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STUDY QUESTION: Do ovarian stimulation (OS) and the in vitro laboratory procedures affect offsprings’ cognitive and behavioural outcome
at 9 years?

SUMMARY ANSWER: OS and the in vitro laboratory procedures or the combination of both were not associated with cognitive and
behavioural outcome at age 9 years.

WHAT IS KNOWN ALREADY: ART is not associated with an adverse short-term developmental outcome of the offspring, but limited
knowledge is available on the offspring’s long-term neurodevelopmental condition.

STUDY DESIGN, SIZE, DURATION: A 9-year longitudinal, assessor-blinded, prospective follow-up study of 169 out of 215 singletons
(79%) born between March 2005 and December 2006 was performed.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Singletons born following IVF or ICSI with OS (n = 57), born after modified
natural cycle IVF/ICSI (MNC-IVF/ICSI; n = 46) and born after natural conception to subfertile couples (Sub-NC; n = 66), were assessed at
9 years. This study design, with two ART groups and a subfertile reference group, allows for disentangling the effects of OS and ART procedures
on developmental outcome. Cognitive outcome was evaluated with the Wechsler abbreviated scale of intelligence and the NEPSY-II. Behaviour
was assessed with the child behaviour checklist (CBCL) and teacher report form (TRF). Univariable analyses and multiple linear regression
models were used.

MAIN RESULTS AND THE ROLE OF CHANCE: There was no significant difference in intelligence quotient (IQ) scores between ART
groups (mean IQ (95% CI): OS 114.8 (83.2–142.6); MNC 114.0 (90.2–140.8); Sub-NC 115.4 (87.9–141.2), P = 0.746). Multivariable analyses
did not reveal a statistically significant association between ART group and total, verbal and performance IQ. CBCL and TRF scores did not
differ significantly between ART groups (P = 0.090 and 0.507, respectively). Multivariable analyses did not demonstrate a statistically significant
association between ART group and CBCL and TRF total, or internalising and externalising T-scores. No significant correlations between time
to pregnancy (TTP)—a proxy for the severity of parental subfertility—and outcome measures were found (Spearman rho between −0.050
and 0.049, NS), which was confirmed with multivariable analyses.

LIMITATIONS, REASONS FOR CAUTION: The attrition rate of 21% may be considered as a limitation of the study; however, after a
follow-up period of 9 years, this rate is generally considered acceptable, and there were no significant differences in background characteristics
between children with and without follow-up, making an attrition-related selection bias less likely. Another limitation of the study is the relatively
small sample size, which could contribute to selection bias, hamper generalizability to the ART population and lead to false negative findings
as a result of underpowering. An a priori power analysis on total IQ indicated that the OS-IVF/ICSI and Sub-NC groups should contain 64
children, confirming that our study including 57 and 66 children, respectively, was slightly underpowered.

WIDER IMPLICATIONS OF THE FINDINGS: Our study indicated that OS and the in vitro laboratory procedures or the combination
of both and TTP were not associated with cognitive and behavioural outcome at 9 years. These are reassuring results for both parents and
clinicians involved in ART.

STUDY FUNDING/COMPETING INTEREST(S): The study was financially supported by the University Medical Center Groningen
(UMCG), two graduate schools of the UMCG (BCN and SHARE) and the Cornelia Stichting. The sponsors of the study had no role
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Introduction
In The Netherlands, currently almost 3% of the children are born with
the help of ART, such as IVF or ICSI, and this percentage is increasing
(websites CBS and NVOG). This raises the important question of
whether ART influences developmental outcome of these children.
Factors that could play a role are hormonal influences such as ovarian
stimulation (OS), effects of the laboratory procedures used in IVF
and ICSI and possible influences of vanishing twins (Oliviennes, 1993;
Pinborg, 2005; Kapiteijn, 2006). Also, the subfertility of the parents
could be an influencing factor in developmental outcome (Schendelaar
et al., 2014, 2016).

