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ABSTRACT

Background: Up to 4% of children are born following assisted reproduction 
techniques (ART) yet relatively little is known on neurodevelopmental outcome of 
these children after 18 months of age. Only a limited number of long-term follow-
up studies with adequate methodological quality have been reported. Our aim was 
to evaluate the effects of ovarian hyperstimulation, IVF laboratory procedures and 
a history of subfertility on neurological condition at 2 years. 
Methods: Singletons born after controlled ovarian hyperstimulation IVF (COH-
IVF, n= 66), modified natural cycle IVF (MNC-IVF, n= 56), natural conception in 
subfertile couples (sub-NC, n= 87) and in fertile couples (reference group, n= 101) 
were assessed (using Hempel approach) by neurological examination at 2 years of 
age. This resulted in a neurological optimality score (NOS), a fluency score and the 
prevalence of minor neurological dysfunction (MND). Primary outcome was the 
fluency score, as fluency of movements is easily affected by subtle dysfunction of 
the nervous system. 
Results: Fluency score, NOS and prevalence of MND were similar in COH-IVF, 
MNC-IVF and sub-NC children. However, the fluency score (P < .01) and NOS (P 
< .001) of the three subfertile groups were higher, and the prevalence of MND was 
lower (P = .045), than those in the reference group. 
Conclusions: Neurological condition of 2 year olds born after ART is similar to that 
of children of subfertile couples conceived naturally. Moreover, subfertility does 
not seem to be associated with a worse neurological outcome. These findings are 
reassuring, but we have to keep in mind that subtle neurodevelopmental disorders 
may emerge as children grow older. 
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INTRODUCTION

Worldwide, already 3 million children have been born following assisted reproduction 
techniques (ART) (Adamson et al., 2006). This means that even subtle adverse 
effects of ART on neurodevelopmental outcome will have consequences for society 
at large. 

A recent systematic review indicated that ART does not seem to affect 
short-term neurodevelopmental outcome (Middelburg et al., 2008). This review 
also revealed that surprisingly little is known on long-term outcome of ART owing to 
the relative paucity of long-term follow-up studies of good methodological quality. 
Only seven good quality studies of children older than 18 months were included in 
the review (Morin et al., 1989; Brandes et al., 1992; Levy-Shiff et al., 1998; Agarwal 
et al., 2005; Wikstrand et al., 2006; Knoester et al., 2007; Knoester et al., 2008). 
Since that time, only one other good quality study has been published (Ludwig et 
al., 2009a). In general, the follow-up studies indicated that neurodevelopmental 
outcome of ART children is similar to that of children conceived naturally. However, 
some studies reported inconsistent results. For instance, Knoester et al. (2008) 
indicated that cognitive function of ICSI children was worse than that of children 
born following IVF and natural conception. Levy-Shiff et al. (1998) reported an 
excess of behavioural problems in IVF boys, whereas Morin et al. (1989) reported 
more vocalization and higher energy levels in IVF children compared with naturally 
conceived peers. Neurodevelopmental outcome after ART has also been assessed 
by means of register-based studies (see review of Middelburg et al., 2008). These 
studies suggested that IVF/ICSI per se does not increase the risk for severe cognitive 
impairment or neurological handicap, such as cerebral palsy. A disadvantage 
of register-based studies, however, is that minor effects of ART on neurological 
condition cannot be evaluated. 

Altogether, this means that we are currently still not well informed about 
potentially long-term sequelae of ART on neurological outcome. The finding that 
ART is associated with perinatal complications such as preterm birth and low 
birthweight (Schieve et al., 2002; Helmerhorst et al., 2004; Jackson et al., 2004), 
suggests that ART might be associated with a minor negative impact on more 
advanced neurodevelopmental functions. 

In theory, different components of ART may affect development. 
Hypothetical points of concern are ovarian hyperstimulation (Griesinger et 
al., 2008), the impact of the ART procedure itself (Olivennes et al., 1993) and 
consequences of vanishing twins (Pinborg et al., 2005). In addition, background 
factors associated with ART, such as a history of subfertility resulting from tuba 
pathology, andrological factors or increased maternal age (Salem Yaniv et al., 
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2010), may contribute to worse neurodevelopmental outcome in ART singletons 
(Draper et al., 1999; Sutcliffe and Ludwig, 2007). 

To examine potential effects of the various components of ART, the 
Groningen ART cohort was composed (figure 1; Middelburg et al., 2009a,b). The 
cohort consists of three groups. The first group consisted of children born after 
conventional controlled ovarian hyperstimulation IVF (COH-IVF), the second of 
children born after IVF in the modified natural cycle (MNC-IVF) in which medication 
use was minimal (Nargund et al., 2007) and the third group consisted of a control 
group of naturally conceived children born to subfertile couples (Sub-NC). Possible 
differences in outcome of COH-IVF and MNC-IVF children may be attributed to 
ovarian hyperstimulation, whereas potential differences in MNC-IVF and Sub-NC 
children may largely be attributed to the ART procedure.

