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STUDY QUESTION: Does mental health and behaviour differ between those conceived with and those conceived without ART?

SUMMARY ANSWER: Our study observed less externalizing behaviour (delinquent/aggressive), and more parent-reported internalizing
behaviour, as well as more (clinical) depression at age 14 years, in adolescents conceived after ART compared to their non-ART
counterparts.

WHAT IS KNOWN ALREADY: Health outcomes of ART-conceived offspring may differ from those conceived without ART, and
previous studies have reported differences in behaviour and mental health, particularly in childhood.

STUDY DESIGN, SIZE, DURATION: The Growing Up Healthy Study (GUHS) is a prospective cohort study, investigating the
long-term health of offspring conceived after ART (aged 14, 17 and 20 years), in the two operational fertility clinics in Western Australia
1991–2001 (n¼ 303). Their long-term health outcomes were compared to those of offspring conceived without ART from the Raine
Study Generation 2 (Gen2) born 1989–1991 (n¼ 2868). Both cohorts are representative of the local adolescent population.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Mental health parameters and behaviour were assessed at ages 14 and
17 years, through the parent completed ‘Child Behaviour Checklist’ (CBCL; ART versus non-ART: age 14 years: N¼ 150 versus N¼ 1781,
age 17 years: N¼ 160 versus N¼ 1351), and the adolescent completed equivalent ‘Youth Self-Report’ (YSR; age 14 years: by N¼ 151
versus N¼ 1557, age 17 years: N¼ 161 and N¼ 1232). Both tools generate a T-score (standardized for age and sex) for internalizing
(withdrawn, somatic complaints, anxious/depressed), externalizing (delinquent/aggressive behaviour) and total behaviour. Adolescents
also completed the ‘Beck Depression Inventory for Youth’ (BDI-Y; age 14 years: N¼ 151 versus N¼ 1563, age 17 years: N¼ 161 versus
N¼ 1219). Higher scores indicate poorer mental health and behaviour on all the above tools. Parent-reported doctor-diagnosed
conditions (anxiety, behavioural problems, attention problems and depression) were also univariately compared between the cohorts.
In addition, univariate comparisons were conducted between the GUHS adolescents and Gen2 adolescents born to subfertile parents
(time to pregnancy >12 months), as well as between offspring born to subfertile versus fertile parents within the Gen2 cohort. A subgroup
analysis excluding offspring born preterm (<37 weeks’ gestation) or at low birthweight (<2500 g) was also performed. Generalized esti-
mating equations that account for correlated familial data were adjusted for the following covariates: non-singleton, primiparity, primary
caregiver smoking, family financial problems, socio-economic status and both maternal and paternal ages at conception.

MAIN RESULTS AND THE ROLE OF CHANCE: At both 14 and 17 years of age, ART versus non-ART-conceived adolescents
reported lower mean T-scores for externalizing problems (age 14 years: 49 versus 51, P¼ 0.045, age 17 years: 49 versus 52, P< 0.001).
A similar effect was reported by parents, although not significant (age 14 years: P¼ 0.293, age 17 years: P¼ 0.148). Fewer ART-conceived
adolescents reported a T-score above the clinical cut-off for externalizing behaviour (�60; age 14 years: 7.3% versus 16.3%, P¼ 0.003, age
17 years: 8.1% versus 19.7%, P< 0.001). At both ages, no differences in internalizing behaviour were reported by adolescents
(age 14 years: P¼ 0.218, age 17 years: P¼ 0.717); however, higher mean scores were reported by parents of the ART-conceived
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adolescents than by parents of the non-ART conceived adolescents (age 14 years: 51 versus 48, P¼ 0.027, age 17 years: 50 versus
46, P< 0.001). No differences in internalizing behaviour above the clinical cut-off (T-score � 60) were observed. At age 17 years, parents
who conceived through ART reported higher total behaviour scores than those parents who conceived without ART (48 versus
45, P¼ 0.002). At age 14 years, ART versus non-ART-conceived adolescents reported significantly higher mean scores on the BDI-Y
(9 versus 6, P¼ 0.005); a higher percentage of adolescents with a score indicating clinical depression (�17; 12.6% versus 8.5%, aOR 2.37
(1.18–4.77), P¼ 0.016), as well as more moderate/severe depression (�21; 9.3% versus 4.0%, P¼ 0.009). At age 17 years, no differences
were reported on the BDI-Y. There was also a higher percentage of parent-reported doctor-diagnosed anxiety in the ART cohort (age
14 years: 8.6% versus 3.5%, P¼ 0.002, at age 17 years: 12.0% versus 4.5%, P< 0.001). Removing adolescents born preterm or at low birth-
weight did not alter the above results. Comparing outcomes between GUHS adolescents and Gen2 adolescents born to subfertile parents,
as well as between those born to subfertile versus fertile parents within Gen2, did not alter results for CBCL and YSR outcomes. Those
born to subfertile parents showed higher rates of clinical depression than those born to fertile parents at age 14 years (13.7% versus 6.9%,
P¼ 0.035).