Despite the higher rate of unfavourable perinatal outcomes, espe-
cially in terms of preterm birth and low birthweight (Helmerhorst
et al., 2004), ART is not associated with adverse effects on devel-
opmental outcome up to and including 5 years of age (Middelburg
et al., 2008; Wagenaar et al., 2008; Carson et al., 2011; Hart and
Norman, 2013b; Fauser et al., 2014). Some metabolic differences such
as higher blood pressure, higher fat under the skin and higher fasting
glucose concentrations have been found (Hart and Norman, 2013a;
Fauser et al., 2014). However, at present, it is not clear whether
there are long-term developmental and health differences between
children born after ART and their peers born from fertile parents. With
respect to cognitive development beyond the age of 5 years, a limited
number of studies are available with conflicting evidence: intelligence
quotient (IQ) at school age in children born after ART was similar or
somewhat higher than that of children born to fertile parents (Leunens
et al., 2006; Leunens et al., 2008; Barbuscia and Mills, 2017), executive
functions in adolescence were similar in children born with or without
ART (Wagenaar et al., 2009b), and however, academic performance
scores in adolescence were slightly lower in ART children (Spangmose
et al., 2017). For behavioural development, the available literature
also does not report consistent results (Wagenaar et al., 2008): some
studies found that ART children showed more signs of behavioural
problems compared with children born to fertile parents, but the type
of behavioural problems was inconsistent and considered not to be
in a clinically relevant range (Wagenaar et al., 2009a; Wagenaar et al.,
2011; Carson et al., 2013; Barbuscia et al., 2019). As especially cognitive
functions show major developmental changes after the age of 5 years,
it is conceivable that ART components may affect these functions at
school age. Therefore, we assessed cognition and behaviour of the
offspring of the Groningen assisted reproductive technologies (ART)
cohort study at 9 years of age. The ART study is a longitudinal follow-
up study on the development of children born after ART (Middelburg
et al., 2009), which was designed to disentangle the effects of OS and
the in vitro procedure itself on developmental outcome. The study
cohort consists of children born following IVF or ICSI with conventional
ovarian stimulation (OS-IVF/ICSI), children born following IVF/ICSI in
the modified natural cycle (MNC-IVF/ICSI) and children who were
born after natural conception to subfertile couples (Sub-NC group).

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Previous studies on the Groningen ART cohort did not find differences
in neurological, cognitive and behavioural development up to the age
of 4 years between these three ART groups (Middelburg et al., 2009;
Schendelaar et al., 2014, 2016). However, severity of subfertility was
associated with suboptimal neurological and cognitive development at
the age of 4 years (Schendelaar et al., 2014, 2016) and with neurological
outcome at age 9 years (Drenth Olivares et al., 2019).

The aim of the current ART study was to investigate the effects
of OS and the in vitro procedure itself on cognitive and behavioural
outcome at the age of 9 years. The study design enables us to disen-
tangle possible effects of OS and the in vitro laboratory procedures,
as both an ART group with OS (OS-IVF/ICSI) and an ART group
without OS (MNC-IVF/ICSI) are included. In addition, the effect of
time to pregnancy (TTP)—a proxy for the severity of subfertility—
on developmental outcome was examined. Cognitive outcome was
assessed by means of the Wechsler abbreviated scale of intelligence
(WASI) (Wechsler, 1999) and the NEPSY (Korkman et al., 2007a), and
behavioural outcome was assessed with the child behaviour checklist
(CBCL) (Achenbach and Rescoria, 2001) and teacher report form
(TRF) (Achenbach and Rescoria, 2001).

Materials and Methods

Ethical approval
The Medical Ethical Committee of the University Medical Center
Groningen (UMCG) approved the study design. Parents gave written
informed consent.