We previously reported that neurological outcome of children of the 
Groningen ART cohort was similar at 2 weeks and 3 months of age (Middelburg 
et al., 2009a) and up to and including 18 months (Middelburg et al., 2009b). 
However, neurological condition at 3 months of the Groningen ART cohort was 
less favourable than that of a reference group of the general population, suggesting 
that neither ovarian hyperstimulation, nor the in vitro procedure, but rather factors 
associated with subfertility affect early neurodevelopmental outcome (Middelburg 
et al., 2009a). 

The primary aim of this paper is to assess the effect of ovarian 
hyperstimulation and the IVF laboratory procedure on neurological outcome at 2 
years. To this end, all children of the prospective Groningen ART cohort were re-
assessed using the standardised, precise and age-specific neurological assessment 
according to Hempel (1993). Age-specific testing is necessary, since many 
functional and structural changes of the brain occur during childhood. Primary 
outcome was the neurological condition expressed in terms of fluency of motor 
behaviour. This is a sensitive measure to detect subtle changes in neuromotor 
development, since minor dysfunction of the nervous system already results in a 
reduction of fluency of motion (Huisman et al., 1995; Hadders-Algra et al., 2004). 
Secondary outcome parameters were the neurological optimality score (NOS) and 
type and severity of minor neurological dysfunction (MND). Specific attention was 
paid to relationships between causes of subfertility and neurological outcome. The 
secondary aim of the study was to compare neurological outcome of the Groningen 
ART study with that of a newly recruited retrospective reference group of 2 year olds 
born to fertile couples.
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METHODOLOGY

Participants
Pregnant subfertile couples with a term date between March 2005 and December 
2006 were recruited at the department of Reproductive Medicine of the University 
Medical Center Groningen (Middelburg et al., 2009a). All couples who achieved a 
singleton pregnancy following IVF or ICSI were invited to participate, resulting in 
groups of children born after COH-IVF and MNC-IVF. Couples with a pregnancy 
after treatment with cryopreserved or donated oocytes or embryos were excluded. 
The third group formed was Sub-NC, which comprised couples that had tried to 
conceive for at least 1 year, and finally conceived naturally while waiting for fertility 
evaluation or treatment. We restricted our analysis to singletons, as -in contrast to 
COH-IVF- MNC-IVF rarely results in multiple gestation, and being a member of a 
multiple is associated with an increased risk for developmental problems (Pinborg 
et al., 2003). 

For the present study, a new retrospective reference group was recruited 
between February and October 2009 at six child welfare clinics in and around 
Groningen. All parents of 2-year-old children that visited the child welfare clinic for 
routine general health care were invited to participate. Children of couples who had 
attempted to achieve pregnancy for more than 1 year or achieved pregnancy by any 
form of assisted conception were excluded. 

Prenatal, perinatal and demographic information had been gathered by use 
of standardised charts during the first follow-up assessment, ~2 weeks post-term 
(Middelburg et al., 2009a). When information was incomplete or complications 
during pregnancy or birth had occurred, midwifes and gynaecologists were asked 
for details. Detailed information on the causes and treatment of infertility was 
retrieved from medical records. The Medical Ethical Commission of the University 
Medical Center Groningen approved the study design. At least one of the children’s 
parents provided written informed consent for participation of their child in the 
study. 

Neurological assessment
All children were assessed around the time of their second birthday. Neurological 
assessment was carried out according to Hempel: this assessment is a standardised 
neurological examination to assess MND at preschool age (Hempel, 1993). Five 
domains of function were assessed which can be scored as typical or deviant: 
fine motor function, gross motor function, posture and muscle tone, reflexes and 
visuomotor function (denoting function of the visual system and eye movements; 
Hadders-Algra et al., 2004). 
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Children were classified as neurologically normal, simple MND, complex 
MND or neurologically abnormal. Simple MND denotes the presence of one 
deviant domain, and is regarded as a non-optimal, yet normal form of brain 
function (Hadders-Algra, 2002). Complex MND means the presence of more 
than one domain of dysfunction and represents the clinically relevant form, as it 
is associated with preterm birth and perinatal adversities, and behavioural and 
learning disorders (Hadders-Algra, 2002; Batstra et al., 2003). Neurologically 
abnormal implies the presence of a distinct neurological syndrome, such as cerebral 
palsy. Neurologically normal implies the absence of neurological dysfunction and 
is scored when no domains are deviant or only the domain of reflexes is deviant. 