LIMITATIONS, REASONS FOR CAUTION: The main limitation of the study is the time difference between the GUHS and Gen2
assessments. Even though we have adjusted for covariates, additional socio-economic and lifestyle factors affecting behaviour and mental
well-being could have changed. We were unable to differentiate between different types of ART (e.g. IVF versus ICSI), owing to the low
number of ICSI cycles at the time of study. Fertility sub-analyses need to be replicated in larger cohorts to increase power, potentially using
siblingship designs. Lastly, selection bias may be present.

WIDER IMPLICATIONS OF THE FINDINGS: The reported lower prevalence of externalizing behaviour (delinquent/aggressive), and
higher prevalence of internalizing behaviour, as well as more (clinical) depression at age 14 years, in ART versus non-ART-conceived ado-
lescents, is in line with some previous studies, mostly conducted in childhood. It is reassuring that differences in the rates of depression
were not observed at age 17 years, however, these findings require replication. As the use of ART is common, and mental health disorders
are increasing, knowledge about a potential association is important for parents and healthcare providers alike.

STUDY FUNDING/COMPETING INTEREST(S): This project was funded by an NHMRC Grant (Hart et al., ID 1042269). R.J.H. is
the Medical Director of Fertility Specialists of Western Australia and a shareholder in Western IVF. He has received educational sponsor-
ship from MSD, Merck-Serono and Ferring Pharmaceuticals. P.B. is the Scientific Director of Concept Fertility Centre, Subiaco, Western
Australia. J.L.Y. is the Medical Director of PIVET Medical Centre, Perth, Western Australia.

TRIAL REGISTRATION NUMBER: N/A.

Key words: ART / IVF/ICSI outcome / long-term outcomes / mental health / behaviour / depression / Youth Self-Report / Child
Behaviour Checklist / Beck Depression Inventory for Youth

Introduction
The use of ART is commonplace in many Western countries, with
one in six couples experiencing fertility problems at some point dur-
ing their reproductive life (Farquhar and Marjoribanks, 2018).
Worldwide, over 8 million children have been born after conception
with ART and currently 1 in 20 children born in Australia are con-
ceived using such techniques (Fauser, 2019; Newman et al., 2020).
With a greater risk of adverse short-term health outcomes in these
offspring, such as congenital malformations, imprinting disorders,
preterm birth (PTB) and low birthweight (LBW), increasingly studies
are investigating their longer-term health beyond early childhood
(Schieve et al., 2002; Pandey et al., 2012; Vermeiden and Bernardus,
2013; Declercq et al., 2015; Qin et al., 2015). Because of a greater
risk of such adverse perinatal outcomes, particularly congenital mal-
formations and cerebral palsy, it makes sense to investigate the lon-
ger term mental and psychological health of these offspring (Ludwig
et al., 2006; Hvidtjorn et al., 2009; Hansen et al., 2013; Pinborg
et al., 2013). LBW, being small for gestational age and PTB are all
associated with neurodevelopmental disorders (Largo et al., 1989;
Hutton et al., 1997; Arcangeli et al., 2012), which could explain a
potential association between conception after ART and these out-
comes. Another potential explanation could be the epigenetic alter-
ations that have been shown to occur in the gametes and embryos

during the vulnerable window of conception in ART pregnancies,
which can in turn have long-term health effects in the child (Jiang
et al., 2017; Fleming et al., 2018; Roseboom, 2018).

Studies to date investigating mental health show conflicting results
and have mainly focussed on the earlier years of life. Wilson et al.
reviewed the psychosocial health outcomes in adolescents conceived
by ART in a review of 17 studies, of which 10 studies investigated psy-
chosocial health, and 5 of these 10 studies investigated behaviour.
Although results were conflicting, most of the studies concluded that
ART offspring do well cognitively and psychologically (Wilson et al.,
2011). Studies investigating the prevalence of attention deficit hyperac-
tivity disorder (ADHD) in ART-conceived offspring show contradicting
results, however there is some evidence of a higher prevalence of
ADHD in such offspring (Wagenaar et al., 2009b; Beydoun et al.,
2010). It is unclear whether this is due to the ART treatment itself, or
the underlying infertility and intrinsic factors of couples needing ART
(Kallen et al., 2011; Bay et al., 2013; Svahn et al., 2015). Most studies
investigating mental and emotional well-being of offspring conceived af-
ter ART report reassuring findings, but some studies report an in-
crease in adverse outcomes, specifically in depression, which requires
further research (Hart and Norman, 2013). A large Swedish study
reported an increase in behavioural problems as hospital discharge di-
agnosis in ART-conceived offspring (Kallen et al., 2005), whereas other
studies report no differences in behaviour between ART and non-ART
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conceived offspring (Barbuscia et al., 2019; Heineman et al., 2019). A
recent study reported reassuring findings considering social and mental
health in ART-conceived offspring; however, the risk for mental disor-
ders increased when adjusting for the favourable family sociodemo-
graphic characteristics of the ART cohort (Remes et al., 2022). The
majority of studies to date were carried out in younger children, and
there is a paucity of longer term follow-up. Yet many mental health
problems do not fully emerge until adolescence (Paus et al., 2008).