Participants
The participants of the Groningen ART study were recruited prenatally
at the Department of Reproductive Medicine of the UMCG. Pregnant
couples who achieved a singleton pregnancy via IVF or ICSI with a
term date between March 2005 and December 2006 were eligible
(Middelburg et al., 2010). This could be either OS-IVF/ICSI with con-
ventional hormonal OS or MNC-IVF/ICSI in which use of hormones
was minimal. Details on the procedures in MNC-IVF/ICSI have been
described previously (Pelinck et al., 2007, 2008). Couples treated with
cryopreserved or donated oocytes or embryos were not suitable for
inclusion. A subfertile natural conception (Sub-NC) control group was
formed by inviting all couples who conceived naturally while on the
waiting list for fertility evaluation or treatment during the study period.
These couples had been trying to conceive naturally for at least 1 year
and were then referred to the Department of Reproductive Medicine.
All couples were approached during the third trimester of pregnancy.
Prenatal, perinatal and demographic information was collected from
the parents and from medical records with standardised charts during
the first follow-up assessment of the ART study at 2 weeks corrected
age (Middelburg et al., 2010).
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Neonatally, 68 infants were included in the OS-IVF/ICSI group,
57 in the MNC-IVF/ICSI group and 90 in the Sub-NC group
(Middelburg et al., 2010). At 9 years, 57 OS-IVF/ICSI (84%), 46
MNC-IVF/ICSI (81%) and 66 Sub-NC (73%) children were assessed
(Supplementary Fig. S1). Reasons for attrition were withdrawal
of consent due to overloaded family agendas, inability to contact
families and emigration. There were no significant differences in
all background characteristics (Table I) between the children who
had and who did not have follow-up at the age of 9 years (Mann–
Whitney U test or Fisher exact test, P-values ranging from 0.155 to
1.000).

Table I shows the background characteristics of the participating
children and their parents. Most background characteristics did not
differ between the ART groups, except TTP which was shortest in
the Sub-NC group (OS-IVF/ICSI versus Sub-NC P < 0.001; MNC-
IVF/ICSI versus Sub-NC P = 0.003), the number of pregnancies
with vanishing twins which was higher in the OS-IVF/ICSI group
compared with the Sub-NC group (P = 0.009), gestational age
and birthweight which were lower in the OS IVF/ICSI group
than in the Sub-NC group (P-values, respectively, 0.036 and
0.049) and paternal age at conception which was higher in the
OS-IVF/ICSI group compared with the MNC IVF/ICSI group
(P = 0.020).

Cognitive assessment
To assess cognitive outcome in terms of IQ at age 9 years, the
WASI (Wechsler, 1999) was used. This condensed IQ test yields
three IQ scores: verbal IQ score with subtests vocabulary and
similarities; performance IQ (PIQ) with subtests block design and
matrices; and full-scale IQ based on all four subtests. The WASI
is a validated screening IQ test and is suitable for ages 6–89 years
(Wechsler, 1999). The WASI has good correlations with more
extensive IQ tests such as the Wechsler Adult Intelligence Scale-
III and the Wechsler Intelligence Scale for Children-III (Wechsler,
1999).

In order to assess specific domains of neuropsychological devel-
opment, we used the Dutch version of the NEPSY-II (Korkman
et al., 2007a, b). The NEPSY-II is designed for children aged
5–12 years and has good psychometric properties (Korkman
et al., 2007b). In the current study, three of the six NEPSY-
domains were assessed: attention and executive functions; mem-
ory and learning; and social cognition, as previous studies sug-
gested that ART-offspring may have an increased risk of impair-
ments in these domains (Källén et al., 2011; Knoester et al.,
2007). The domain attention and executive functions consist of
two subtests, namely inhibition and design fluency, and yield 14
scores. The domain memory and learning comprise three subtests
(memory for names, memory for names delayed and narrative
memory) and generate six scores. The domain social cognition
comprises two subtests: affect recognition and theory of mind,
and yields three scores. All NEPSY scores of the various subtests
were dichotomized into typical or atypical (classifications weak
or very weak) according to instructions in the manual: scaled
scores between 4 and 5, and percentile scores between 3 and
10 are considered as weak, scaled scores below 4 and percentile
scores below 3 are considered as very weak (Korkman et al.,
2007a, b). The number of atypical scores for each NEPSY domain
was calculated.
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Behavioural assessment
Behavioural outcome was assessed by means of the CBCL and the TRF
(Achenbach and Rescoria, 2001). Reliability and internal consistency of
both CBCL and TRF are good (Achenbach and Rescoria, 2001). The
CBCL and TRF are questionnaires on the behaviour of the child, which
are filled in by one of the parents or the teacher, respectively. They both
include 113 items on behavioural and emotional problems, which are
all scored on a three-point scale: not true, somewhat or sometimes
true and very true or very often true. The sum of all items yields
a total problem score, an internalising problem score with domains
emotionally reactive, anxious or depressed, somatic complaints and
withdrawn, and an externalising problem score with domains attention
problems and aggressive behaviour. The raw scores are transformed
into T-scores, where higher T-scores stand for more problematic
behaviour. T-scores above 63 are in the clinical range, between 60
and 63 are considered borderline and below 60 are normal. We
dichotomized scores into typical (normal) and atypical (borderline and
clinical). If information on more than eight of the 113 items was missing,
we excluded the questionnaire.