In addition, outcome of the Hempel assessment was expressed in a 
NOS. The NOS consists of 58 items, for which an optimal condition is defined 
(range: 0–58). The sum of the items which fulfil the criteria for optimality forms 
the score. Higher scores represent better performance. It is important to realize 
that there is a conceptual difference between normality and optimality, since the 
range for optimal behaviour is narrower than for normal behaviour (Prechtl, 1980). 
This implies that both scores are suitable tools to evaluate subtle differences in 
neurological outcome. The fluency score (range: 0–13), a sub-score of the NOS, 
deals with the fluency of motor behaviour. Since subtle dysfunction of the nervous 
system is most easily expressed in a reduction of the fluency of movements, this 
measure is the most sensitive one to detect minimal changes in neuromotor 
development (Huisman et al., 1995; Hadders-Algra et al., 2004). The Hempel 
assessment has a satisfactory inter-rater reliability [k = 0.62–1.00 (mean 0.93)] and 
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hyperstimulation
and the IVF laboratory
procedureEffect of the 

IVF laboratory
procedure

Effect of a history 
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COH - IVF
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Figure 1 - The Groningen ART cohort study. 

The	effects	of	ovarian	hyperstimulation,	the	IVF	laboratory	procedure,	the	combination	of	both	and	a	history	of	subfertility	are	studied	
by	four	different	comparisons.	The	groups	controlled	ovarian	hyperstimulation	IVF	(COH-IVF),	modified	natural	cycle	IVF	(MNC-IVF)	and	
natural	conception	in	subfertile	couples	(Sub-NC)	were	pooled	to	form	the	subfertile	group.
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a good construct validity (Hadders-Algra, 2005). Note that in the results section 
neurological outcome is first presented in the clinical terms of MND. Thereafter, 
the results of the primary outcome parameter, the fluency score and the other 
additional outcome parameter, the NOS, are described. 

M.J.P. and K.J.M., who assessed the children of the subfertile groups, were 
unaware of the mode of conception. Parents were asked not to reveal information 
about the conception method. However, the reference group was recruited 
separately from the subfertile groups, therefore it was impossible to keep the 
assessor of this group (M.J.P.) blind. 

Figure 2 - Flow diagram of the Groningen ART cohort.
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Statistical analysis
Power calculation was based on neurological outcome at 18 months. To detect 
at least half a SD difference in the fluency score (mean 9.5, SD 1.7) (Huisman 
et al., 1995), with 80% power at least 64 children had to be included per group 
(Middelburg et al., 2009b). 

c2 test, Fisher’s exact test, Mann–Whitney U-test or Student’s t-test were 
used to test differences between groups. Potential associations between group 
status and neurological outcome were analysed using regression analyses. Linear 
regression analysis was used for the fluency score and NOS: to this end, both scores 
were normalised using –log (14.5–fluency score) and –ln (59.5–NOS), respectively. 
Logistic regression analysis was applied in the analysis of group effects on the 
occurrence of MND. A similar set of analyses was applied to assess the effect of 
specific causes of subfertility on neurological outcome. 

In the multivariate analyses, background variables were included for which 
the groups differed at 5% significance level, with the exception of the subfertility 
causes. In addition, gestational age was entered in the multivariate analyses on an 
a priori basis, as gestational age is tightly linked to neurological outcome. 

The results of the multiple linear regression analyses were used to calculate 
confidence intervals (CIs) for adjusted differences between the means of the 
groups. To interpret these on the original scale, we use the fact that the difference 
between means of two groups, A and B, on the transformed scale for the fluency 
score can be interpreted as the common logarithm of the ratio (14.5 – medB)/(14.5 
– medA), where medA and medB are medians on the original scale. 
Statistical analyses were performed using the Statistical Package for the Social 
Sciences 15.0 for Windows. Bonferroni corrections were applied in the analyses of 
the outcome parameters, but not in the analyses of patient characteristics. P-values 
of 5% or less were considered significant. 