Considering the evidence to date, and for the purpose of this study,
we studied adolescents and focussed particularly on behaviour that
can be assessed using the Youth Self-Report (YSR) as well as the Child
Behaviour Checklist (CBCL), such as depressed and anxious behav-
iour, as well as attention problems. We further assessed (severity of)
depression using the Beck Depression Inventory for Youth (BDI-Y). In
addition, the prevalence of parent-reported diagnosed mental health
conditions was compared between the cohorts. This study was
achieved by comparing two population-based Australian studies,
where a cohort of ART-conceived adolescents replicated the same
assessments undertaken by their non-ART counterparts, from within
the same geographical region. Compared to the limited other studies
investigating mental health and behaviour in ART-conceived adoles-
cents, this study uses both parent and adolescent data as well as differ-
ent (validated) measurement tools, and therefore adds to the existing
knowledge.

Materials and methods
Mental health outcomes were compared between adolescents con-
ceived after ART from the Growing Up Healthy Study (GUHS) and
adolescents conceived without ART from the Raine Study Generation
2 (Gen2).

ART cohort
The GUHS is a prospective cohort study, which aimed to recruit
all adolescents and young adults conceived through ART and born
1991–2001 in the two operational fertility clinics in Perth, Western
Australia, Australia (PIVET Medical Centre and CONCEPT
Fertility Centre). The n¼ 303 included adolescents who completed
various health assessments between 2013 and 2017 at ages 14, 17
and 20 years. Depending on age at enrolment, participants completed
assessments at one or two of the follow-ups. Mental health assess-
ments were conducted through questionnaires at ages 14 and
17 years. The full recruitment process can be viewed in Fig. 1. The
GUHS participants replicated the assessments previously completed
by adolescents conceived without ART from the Raine Study. Because
only n¼ 64 of the GUHS adolescents completed assessments at both
the 14- and 17-year follow-up, outcomes have been analysed sepa-
rately per age group. To account for those 64 who undertook both
follow-ups, a sensitivity analysis of those with repeated measures has
been performed. Mental health assessments were completed by
n¼ 151 and n¼ 164 age-eligible participants, and n¼ 150 and n¼ 163
primary caregivers, at the 14- and 17-year follow-ups, respectively.
After the exclusion of n¼ 3 participants conceived through gamete in-
trafallopian transfer (GIFT) from the 17-year follow-up, results from
n¼ 161 participants and n¼ 160 primary caregivers at age 17 were

used in this study. These participants were conceived through IVF
(n¼ 174) and ICSI (n¼ 60), of which n¼ 141 were fresh embryo
transfers (ETs) and n¼ 93 were frozen ETs. ART status could not be
confirmed for n¼ 15 participants.

Non-ART cohort
Adolescents from the Raine Study were used for the cohort of partici-
pants who were not conceived after ART (i.e. naturally conceived).
The Raine Study was established to investigate the safety and effects
of ultrasound on the foetus, and recruited pregnant women in
Western Australia between 1989 and 1991 (https://www.rainestudy.
org.au; Newnham et al., 1991). A total n¼ 2868 children born to
n¼ 2804 mothers formed Generation 2 (Gen2) of the Raine Study.
The Gen2 participants have completed health assessments at regular
intervals from birth to early adulthood, to investigate the effect of peri-
natal health on subsequent childhood and adult health (Straker et al.,
2017). The cohort has a current follow-up rate of 70%, including 1800
participants just over the age of 30. The Raine Study adolescents have
been recognized to be representative of the Western Australian ado-
lescent population at the time of assessments (Robinson et al., 2010).

Figure 1. Flowchart of study recruitment process of
the Growing Up Healthy Study. GUHS, Growing Up Healthy
Study; GIFT, Gamete intrafallopian transfer; YSR, Youth Self-Report;
CBCL, Child Behaviour Checklist; BDI-Y, Beck Depression Inventory
for Youth.
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The 14- and 17-year follow-up including mental health assessments
were completed by n¼ 1557 and n¼ 1236 Gen2 participants, and
n¼ 1781 and n¼ 1355 primary caregivers, respectively (2003–2005
and 2006–2009). After the exclusion of n¼ 3 participants conceived
after IVF and n¼ 1 participant conceived after GIFT from the 17-year
follow-up, results from n¼ 1232 Gen2 participants and n¼ 1351 pri-
mary caregivers at age 17 years were used in this study. The BDI-Y
was completed by n¼ 1563 participants at age 14 and n¼ 1219 par-
ticipants at age 17 years.