Statistical analyses
Differences between the groups in background characteristics and
outcome parameters were first tested with univariable statistics, using
parametric and non-parametric tests when appropriate. Next, multiple
linear regression with backward elimination was performed. Possible
confounders (gender, ICSI, smoking during pregnancy, alcohol use dur-
ing pregnancy, use of folic acid, vanishing twins, gestational age, preterm
birth, birthweight, low birthweight, small for gestational age, Caesarean
section, signs of foetal distress, maternal age, paternal age, educational
level of the mother, educational level of the father and causes of
subfertility; see Table I) were entered into these analyses if they had
an effect on the outcome variable at the significance level of 0.25 in
the univariate analyses. For each of the outcome parameters (WASI,
NEPSY, CBCL and TRF), two models were created: one with and one
without the categorical variable ART group in addition to the set of
confounders, in order to see whether ART group was a significant
factor. TTP was defined as the time in decimal years between the
start of unprotected intercourse or the end of a previous pregnancy
and conception. Spearman rho correlations between TTP and out-
come measures were calculated. In addition, multivariable analyses of
associations between TTP and outcome parameters were performed
with the same set of possible confounders as above, excluding ART
group. Throughout the analyses, probability values of 5% or less were
considered statistically significant. SPSS Statistics version 25.0 (SPSS
Inc., Chicago, IL, USA) was used.

Results

Effects of ART
There were no differences in total IQ between the three ART groups
with a mean total IQ for the OS-IVF/ICSI group of 114.8 (range
79–150), for the MNC-IVF/ICSI group of 113.8 (range 77–150) and
for the Sub-NC group of 115.1 (range 86–147). Also, no signifi-
cant differences were found between the ART groups for verbal
and performance IQ (Table II). Furthermore, neither the number of

https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/dez202#supplementary-data
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Table I Characteristics of participating children and parents of the Groningen ART cohort study groups.

Characteristics OS-IVF/ICSI MNC-IVF/ICSI Sub-NC

n = 57 n = 46 n = 66
.......................................................................................................................................................................................
Child characteristics

Male gender, n (%) 32 (56) 22 (48) 33 (50)

First born, n (%) 38 (67) 33 (72) 39 (59)

Age at examination in months, median (range) 110.4 (108.5–126.5) 110.3 (108.2–131.8) 109.9 (100.7–119.9)

Fertility parameters

TTP in yearsa, median (range) 4.0 (0.1–13.3)∗∗∗ 3.8 (0.1–7.5)∗∗ 2.0 (0.1–11.3)∗∗∗/∗∗

ICSI, n (%) 37 (65) 21 (46) n.a.

Gestational characteristics

Smoking during pregnancy, n (%) 6 (11) 5 (11) 6 (9)

Alcohol use during pregnancy, n (%) 3 (5) 0 (0) 2 (3)

Use of folic acid during pregnancyb, n (%) 50 (93) 46 (100)∗ 57 (86)∗

Vanishing twins, n (%) 6 (11)∗∗ 1 (2) 0 (0)∗∗

Birth characteristics

Gestational age in weeks, median (range) 39.4 (33.4–42.3)∗ 39.9 (34.6–42.6) 40.1 (30.1–42.6)∗

Preterm birth (<37 weeks), n (%) 6 (11) 6 (13) 4 (6)