RESULTS 

Participation and demographic characteristics
Eighty-nine children born after COH-IVF, 79 MNC-IVF children and 143 Sub-
NC children met the inclusion criteria during the prenatal period: parents of 68 
(76%), 57 (72%) and 90 (63%) children, respectively, agreed to participate in 
neurodevelopmental follow-up (figure 2; Middelburg et al., 2009a). Overall, 
obstetrical, neonatal and social characteristics of participants and non-participants 
were similar, except for maternal age (Middelburg et al., 2009a).
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Table i - Characteristics of parents and infants of the Groningen ART cohort

Characteristics COH-IVF MNC-IVF Sub-NC

  n = 66 n = 56 n = 87

Male	gender;	n	(%)	 36	(55)	 27	(48)	 45	(52)
First	born,	n	(%)	 45	(68)	 38	(68)	 53	(61)

Birth characteristics:   
Gestational	age	in	weeks;	median	(range)		 39.4	(33.4-42.3)*	 40.1	(34.6-42.6)	 40.0	(30.1-42.7)*
Preterm	birth	(<	37	weeks);	n	(%)	 7	(11)	 6	(11)	 7	(8)
Birth	weight	in	grams;	mean	(sd)		 3396	(550)	 3400	(576)	 3547	(587)
Low	birth	weight	(<	2500	gram),	n	(%)	 3	(5)	 4	(7)	 5	(6)
Small for gestational agea,	n	(%)	 0	(0)	 3	(5)	 2	(2)
Caesarean	section,	n	(%)	 16	(24)	 8	(14)	 23	(26)
Signs of fetal distressb,	n	(%)	 19	(29)	 16	(29)	 38	(44)

Neonatal characteristics:   
Apgar	score	5	min	<	7c,	n	(%)	 0	(0)	 0	(0)	 1	(1)
Neonatal	intensive	care	admission,	n	(%)	 1	(2)	 2	(4)	 6	(7)
Breasfed	for	>	6	weeksc,	n	(%)	 30	(48)	 26	(46)	 42	(49)

Parental characteristics:   
Maternal	age	at	conception	in	years;	median	(range)	 32.9	(26.3-40.9)	 32.8	(25.3-37.5)	 33.3	(22.2-40.3)
Paternal age at conception in yearsc;	median	(range)	 35.7	(27.5-56.1)*	 34.4	(28.3-47.8)*	 35.4	(25.5-52.6)
Smoking	during	pregnancy,	n	(%)	 7	(11)	 7	(13)	 9	(10)

Parental socioeconomic status:   
Education level mother (highd),	n	(%)	 22	(33)	 21	(38)	 40	(46)
Education level father (highd)c,	n	(%)	 29	(46)		 18	(32)	 32	(47)

ICSI	performed;	n	(%)	 42	(64)	 28	(50)	 n.a.
Vanishing	twins,	n	(%)	 8	(12)*/***	 1	(2)*	 0	(0)***
Time to pregnancy in yearsc;	median	(range)	 4.0	(0.1-13.3)***	 3.8	(0.1-13.2)**	 2.1	(0.1-11.3)***/**
Type	of	infertility	(primary),	n	(%)	 35	(53)	 33	(59)	 45	(52)

Subfertility causese   
Tuba	pathology,	n	(%)	 8	(15)	 9	(17)	 5	(6)
Male	factor,	n	(%)	 28	(52)**	 31	(57)***	 19	(24)**/***
Other	causes,	n	(%)	 9	(17)	 5	(9)	 9	(11)
Unknown	cause,	n	(%)	 8	(15)***	 9	(17)***	 48	(59)***/***

Corrected	age	at	examination	at	2	years	of	age	(in	months)	 24.9	(23.3-30.2)	 24.9	(13.8-27.9)	 25.0	(23.2-28.9)

Note:	Mann-Whitney	U	tests	or	Student’s	t-test	and	Chi-square	tests	or	Fisher’s	exact	tests	were	used	to	compare	between	groups;	*	
P	<	.05;	**	P	<	.01,	***	P	<	.001.
a  Birth weight for gestational age is < -2 standard deviations compared with the Dutch reference population (Dutch reference tables, 
Perinatal	Registration	Netherlands).

b	 Signs	of	fetal	distress	denoted	by	meconium	stained	amniotic	fluid	and/or	cardiotocographic	signs	and/or	acidosis.
c	 	Missing	data	in	three	groups:	Apgar	n=5,	breastfed	n=5,	paternal	age	n=4,	education	level	father	n=4,	time	to	pregnancy	n=1.	Note	
that	in	the	percentages	missing	values	have	been	taken	into	account.	

d	 University	education	or	vocational	colleges.
e	 Couples	may	have	more	than	1	cause	of	subfertility,	therefore	totals	may	exceed	100%.
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Six children were lost to follow-up at the assessment at 2 years. Two COH-
IVF children and three Sub-NC children did not participate for logistical reasons. 
One MNC-IVF girl had a congenital heart disorder and died at 3 weeks of age. 

Overall, demographic characteristics of the three groups were similar. 
The differences found were the following: gestational age was shorter in COH-IVF 
children than in Sub-NC children (P = .012). COH-IVF children were more often 
survivors of a vanishing twin than MNC-IVF and Sub-NC children (P = .038 and 
P < .001, respectively). Mothers of COH-IVF and MNC-IVF children needed more 
time to get pregnant than mothers of Sub-NC children (P < .001 and P = .003, 
respectively). Finally, fathers of MNC-IVF children were younger than those of 
COH-IVF children (P = .037; table I). 