Assessments
Mental health assessments
At the 14- and the 17-year follow-up, primary caregivers of both
cohorts completed the CBCL, and adolescents completed the equiva-
lent YSR. The CBCL and YSR are frequently used, validated and stan-
dardized questionnaires, recognized to reliably measure behaviour of
the adolescents during the preceding 6 months (Achenbach, 1991;
Zubrick et al., 1997). They consist of 118 items on behaviour and
emotional problems, which are all scored on a three-point scale: not
true (¼0), somewhat or sometimes true (¼1) and very true or very
often true (¼2). By adding up item scores, both questionnaires pro-
duce raw scores for eight problem scales, which are then translated to
internalizing, externalizing and total (problem) behaviour scores, and
were transformed into T-scores (standardized for age and sex), with
higher scores indicating more problems. The eight problem scales are:
withdrawn, somatic complaints, anxious/depressed, social problems,
thought problems, attention problems, delinquent behaviour and ag-
gressive behaviour. Withdrawn, somatic and depressed/anxious be-
haviour were scored into internalizing problems, and delinquent and
aggressive behaviour into externalizing problems (Achenbach, 1991).
Continuous T-scores for internalizing, externalizing and total behaviour,
as well as raw problem scale scores were compared between the
cohorts. The percentage of participants with a score above the recom-
mended clinical cut-off of T-score �60 was also compared between
the cohorts (Achenbach, 1991).

Participants also completed the BDI-Y at ages 14 and 17 years. The
BDI-Y is a well-established and validated 20-item questionnaire assess-
ing the feelings experienced over the 2 weeks preceding completion of
the questionnaire. The total raw score is calculated by adding up all 20
item scores (range 0–60), with higher scores reflecting the presence of
more depressive symptoms (Beck et al., 2001). We further compared
the cohort percentages with scores in the normal range (�16) and
with scores suggesting mild depressive symptoms (17–20) and moder-
ate/severe depressive symptoms (�21), following the recommended
clinical cut-offs (Beck et al., 2001).

Questionnaire data
Further data collected from primary caregiver completed question-
naires included information regarding doctor-diagnosed conditions
(specifically anxiety, attention problems, behavioural problems and de-
pression), parental mental health, family financial problems in preceding
year, maternal and paternal age at conception, and primary caregiver
smoking. Socio-economic status (SES) at date of assessment is based
on postcodes and reported as advantage–disadvantage deciles based
on the Socio-Economic Indexed for Areas scores for Western
Australia, from the Australian Bureau of Statistics (from lowest score

of 1 to the highest score of 10; Australian Bureau of Statistics, 2006,
2011, 2016). For presentation, we transformed deciles into quintiles
(from lowest score of 1 to highest score of 5). For the Gen2 partici-
pants, information regarding type of conception and pregnancy out-
comes (i.e. time to pregnancy (TTP), birthweight (BW), gestational
age (GA), parity and plurality) was collected via midwives and clinical
records of the birthing hospital.

Primary outcomes of this study were the T-scores (continuous and
categorical) of internalizing, externalizing and total behaviour, from the
CBCL, YSR and BDI-Y scales, and secondary outcomes were problem
scales derived from the CBCL and YSR, as well as parent-reported
doctor-diagnosed conditions.

Fertility clinic records
For GUHS participants, information regarding IVF cycle of interest and
pregnancy outcomes (GA, BW, birth length and multiplicity) was col-
lected from clinical records from Concept Fertility Centre and PIVET
Medical Centre. The Midwives Notification System from the Western
Australian Department of Health provided additional pregnancy out-
comes for the GUHS participants, as fertility clinics do not always hold
information regarding pregnancy outcomes.

Ethical approvals
The GUHS received ethical approval from the Human Research Ethics
Office (HREC) of University of Western Australia (RA/4/1/5860) and
from the Human Research Ethics Committee of the Department of
Health in Western Australia (project number 2013/25). Informed and
written consent was obtained from participating families at each
follow-up. Each Raine Study follow-up was approved by the HREC of
the University of Western Australia.