Birthweight in grams, mean (σ ) 3340 (563)∗ 3382 (604) 3594 (517)∗

Low birthweight, n (%) 3 (5) 4 (9) 2 (3)

Small-for-gestational age, n (%) 0 (0) 3 (7) 1 (2)

Caesarean section, n (%) 15 (26) 8 (17) 19 (29)

Neonatal characteristics

NICU admission, n (%) 1 (2) 2 (4) 4 (6)

Apgar score at 5 min <7b, n (%) 0 (0) 0 (0) 0 (0)

Breastfed for >6 weeksb, n (%) 29 (52) 21 (46) 33 (51)

Signs of foetal distressd, n (%) 19 (33) 12 (26) 27 (41)

Parental characteristics

Maternal age at conception, median (range) 33.2 (27.0–40.9) 32.8 (26.2–37.5) 33.7 (23.1–40.3)

Paternal age at conceptionb, median (range) 36.4 (27.5–56.1)∗ 33.7 (28.3–47.8)∗ 35.4 (25.5–48.7)

Educational level mother highe, n (%) 20 (35) 20 (43) 31 (47)

Educational level father highb,e, n (%) 26 (48) 15 (33) 25 (38)

Cause of subfertilityf

Primary subfertility, n (%) 31 (54) 29 (63) 32 (49)

Tubal pathology, n (%) 11 (19) 9 (20) 5 (8)

Male factor, n (%) 32 (56)∗∗ 25 (54)∗ 19 (29)∗∗/∗

Other causes, n (%) 18 (32)∗ 6 (13)∗ 12 (18)

Unknown cause, n (%) 7 (12)∗∗∗ 8 (17)∗∗∗ 35 (53)∗∗∗/∗∗∗

OS-IVF/ICSI: children born following ovarian stimulation IVF or ICSI, MNC-IVF/ICSI: children born following modified natural cycle IVF or ICSI, Sub-NC: naturally conceived children
born to subfertile parents, NICU: neonatal intensive care unit.
∗ P < 0.05;∗∗P < 0.01; ∗∗∗P < 0.001 Student’s t-tests, Fisher’s exact tests and Mann–Whitney U-tests were performed to investigate differences between the groups.
aTime to pregnancy (TTP) of the three ART groups was recorded in years and months and finally converted into decimal years. In case of a miscarriage, the onset of TTP was reset;
therefore, TTP may be shorter than 1 year.
bMissing data in three groups: Use of folic acid—OS-IVF: n = 3; Apgar score at 5 min <7—MNC-IVF: n = 1, OS-IVF: n = 1; breastfed >6 weeks—OS-IVF: n = 1, Sub-NC: n = 1;
paternal age at conception—OS-IVF: n = 2, MNC-IVF: n = 1; educational level father—OS-IVF: n = 3, MNC-IVF: n = 1.
cBirthweight for gestational age is below 2 SDs compared to a Dutch reference population.
dSigns of foetal distress defined by meconium stained amniotic fluid and/or cardiotocographic signs and/or acidosis.
eUniversity education or vocational colleges.
f Couples may have more than one cause of subfertility; therefore, totals may exceed 100%.
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Table II Cognitive and behavioural outcomes at age 9 years of the Groningen ART cohort study groups.

OS-IVF/ICSI
(n = 57)

MNC-IVF/ICSI
(n = 46)

Sub-NC
(n = 66)

P-value∗

.......................................................................................................................................................................................
WASI
Total IQ, mean (95% CI) 114.7 (83.2–142.6) 113.8 (90.2–140.8) 115.1 (87.9–141.2) 0.746

Verbal IQ, mean (95% CI) 114.4 (84.2–139.8) 113.0 (89.0–144.5) 116.7 (87.9–145.3) 0.428

Performance IQ, mean (95% CI) 112.2 (86.8–139.0) 112.4 (89.0–137.8) 110.8 (88.7–139.6) 0.806

Total IQ < 80, n (%) 1 (2%) 1 (3%) 0 (0%) 0.515

Verbal IQ < 80, n (%) 1 (2%) 1 (3%) 0 (0%) 0.515

Performance IQ < 80, n (%) 1 (2%) 0 (0%) 1 (2%) 0.667

NEPSY
NEPSY total number of atypical scores, median (range) 2.0 (0–10) 2.50 (0–11) 3.00 (0–9) 0.347