Table ii - Neurological classification and domains of dysfunction.

a. ART cohort and reference group

 COH – IVF MNC – IVF Sub – NC Subfertile groupa Reference groupb

 n = 66 n = 56 n = 87 n = 209 n = 101

Neurological outcome
Normal	 58	(88%)	 52	(93%)	 83	(95%)	 193	(92%)	 88	(87%)
Simple MNDc	 5	(8%)	 3	(5%)	 2	(2%)	 10	(5%)	 10	(10%)
Complex MNDc	 3	(5%)	 1	(2%)	 2	(2%)	 6	(3%)	 3	(3%)
Domain of dysfunction
Fine	motor	dysfunction	 –	(0)	 1	(2%)	 –	(0)	 1	(1%)	 –	(0)
Gross	motor	dysfunction	 4	(6%)	 1	(2%)	 3	(3%)	 8	(4%)	 3	(3%)
Posture	and	muscle	tone	dysfunction	 4	(6%)	 2	(4%)	 1	(1%)	 7	(3%)*	 12	(11%)*
Dysfunctional	reflexes	 11	(17%)	 9	(16%)	 12	(14%)	 32	(15%)	 22	(22%)
Visuomotor	dysfunction	 1	(2%)		 –	(0)	 –	(0)	 1	(1%)	 –	(0)

b. Subfertility causesd

 Tuba pathology Male factor Other causese Unknown cause

 n = 29 n = 94 n = 40 n = 65

Neurological outcome
Normal	 27	(93)	 85	(90)	 37	(93)	 60	(92)
Simple MNDc	 2	(7)	 6	(6)	 2	(5)	 2	(3)
Complex MNDc	 –	(0)	 3	(3)	 1	(3)	 3	(5)

Note: c2	test	or	Fisher’s	Exact	test	were	used	to	compare	groups.	*	P	<	.01.
a	 Group	COH-IVF,	MNC-IVF	and	Sub-NC	were	pooled	to	form	the	subfertile	group.
b	 Naturally	conceived	children	born	to	fertile	parents.
c	 MND	=	minor	neurological	dysfunction.
d	 Couples	may	have	more	than	1	cause	of	subfertility,	therefore	totals	may	exceed	100%.
e	 Other	known	causes	of	subertility:	endometriosis,	cervical	factor,	hormonal	cause,	lesbian	couple.
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Neurological condition of children of the Groningen ART cohort
None of the children of the COH-IVF, MNC-IVF and Sub-NC groups showed 
a definitely abnormal neurological condition, and none had an ICD-10 
neurodevelopmental diagnosis. Children of the COH-IVF group tended to show 
both simple and complex MND more often than MNC-IVF or Sub-NC children, 
but this neurological disadvantage did not reach statistical significance (table II). 
In accordance, the prevalence of dysfunction in specific neurological domains was 
similar in the three groups. As the prevalence of complex MND was low (table II), 
we used in the multivariate statistical analysis MND, denoting the presence of 
either simple or complex MND, as outcome parameter. The multivariate analyses 
confirmed that neither the ovarian hyperstimulation (COH-IVF versus MNC-
IVF), nor the in vitro laboratory procedures (MNC-IVF versus Sub-NC), nor the 

Table iii - Multivariate regression analyses of the influence of ART components and 
history of subfertility on neurological outcome
  

  Adjusted median difference (95% CI) P - value 

Outcome measure:   
Fluency	score			- log (14.5 - fluency score)  
COH-IVF	versus	Sub-NC	 0.006	(-0.027	–	0.039)a	 0.700
MNC-IVF	versus	Sub-NC	 0.007	(-0.026	–	0.040)b	 0.676
COH-IVF	versus	MNC-IVF	 0.003	(-0.033	–	0.038)c	 0.888
Subfertile	group	versus	reference	group	 0.039	(0.014	–	0.064)d	 0.003

Outcome measure:  
Neurological optimality score   - ln (59.5 - NOS)   
COH-IVF	versus	Sub-NC	 -0.061	(-0.187	–	0.066)a	 0.344
MNC-IVF	versus	Sub-NC	 -0.011	(-0.137	–	0.115)b	 0.867
COH-IVF	versus	MNC-IVF	 -0.045	(-0.182	–	0.093)c	 0.523
Subfertile	group	versus	reference	group	 0.153	(0.062	–	0.245)d	 0.001