Statistical analyses
Univariate comparisons between the cohorts were evaluated by
Student’s t-test and Mann–Whitney U-test for continuous outcomes,
and Chi2 or Fisher’s exact test for categorical outcomes. Adjusted
analyses were performed using generalized estimating equations with
individual families modelled as random effects and adjusted for: non-
singleton, primiparity, sex, primary caregiver smoking, family financial
problems in preceding year, SES and maternal and paternal age at con-
ception. Subgroup analyses among adolescents born at term
(>37 weeks of gestation) and/or with a BW above 2500 g were per-
formed. To attempt controlling for subfertility, additional subgroup
analyses compared outcomes between the GUHS participants and
Gen2 participants born to subfertile couples (TTP > 12 months), as
well as between Gen2 participants born to subfertile versus fertile
parents. Means or odds ratios (ORs) together with their 95% CI were
reported to summarize the effects of continuous and categorical out-
comes, respectively. A sensitivity analysis was conducted on those par-
ticipants with repeated measures at both ages (14 and 17 years).
Agreement between parents and adolescents was assessed using the
Pearson Correlation Coefficient for continuous outcomes, and
McNemar’s Tests for binary outcomes, in each cohort separately. No
adjustments for multiple testing were applied in accordance with the
recommendations of the American Statistical Association (Lew, 2016;
Wasserstein and Lazar, 2016). All analyses were performed using SPSS
version 28.0. (IBM Corp., Armonk, NY, USA) P< 0.05 was consid-
ered significant.
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Results

Demographic characteristics
Demographic differences are shown in Table I. The following differen-
ces were detected at both ages in the ART versus non-ART cohort:
lower BW and GA, more multiples and primiparity, higher maternal
and paternal age, and fewer smokers among primary caregivers. No
differences were detected in sex distribution and previous maternal
mental health problems. At the 14-year follow-up, the ART partici-
pants were older and no significant differences in SES are reported. At
the 17-year follow-up, the ART participants were younger, had a
more disadvantaged SES, with fewer smokers and fewer reporting
binge drinking.

YSR reports
YSR results at ages 14 and 17 years are shown in Table II. At age
14 years, lower externalizing behaviour T-scores were found among
the ART-conceived adolescents (49 versus 51, P¼ 0.045) in adjusted
analyses. No differences between the cohorts were reported in ad-
justed analyses in continuous T-scores and T-scores �60 for internaliz-
ing, externalizing and total behaviour.

At age 17 years, lower externalizing behaviour T-scores were
reported in the ART cohort (49 versus 52, P< 0.001) in adjusted anal-
yses. Fewer ART-conceived adolescents had a T-score �60 for exter-
nalizing behaviour in univariate analysis (8.1% versus 19.7%, P< 0.001),
and after adjustment (aOR 0.44 (0.23–0.82), P¼ 0.010). No differen-
ces in internalizing or total behaviour were reported in continuous T-
scores or T-score �60 in adjusted analyses.

Univariate comparisons of problem scales at age 14 years demon-
strated lower raw scores among ART-conceived adolescents for delin-
quent and aggressive behaviour (2.2 versus 2.9 (out of a total of 26),
P< 0.001; and 6.5 versus 8.2 (out of a total of 40), P< 0.001, respec-
tively). At age 17, lower raw scores amongst GUHS adolescents were
found for delinquent and aggressive behaviour (2.7 versus 4.9 (out of a
total of 26), P< 0.001; and 6.0 versus 9.2 (out of a total of 40),
P< 0.001, respectively), as well as for somatic complaints (2.9 versus
4.3 (out of a total of 18), P¼ 0.023) and thought problems (2.3 versus
3.4 (out of a total of 14), P< 0.001). These univariate comparisons
are not shown in tables.

CBCL reports
CBCL results at ages 14 and 17 years are shown in Table III. At age
14, parents reported higher mean T-scores for internalizing behaviour
in adjusted analyses (51 versus 48, P¼ 0.027). No differences were
reported in adjusted analyses for externalizing and total behaviour con-
tinuous T-scores, or T� 60 for internalizing, externalizing or total
behaviour.

At age 17 years, a higher mean T-score for internalizing behaviour
(50 versus 46, P< 0.001), and for total behaviour (48 versus 45,
P¼ 0.002) was reported in adjusted analyses. No differences were
seen in adjusted analyses in continuous T-scores for externalizing be-
haviour, or in T� 60 for internalizing, externalizing or total behaviour.

Univariate comparisons of problem scales at age 14 years demon-
strated lower raw scores among ART-conceived adolescents reported
by parents for somatic complaints (2.3 versus 1.4 (out of a total of

18), P< 0.001) and delinquent and aggressive behaviour (0.9 versus
1.5 (out of a total of 26), P¼ 0.003; and 3.9 versus 5.5, P< 0.001
(out of a total of 40), respectively), as well as for withdrawn and anx-
ious/depressed behaviour (1.6 versus 1.7 (out of a total of 18),
P¼ 0.042; and 2.0 versus 2.5 (out of a total of 28), P¼ 0.025, respec-
tively). At age 17 years, lower raw scores for ART-conceived adoles-
cents were reported by parents for delinquent behaviour (0.9 versus
1.4 (out of a total of 26), P< 0.001), and higher raw scores were
reported by parents of ART-conceived adolescents for somatic com-
plaints (1.9 versus 1.1 (out of a total of 18), P< 0.001) and attention
problems (1.8 versus 1.3 (out of a total of 22), P< 0.001). These uni-
variate comparisons are not shown in tables.