NEPSY total number of atypical scores on domain attention
and executive function, median (range)

1.50 (0–10) 2.00 (0–7) 2.00 (0–6) 0.651

NEPSY total number of atypical scores on domain memory
and learning, median (range)

0.00 (0–4) 0.00 (0–3) 0.00 (0–5) 0.677

NEPSY total number of atypical scores on domain social
cognition, median (range)

0.00 (0–4) 0.00 (0–3) 0.00 (0–5) 0.677

CBCL
CBCL T score on total behaviour problems, mean (SD) 51.0 (10.58) 45.9 (10.81) 49.1 (9.54) 0.090

CBCL, T score internalising problems, mean (SD) 52.1 (10.53) 46.5 (9.39) 50.7 (10.56) 0.119

CBCL, T score externalising problems, mean (SD) 48.4 (9.95) 44.7 (10.76) 47.6 (9.62) 0.167

CBCL atypical T score total behavioural problems, n (%) 14 (25%) 4 (9%) 10 (16%) 0.116

CBCL atypical T score internalising problems, n (%) 14 (25%) 3 (7%) 13 (21%) 0.061

CBCL atypical T score externalising problems, n (%) 9 (16%) 3 (7%) 8 (13%) 0.389

TRF
TRF T score total behaviour problems, mean (SD) 49.6 (7.89) 48.6 (8.22) 50.4 (7.79) 0.507

TRF T score internalising problems, mean (SD) 51.1 (10.48) 49.6 (8.48) 49.4 (9.01) 0.760

TRF T score externalising problems, mean (SD) 47.0 (6.32) 48.9 (7.07) 50.1 (7.41) 0.072

TRF atypical T score total behavioural problems, n (%) 4 (9%) 4 (10%) 8 (14%) 0.722

TRF atypical T score internalising problems, n (%) 9 (20%) 6 (14%) 7 (12%) 0.477
TRF atypical T score externalising problems, n (%) 2 (5%) 3 (7%) 6 (10%) 0.562

CBCL: Child Behaviour Checklist, TRF: Teacher Report Form, WASI: Wechsler Abbreviated Scale of Intelligence, IQ: intelligence quotient, n: number,∗tested with Kruskall–Wallis test

children with an IQ (total, verbal or performance) below 80 was
significantly different between the three groups, nor the number of
atypical NEPSY scores (Table II). Multivariable analyses confirmed that
ART group was not associated with any of the cognitive outcome
parameters.

Univariate analyses did not show significant differences in CBCL T-
scores on total behaviour problems between ART groups (Table II).
This was also the case for CBCL T-scores on internalising and
externalising problems. In addition, no significant differences were
found in the number of atypical CBCL T-scores between groups
(Table II). This pattern was similar for the TRF T-scores (Table II).
Multivariable analyses confirmed that there were no significant relations
between ART and behavioural outcome parameters in terms of
CBCL and TRF, except for the CBCL internalising T-score, where
the MNC-IVF/ICSI group scored significantly lower (i.e. behaviourally
better) than the OS-IVF/ICSI and the Sub-NC group (adjusted
regression coefficient (95% CI): OS-IVF/ICSI versus MNC-IVF/ICSI
6.36 (2.19–10.53), MNC-IVF/ICSI versus Sub-NC −4.76 (−8.74 to
–0.77)).

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Effects of TTP
There was no significant correlation between TTP and total, verbal
and performance IQ (Spearman rho −0.096, −0.057 and −0.096,
respectively; NS). TTP was also not significantly correlated to the
number of atypical NEPSY scores (Spearman rho 0.041, P = 0.630).
Univariable statistics also indicated that TPP was not associated with
the behavioural outcomes in terms of CBCL and TRF scores (Spear-
man rho correlations ranging from −0.050 to 0.049, NS). Multivariable
analyses confirmed that TTP was not associated with any of the
cognitive and behavioural outcome parameters (Table III).