  Adjusted odds ratio  (95% CI) P - value

Outcome measure: MND  
COH-IVF	versus	Sub-NC	 2.161	(0.575	–	8.122)a	 0.254
MNC-IVF	versus	Sub-NC	 1.221	(0.277	–	5.393)b	 0.792
COH-IVF	versus	MNC-IVF	 1.917	(0.518	–	7.100)c	 0.330
Subfertile	group	versus	reference	group	 0.386	(0.152	–	0.979)d	 0.045
  
Note:	Linear	regression	analyses	were	used	to	compare	the	fluency	score	and	NOS	between	groups.	Logistic	regression	analyses	were	
used	to	compare	the	prevalence	of	MND	between	groups.		 	
a	 Adjusted	for	gestational	age,	time	to	pregnancy,	gestational	age	and	vanishing	twins.	Bonferroni	correction	applied.
b		Adjusted	for	gestational	age	and	time	to	pregnancy.	Bonferroni	correction	applied.		
c		 Adjusted	for	gestational	age,	paternal	age	and	vanishing	twins.	Bonferroni	correction	applied.	 	
d		 	Adjusted	for	gestational	age,	birthweight,	firstborn,	signs	of	fetal	distress,	caesarean	section,	breastfed	for	>	6	weeks,	maternal	age,	
education	level	mother,	education	level	father	and	corrected	age	at	examination	at	2	years.	 	
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combination of both factors (COH-IVF versus Sub-NC) affected the occurrence of 
MND (table III). 

The primary outcome parameter, the fluency score, and the other 
additional outcome parameter, the NOS, were similar in the three groups (figure 2). 
The similarity in fluency score and NOS in the three groups was confirmed in the 
multivariate analyses (table III).

Transforming the CI for the differences between the groups (table III) back 
into the original scale results in the following interpretation: assuming that the 
corrected median fluency score is 10 in the Sub-NC group, the CIs for corrected 
medians for group MNC-IVF and COH-IVF are both (9.7–10.4); assuming that the 
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Figure 2 - Fluency scores and NOS. 

Fluency score and NOS in the three ART cohort groups (upper panel) and the subfertile group and the reference group (lower panel). 
*P < .01, **P < .001.
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score is 10 for the MNC-IVF group, the CI for the COH-IVF group median is (9.6–
10.4). For the NOS, assuming that the median score of 49 for the Sub-NC group 
results in CIs (47.5–50.1) and (46.8–49.7) for medians in the group MNC-IVF and 
COH-IVF, respectively; assuming that the score is 48 for the COH-IVF group, the CI 
for the MNC-IVF group is (45.7–46.9). The resemblance in neurological condition 
of the three groups allowed us to pool them to form the subfertile group. 

Neurological condition of the subfertile and reference groups
Parents of 167 reference children were invited to participate in the study. Parents 
of 37 infants refused to participate. Logistic problems hampered the assessment 
of another 29 children. Eventually, 101 (61%) children were examined. Maternal 

Table iV - Characteristics of parents and infants of the subfertile group and the reference group

Characteristics Subfertile groupa Reference group P - value 

  n = 209 n = 101 

Male	gender;	n	(%)	 108	(52)	 47	(47)	 0.396
First	born,	n	(%)	 136	(65)	 52	(52)	 0.022

Birth characteristics:   
Gestational	age	(in	weeks),	median	(range)	 39.9	(30.1-42.7)	 40.0	(35.7-42.4)	 0.275
Birth weight in gramsf,	mean	(range)		 3460	(575)	 3615	(465)	 0.022
Low	birth	weight	(<	2500	gram),	n	(%)	 12	(6)	 0	(0)	 0.021
Small for gestational ageb,	n	(%)	 5	(2)	 6	(6)	 0.168
Preterm	birth	(<	37	weeks),	n	(%)	 20	(10)	 2	(2)	 0.015
Signs of fetal distressc,	n	(%)	 73	(35)	 20	(20)	 <0.001
Caesarean	section,	n	(%)	 47	(23)	 8	(8)	 0.002

Neonatal characteristics:   
Breastfed	for	>	6	weeksf,	n	(%)		 98	(48)	 59	(62)	 0.030

Parental characteristics:   
Maternal	age	at	conception,	mean	(range)	 33.0	(22.2-40.9)	 30.9	(18.0-40.4)	 <0.001
Smoking	during	pregnancy	(mother),	n	(%)	 23	(11)	 11	(11)	 0.976

Parental socioeconomic status:   
Education level mother (highd),	n	(%)	 83	(40)	 53	(53)	 0.034
Education level father (highd)f,	n	(%)	 79	(39)	 55	(56)	 0.004

Time to pregnancy (categoricale)f	 4	(0-5)	 0	(0-1)	 <0.001
Corrected	age	at	examination	at	2	years	of	age	(in	months)	 24.9	(23.2-30.2)	 25.5	(23.5-29.1)	 <0.001
   