Beck Depression Inventory for Youth
BDI-Y results are shown in Table IV. Raw BDI-Y scores at age
14 years were higher in the ART cohort in both univariate analysis
(P¼ 0.011), and after adjustment (9 versus 6, P¼ 0.005). More ART
offspring had BDI-Y scores above the clinical cut-point of 17 after
covariate adjustment (12.6% versus 8.5%, P¼ 0.093, aOR 2.37
(1.18–4.77), P¼ 0.016). Further categorization of BDI-Y> 17 showed
a higher percentage of ART offspring scored above 21, indicating mod-
erate/severe depression (9.3% versus 4.0%, P¼ 0.009).

These differences were not detected at age 17 years, where raw
scores were similar between the cohorts (P¼ 0.950) and prevalence
of clinical depression symptoms did not differ (P¼ 0.671).

Other diagnosed mental health conditions
Univariate comparisons of parent-reported diagnosed conditions at
both ages are shown in Table V and revealed anxiety to be more of-
ten diagnosed in the ART versus the non-ART cohort (age 14: 8.6%
versus 3.5%, P¼ 0.002, at age 17 years: 12.0% versus 4.5%,
P< 0.001). No differences in attention problems, behavioural prob-
lems and depression were evident at both ages.

The sensitivity analyses of those individuals with repeated measures
(i.e. partaking in assessments both follow-ups; GUHS: n¼ 64, Gen2:
YSR: n¼ 1112, CBCL: n¼ 1245 and BDI-Y: n¼ 1105) did not alter
the results (data not shown).

Correlation coefficients between parent (CBCL) and adolescent
(YSR) answers in the GUHS ranged from 0.4 to 0.6, and in the Raine
Study Gen2 from 0.3 to 0.4. The GUHS appeared to have stronger
correlations on the McNemar’s Test for YSR and CBCL T-scores �
60, than the Raine Study (data not shown).

ART versus non-ART among term offspring with BW >2500 g
All outcomes were also analysed with participants born preterm
(<37 weeks; GUHS n¼ 58, Gen2 n¼ 203) and/or with LBW (<2500
g; GUHS n¼ 33, Gen2 n¼ 159) removed from analyses. This did not
alter the results (data not shown).

GUHS versus Gen2 born to subfertile parents
When comparing outcomes between the GUHS and Gen2 partici-
pants born to subfertile parents (TTP >12 months; age 14 years:
n¼ 82, age 17 years: n¼ 73) to minimize the effect of the underlying
subfertility, the YSR and CBCL outcomes at both ages were the same
as when comparing GUHS to the full Gen2 cohort, although some lost
significance because of a lack of power, while the magnitude of others
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Table I Demographic characteristics of the ART (GUHS) and non-ART (Gen2) cohorts, presented separately for age 14 and
17 years.

Demographics age 14 years ART (152) Non-ART (1820) P-value

Sex (male) 70 (46.1%) 932 (51.2%) 0.222

Age (years) 14.8 (14.0–15.5) 14.1 (14.0–14.2) <0.001

[13.1–16.1] [13.0–15.8]

Birthweight (g) 3165 (2775–3546) 3375 (3005–3690) <0.001

[970–4470] [750–5550]

Birthweight (z-score) 0.1 (�0.6 to 0.6) 0.1 (�0.5 to 0.6) 0.968

[�3.1 to 8.4] [�2.9 to 3.7]

Birth length (cm) 49.0 (47.0–51.0) 49.0 (48.0–50.5) 0.267

[34.0–56.0] [30.5–57.0]

Gestational age (weeks) 38.4 (36.5–39.4) 39.6 (38.4–40.6) <0.001

[26.9–42.0] [23.6–42.9]

Parity

Primiparous 92 (60.5%) 843 (46.3%) <0.001

Plurality

Multiples 42 (27.6%) 82 (4.5%) <0.001

Height (m) 1.71 (1.63–1.76) 1.64 (1.60–1.70) <0.001

[1.48–1.91] [1.19–1.90]

Weight (kg) 58.4 (51.8–68.2) 55.4 (48.8–63.8) <0.001

[33.7–113.7] [27.9–135.4]

BMI (m2/kg) 20.2 (18.5–22.7) 20.4 (18.5–23.0) 0.769

[14.7–37.3] [14.0–43.8]