Discussion
The current study did not find an effect of ART, i.e. the OS, the in
vitro laboratory procedures or the combination of both, on cognitive
and behavioural outcome in children at age 9 years. Assessments were
performed with WASI (total, verbal and performance IQ), NEPSY-II,
CBCL and TRF. The only exception to this was the finding of slightly
better CBCL internalising scores in favour of the MNC-IVF/ICSI group
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Table III Multiple regression analyses of the effect of OS, the in vitro procedure, a combination of both and TTP on IQ,
NEPSY, CBCL and TRF.

Outcome
variable

Adjusted regression coefficient (95% CI)
.........................................................................................................................................................

OS-IVF/ICSI versus
MNC IVF/ICSI

MNC-IVF/ICSI versus
Sub-NC

OS-IVF/ICSI versus
Sub-NC

TTP (in the pooled
subfertile group)

.......................................................................................................................................................................................
Total IQa 2.57 (−3.54–8.67) −1.37 (−7.17–4.42) 1.19 (−4.42–6.81) −0.88 (−1.71–0.50)

Verbal IQb 3.93 (−2.71–10.58) −3.71 (−10.02–2.60) 0.22 (−5.90–6.34) −0.43 (−1.54–0.88)

Performance IQ 0.78 (−5.69–7.25) 1.21 (−5.00–7.41) 1.39 (−4.51–7.29) −1.42 (−2.01–0.33)

NEPSYc −0.78 (−1.82–0.26) −0.17 (−1.14–0.80) −0.95 (−1.91–0.01) −0.04 (−0.23–0.15)

CBCL T total 4.84 (0.79–8.89) −2.79 (−6.78–1.19) 2.05 (−1.64–5.73) 0.09 (−0.30–1.15)

CBCL T
internalizingd

6.36 (2.19–10.53)∗ −4.76 (−8.74–0.77)∗ 1.60 (−2.11–5.32) 0.45 (−0.28–1.18)

CBCL T
externalizinge

3.89 (−0.02–7.81) −2.81 (−6.66–1.04) 1.08 (−2.46–4.62) 0.21 (−0.48–0.89)

TRF T totalf 1.41 (−1.94–4.76) −1.59 (−4.69–1.51) −0.18 (−3.30–2.95) −0.04 (−0.61–0.53)

TRF T
internalizingg

2.22 (−1.74–6.17) 0.51 (−3.16–4.18) 2.73 (−0.97–6.42) −0.05 (−0.63–0.72)

TRF T
externalizingh

−1.58 (−4.52–1.36) −0.50 (−3.26–2.27) −2.08 (−4.85–0.70) 0.08 (−0.42–0.58)

∗P < 0.05.
aCorrected for educational level of mother.
bCorrected for educational level of mother and gender.
cTotal number of atypical NEPSY scores. Corrected for gender, vanishing twin, Caesarian section and Apgar score 5 min.
dART group: no significant covariates, TTP: corrected for age of father.
eART groups: corrected for prematurity, foetal distress and age of mother. TTP: corrected for foetal distress and age of mother.
f Corrected for gender and vanishing twin.
gCorrected for vanishing twin.
hCorrected for vanishing twin and birthweight.

compared with the OS-IVF/ICSI and Sub-NC groups. In addition, we
found that TTP was not associated with any of our cognitive and
behavioural outcome parameters. These are reassuring results for both
clinicians and parents involved in ART.