Note:	Mann-Whitney	U	tests	or	Student’s	t-test	and	c2	tests	or	Fisher’s	exact	tests	were	used	to	compare	between	groups.
a		 Group	COH-IVF,	MNC-IVF	and	Sub-NC	were	pooled	to	form	the	subfertile	group.			 	 	
b		 Birth	weight	<	10%.	 	 	
c		 	Signs	of	fetal	distress	denoted	by	meconium	stained	amniotic	fluid	and/or	cardiotocographic	signs	and/or	acidosis.
d		 University	education	or	vocational	colleges.	 	 	
e		 Time	to	pregnancy	as	a	categorical	value:	0	=	0	-	½	year,	1	=	½	-	1	year,	2	=	1	-	2	years,	3	=	2		-3	years,	4	=	3	-	5	years,	5	=	>	5	years. 
f		 	Missing	data	in	two	groups:	birth	weight	n=7,	breastfed	n=10,	education	level	father	n=4,	time	to	pregnancy	n=1.	Note	that	in	the	
percentages	missing	values	have	been	taken	into	account.	 	 	



88

part II - the GronInGen art cohort study

education of non-participating children was significantly lower than that of 
participating children (P < .01), but gender distribution and gestational age at birth 
were similar for participants and non-participants. Table IV illustrates that perinatal 
and social characteristics of the subfertile and the reference groups differed 
considerably. Compared with the fertile reference group children of the subfertile 
group more often were firstborn (P = .022) and preterm (P = .015), had a lower 
birthweight (P = .022), showed more often signs of fetal distress (P < .001), more 
often were born following Caesarean section (P = .002) and were slightly younger 
at the follow-up assessment (P < .001). In addition, in the subfertile group maternal 
age was higher (P < .001) and parental educational level was lower (maternal: P 
= .034, paternal: P = .004) than in the reference group. Finally, parents of the 
subfertile group needed more time to get pregnant (P < .001). 

Children of the subfertile group tended to show less MND than the 
reference children. In the univariate analysis the difference did not reach statistical 
significance (table II). Yet, when confounders were taken into account the difference 
was statistically significant (P = .045; table III). Furthermore, a minor difference was 
found in the specific domains of dysfunction: the reference group showed more 
often dysfunctional posture and muscle tone regulation than the subfertile group 
(P < .01; table II). 

Similar results were found for the fluency score and the NOS. Both fluency 
score and NOS of the subfertile group were higher than those of the reference 
group [fluency score: median values 10 (6–12) and 9 (6–13), respectively; P = .002; 
NOS: median values 49 (32–57) and 47 (28–55); P < .001; figure 3]. Multivariate 
analyses confirmed that differences in fluency and NOS scores between the 
subfertile group and the reference group were statistically significant (P = .003 and 
P = .001, respectively; table III). 

Transforming the CIs for the differences between both groups (table III) 
back into the original scale results in the following interpretation: assuming that 
the corrected median fluency score is 9 in the reference group, the CIs for corrected 
medians for the subfertile group is (9.2–9.8); assuming that the score is 10 for 
the subfertile group, the CI for the reference group median is (10.1–10.6). For the 
NOS, assuming that the median score of 47 for the reference group results in the 
CI (47.8–49.7) for the median in the subfertile group; assuming that the score is 49 
for the subfertile group, the CI for the reference group is (49.6–51.3). 

Underlying subfertility causes and neurological outcome
None of the specific causes of subfertility were related to the fluency score, NOS or 
the type or severity of MND (table II). This was confirmed in multivariate analyses 
(data not provided).
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DISCUSSION

The present study indicates that neurological outcome in 2 year olds is not 
influenced by ovarian hyperstimulation, the in vitro laboratory procedure itself or a 
combination of both. The findings support the results of the Groningen ART cohort 
study at younger ages (Middelburg et al., 2009a,b). 

Our results are in line with most good quality studies in which children 
born after ART were followed until at least the age of 2 years (Brandes et al., 
1992; Agarwal et al., 2005; Wikstrand et al., 2006; Knoester et al., 2007; Ludwig 
et al., 2009a). They strengthen the notion that ART is not associated with adverse 
neurological outcome at early age since we used a standardised and sensitive 
neurological assessment which allows for the detection of subtle differences in 
outcome (Hadders-Algra, 2005). Our data also indicated that specific causes of 
subfertility, which may be associated with higher rates of spontaneous abortion 
(Sutcliffe and Ludwig, 2007), are not associated with worse neurological outcome. 