Maternal age at conception 33.9 (31.1–36.3) 28.2 (24.0–32.1) <0.001

[23.3–45.0] [14.5–42.9]

Paternal age at conception 37.0 (34.0–41.0) 30.0 (26.0–35.0) <0.001

[24.0–51.0] [15.0–62.0]

Mother ever mental health problems 38 (25.2%) 472 (27.1%) 0.608

Primary caregiver smoking at time of assessment 7 (4.6%) 410 (22.9%) <0.001

SES based on SEIFA

1st Quintile 6 (4.0%) 112 (7.2%)

2nd Quintile 22 (14.8%) 169 (10.8%)

3rd Quintile 23 (15.4%) 216 (13.8%) 0.141

4th Quintile 25 (16.8%) 360 (23.0%)

5th Quintile 73 (49.0%) 706 (45.2%)

Family financial problems in last year 39 (27.1%) 698 (39.3%) 0.004

Demographics age 17 years ART (163) Non-ART (1642) P-value

Sex (male) 84 (51.5%) 818 (49.8%) 0.676

Age (years) 16.8 (16.4–17.6) 17.0 (16.9–17.2) <0.001

[15.6–19.3] [14.2–18.9]

Birthweight (g) 3200 (2805–3545) 3375 (3015–3690) <0.001

[970–4620] [750–5550]

Birthweight (z-score) 0.1 (�0.5 to 0.6) 0.1 (�0.5 to 0.6) 0.762

[�2.4 to 8.4] [�2.6 to 3.7]

Birth length (cm) 49.0 (47.0–51.0) 49.0 (48.0–50.5) 0.107

[34.0–55.0] [30.5–57.0]

Gestational age (weeks) 38.4 (36.9–39.9) 39.6 (38.4–40.6) <0.001

[26.9–42.3] [23.6–42.9]

Parity

Primiparous 112 (68.7%) 780 (47.5%) <0.001

(continued)
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..increased. This means that differences seen in the full cohort are po-
tentially not explained by the underlying subfertility. This is supported
by the comparison between Gen2 participants born to subfertile ver-
sus fertile parents (age 14 years: n¼ 82 versus n¼ 806, age 17 years:
n¼ 73 versus n¼ 693), which did not demonstrate differences for
CBCL and YSR outcomes between those born to subfertile and to fer-
tile parents.

The higher rate of depression in the GUHS at age 14 years, which is
seen in the full cohort analysis, was not present when comparing
GUHS to Gen2 participants born to subfertile parents. This means
that this factor (depression) is potentially associated with the underly-
ing subfertility, rather than with the ART treatment itself. This is fur-
ther underlined by the fact that Gen2 participants born to subfertile
parents had a higher prevalence of clinical depression at age 14 than
those born to fertile parents (13.7% versus 6.9%, P¼ 0.035), although
this difference lost significance after adjustment (P¼ 0.098). At age
17 years there also was a higher rate of clinical depression in those
born to subfertile versus those born to fertile parents, although not

reaching significance, likely to the result of low power (23.7% versus
15.6%, P¼ 0.112).

Discussion
In this unique study of 14- and 17-year-old adolescents, we demon-
strated that adolescents conceived following ART exhibit a pattern
of less externalizing behaviours, but showed a greater propensity for
internalizing behaviours. We found less adolescent-reported exter-
nalizing behaviour and more parent-reported internalizing behaviour
at both ages for adolescents conceived using ART than for those
conceived without ART. At age 14 years, adolescents conceived af-
ter ART had higher mean scores for depression, and more adoles-
cents qualified as having clinically mild and moderate/severe
depression. This difference was not detected at age 17 years. We
also report a higher prevalence of parent-reported doctor-diag-
nosed anxiety in the ART cohort at both ages, with no parent-

............................................................................................................................................................................................................................

Table I Continued

Demographics age 17 years ART (163) Non-ART (1642) P-value

Plurality

Multiples 32 (19.6%) 70 (4.3%) <0.001

Height (m) 1.74 (1.68–1.80) 1.72 (1.65–1.79) 0.042

[1.53–1.99] [1.36–1.99]

Weight (kg) 64.3 (56.9–70.8) 65.4 (58.2–74.6) 0.133

[45.2–104.5] [41.1–137.9]

BMI (m2/kg) 21.2 (19.6–23.2) 22.1 (20.0–24.3) 0.004

[16.0–34.6] [14.3–50.2]

Maternal age at conception 34.0 (31.8–36.6) 28.3 (24.1–32.1) <0.001

[25.2–45.0] [14.5–42.9]

Paternal age at conception 36.5 (34.0–41.0) 30.0 (27.0–35.0) <0.001

[27.0–51.0] [15.0–62.0]