Our findings correspond with the majority of the literature (e.g.
Cederblad et al., 1996; Wagenaar et al., 2008, 2009b; Bay et al., 2014;
Fauser et al., 2014; Barbuscia and Mills, 2017), where no excess of
abnormalities in cognitive development was found for children born
after ART. We did find quite a high average IQ in our study group
of 115 (SD 14.6), which is probably related to the relatively high
educational level of the parents of our study group (41% of the
parents had higher professional education or university education),
which is often the case in this specific population of parents (Mac
Dougall et al., 2012). Most studies, including our current results,
also did not show clear consistent effects of ART on behavioural
development (Cederblad et al. 1996; Wagenaar et al., 2008; Bay
et al., 2014; Fauser et al., 2014, Barbuscia et al., 2019). These finding
are in line with our earlier findings in the Groningen ART cohort
at an age of 4 years (Schendelaar et al., 2016). An exception to
this is the study by Wagenaar et al., (2009a, b) who found less
externalising behaviour reported by the parents and more withdrawn
and depressed behaviour rated by teachers in IVF children compared
with a subfertile reference group. We did not find this, which could
be due to the fact that in their study, the children were assessed
at a later age (9–18 years) than in our study, and these types of
behaviour might possibly become more pronounced in the teenage
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years compared with the younger age-range. In contrast, we found
lower CBCL internalising scores in the MNC-IVF/ICSI group compared
with the OS-IVF/ICSI and Sub-NC groups. This probably reflects the
special selection of parents who were able to complete the MNC-
IVF/ICSI trajectory, as the MNC-trajectory requires long-lasting co-
operation and perseverance of the parents (Pelinck et al., 2007).
These parental characteristics may be associated with specific child-
rearing attitudes and/or perception of child behaviour; perhaps the
latter characteristic is most important as the advantage in internalising
behaviour of the MNC-IVF/ICSI group was absent in the teachers’
reports.

In our earlier studies in the Groningen ART cohort, we found that
at the age of 4 years, the presence of subfertility, regardless of the
application of ART, was associated with less optimal cognitive and
behavioural outcomes (Schendelaar et al., 2016), although the absolute
IQ differences and CBCL score differences between the study and
fertile reference groups were small. A limitation of the current study
is the lack of a fertile reference group to compare the cognitive
and behavioural data of the subfertile group to. Nevertheless, the
CBCL and TRF scores of our 9-year olds are in line with those of a
non-referred normative sample of Achenbach and Rescoria (2001),
indicating that the incidence of behavioural difficulties is at least within
the normal range.

One of the main strengths of the Groningen ART cohort study is the
study design, with two ART groups (OS-IVF/ICSI and MNC-IVF/ICSI)
and a subfertile reference group, which allows for disentangling the
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effects of OS and the in vitro laboratory procedures on developmental
outcome. The current results indicate that both OS and the IVF
laboratory procedures were not associated with worse cognitive or
behavioural outcome at the age of 9 years. Another strength of this
study is the long-term follow-up duration up to the age of 9 years,
which is longer than in the majority of ART research (Rumbold et al.,
2017).

The attrition rate of 21% may be considered as a limitation of
the study; however, after a follow-up period of 9 years, this rate is
generally considered as acceptable (Fewtrell et al., 2008). In addi-
tion, there were no significant differences in background character-
istics between children who had and who did not have follow-up
at the age of 9 years, making an attrition-related selection bias less
likely.

Another limitation of the study is the relatively small sample size,
which in itself also could contribute to selection bias and thereby
hamper generalizability to the ART population. Also, it could lead to
false negative findings as a result of underpowering. It would have
been good to base the group sizes of our study on an a priori power
analysis; however, as it was a longitudinal follow-up study, we had
to deal with the groups formed on the basis of power calculations
of the outcome at younger age. An a priori power analysis on total
IQ indicated that both groups should contain 64 children (alpha 0.05,
effect size 0.50, power 0.80), confirming that our study including 57
and 66 children in the OS-IVF/ICSI and Sub-NC groups, respectively,
was slightly underpowered.

Concluding Remarks
This study did not find adverse effects of OS and the in vitro laboratory
procedures on cognitive and behavioural outcome of children at the
age of 9 years. In addition, TTP was not associated with cognition
and behaviour at 9 years of age. These are reassuring results for
the parents and clinicians involved in ART. Further studies should
address follow-up beyond the age of 9 years. The period of puberty
is important in brain development, as it involves great structural and
functional changes, to prepare for adult-level functioning (Hadder-
s-Algra, 2003; Herting et al., 2017). Therefore, and notwithstanding
the favourable findings of the present study, we strongly recom-
mend extending the follow-up beyond this age into adolescence and
adulthood.

Supplementary data
Supplementary data are available at Human Reproduction online.
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