Unexpectedly, we found that neurological outcome of the subfertile 
group was better than that of the reference group. Previously, we found that 
neurological condition of the subfertile group at 3 months was slightly worse than 
that of a reference group of the general population (Middelburg et al., 2009a). This 
difference may be attributed to the selection of the reference groups. The reference 
group at 3 months consisted of a group which was representative for the general 
population—the children had been assessed as part of a general health check-
up provided for all children. The current reference group consisted of 2 year olds 
whose parents volunteered to form a reference group for the ART cohort study. 
This may have introduced a selection bias. Also, Knoester et al. (2007) reported 
in the control group of naturally conceived children of fertile couples a prevalence 
rate of MND which was substantially higher than that in the general population 
(Hadders-Algra, 2010). Recently, Carson et al. (2010) elegantly demonstrated the 
importance of a proper comparison group: they showed that when the control group 
was not properly matched to the ART study group, children born after ART had a 
better cognitive performance than the reference group. But when the background 
factors of the reference group closely resembled that of the ART group differences 
in cognitive disabilities disappeared. Perinatal and social background factors of 
our reference group differed substantially from those of the Groningen ART cohort 
groups. From a neurodevelopmental view perinatal and social background factors 
in the reference group were more favourable than those in the subfertile group 
(table IV). Multivariate analyses were applied to adjust for the large differences in 
background between the two groups. 
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Strengths and limitations
One of the major strengths of the study is the composition of our study groups 
which allowed for a disentangling of the effect of two aspects of ART. Our study 
was able to demonstrate that neither ovarian hyperstimulation nor the in vitro 
procedure was associated with an increased risk for neurological non-optimality at 
the age of 2 years. 

Parental characteristics of the naturally conceived control group, consisting 
of children born to subfertile couples (Sub-NC), closely resembled those of both 
COH-IVF and MNC-IVF groups. As a result, the effects of potential confounders 
and a potential overestimation of the effect of ART were minimized. 

Another major strength of the present study is the application of a 
sensitive and age-specific technique to assess neurological condition. The strength 
of the Hempel assessment is illustrated by the study of Bouwstra et al. (2006), 
which demonstrated a negative effect of neonatal trans-fatty acid status on 
neurodevelopmental outcome using the assessment according to Hempel but not 
by using the Bayley’s Scale of Infant Development. Although subtle differences 
in neurological outcome, such as a few points reduction in the NOS or fluency 
score, may not have clinical relevance for individual persons, minor deviations in 
neurodevelopmental outcome for substantial subpopulations may affect society at 
large, especially since the number of fertility problems is steadily rising. 

The prospective design of our study, in which couples of the COH-IVF, 
MNC-IVF and Sub-NC groups were invited in the third trimester of pregnancy, 
reduced potential selection bias based on the child’s health or development. 

Additional strengths of our study are the minimal post-natal attrition 
(3%) and the ‘blinding’ of assessors to the mode of conception of the ART cohort. 
Whether blinding in ART studies is valuable, was questioned by Ludwig et al. 
(2009b) who found that the assessors’ feeling about the mode of conception was 
correct in 75% of cases. The likelihood that the assessors in our study would guess 
the conception mode was minimized, because all parents of the ART cohort had 
experienced subfertility. However, we had been unable to prevent knowledge of 
conception mode of the assessor involved in the examination of the reference 
group. 

It is a limitation of the study that we studied singletons only. This means 
that the results cannot be generalised to children born after multiple gestation. It is 
well known that controlled ovarian hyperstimulation IVF is associated with multiple 
birth and that being a member of a multiple is associated with an increased risk for 
developmental problems (Pinborg et al., 2003). 

A limitation of the study is the composition of the fertile reference group. 
Our results underscore the need of prospectively recruited control groups. Another 
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limitation of the study was the size of the MNC-IVF group, which was slightly smaller 
than the 64 needed for an adequate power of the study. However, the finding that 
outcome of the three subfertile groups was very similar, suggests that it is unlikely 
that larger groups would have revealed statistically significant differences between 
the groups. Owing to the relatively small number of children in our groups, the 
study was unable to evaluate the association between ART procedures and rare, 
severe neurodevelopmental disorders. 

In conclusion, the neurological condition of 2 year olds born after COH-
IVF or MNC-IVF is similar to that of peers born to subfertile couples who conceived 
without ART. This indicates that neither the ovarian hyperstimulation, nor the IVF 
laboratory procedures or a combination of both factors is associated with a worse 
neurological outcome up until the age of 2 years. Additionally, our data suggest 
that subfertility is not associated with a worse neurological outcome at 2 years. 
Although the findings of the present Groningen ART cohort study are reassuring, 
we have to keep in mind that subtle neurodevelopmental disorders may emerge 
when children grow older.
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