Mother ever mental health problems 44 (28.4%) 405 (29.3%) 0.803

Primary caregiver smoking at time of assessment 8 (5.3%) 283 (20.1%) <0.001

SES based on SEIFA

1st Quintile 3 (1.9%) 35 (3.2%)

2nd Quintile 26 (16.0%) 82 (7.5%)

3rd Quintile 26 (16.0%) 177 (16.3%) 0.015

4th Quintile 23 (14.2%) 194 (17.8%)

5th Quintile 84 (51.9%) 600 (55.1%)

Family financial problems in last year 32 (22.5%) 406 (29.0%) 0.106

Current smoking (participant) 7 (4.3%) 192 (15.6%) <0.001

Binge drinking*

No 123 (79.4%) 475 (39.0%)

Yes once 15 (9.7%) 279 (22.9%) <0.001

Yes > once 17 (11.0%) 465 (38.1%)

Data are shown as median (25–75th percentile) [Range] and as N (%). Comparisons between the cohorts were evaluated using Mann–Whitney U-tests for continuous outcomes, and
Chi2 tests for categorical outcomes. SES, socio-economic status; SEIFA, Socio-Economic Indexes for Areas: Index of Advantage-Disadvantage; GUHS, Growing Up Healthy Study;
Gen2, Raine Study Generation 2.
*Drunk six drinks or more at once/until vomited.
Bold indicates statistically significant values.
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.reported differences for doctor-diagnosed attention and behavioural
problems, or depression.

These findings are in line with some previous studies, mostly con-
ducted in earlier childhood and adolescence (mean ages 8–13.6 years).
These studies have also reported less externalizing problems and
more internalizing problems in ART-conceived compared to non-ART
conceived children (Colpin and Soenen, 2002; Golombok et al., 2002;
Wagenaar et al., 2009a). However, two older studies reported no dif-
ferences in CBCL assessed behaviour between ICSI, IVF and non-ART
conceived children (Cederblad et al., 1996; Barnes et al., 2004).
Interestingly, one study reports no differences in behaviour between
ICSI and non-ART conceived children, however, when comparing ICSI
with IVF, particularly the ICSI-conceived girls reported higher problem

scores on all scales, as well as more scores in the (borderline) clinical
range than the IVF-conceived offspring (Knoester et al., 2007).

As the report of less externalizing problems in ART-conceived off-
spring is a consistent finding across multiple studies, and the present
study also confirms this even after adjustment for covariates, it is pos-
sible that this finding relates to differences in parenting styles or higher
SES in families who conceived through ART. In this study, the families
who conceived through ART had significantly lower levels of financial
hardship in the year preceding the assessments, which was included as
a covariate in the analyses. It is, however, possible that other social
confounders could not be accounted for, and families with an ART-
conceived child may have better resources to support their children,
which in turn can affect their behaviour. It is well established that

............................................................................................................................................................................................................................

Table II YSR continuous and binary (cut-off �60) T-scores at ages 14 and 17 years, compared between adolescents con-
ceived with ART (GUHS) and without ART (Gen2).

Age 14 years

ART Non-ART Univariate P-value ART Non-ART Adjusted P-value*
YSR N 5 151 N 5 1557 N 5 132 N 5 1446

Internalizing 47 (41–55) 47 (41–54) 0.778 49 (47–51) 47 (46–49) 0.218

[26–83] [26–88]

Externalizing 46 (40–53) 50 (44–56) <0.001 49 (48–52) 51 (50–53) 0.045

[25–72] [25–86]

Total 48 (42–55) 50 (44–57) 0.073 54 (52–56) 53 (52–55) 0.595

[28–80] [23–87]

YSR ‡ 60 N 5 151 N 5 1557 N 5 132 N 5 1446

Internalizing 18 (11.9%) 157 (10.1%) 0.477 1.52 (0.74–3.12) 0.255

Externalizing 11 (7.3%) 254 (16.3%) 0.003 0.64 (0.32–1.26) 0.195

Total 27 (17.9%) 280 (18.0%) 0.975 0.72 (0.42–1.26) 0.252

Age 17 years

YSR N 5 161 N 5 1232 N 5 150 N 5 1188

Internalizing 48 (41–57) 48 (41–56) 0.942 54 (50–58) 53 (49–57) 0.717

[26–83] [26–92]

Externalizing 46 (38–54) 51 (45–58) <0.001 49 (45–52) 52 (49–56) <0.001

[25–74] [25–85]

Total 48 (40–55) 51 (45–58) <0.001 53 (49–57) 54 (50–58) 0.164

[28–74] [23–88]

YSR ‡ 60 N 5 161 N 5 1232 N 5 150 N 5 1188

Internalizing 25 (15.5%) 198 (16.1%) 0.860 0.89 (0.47–1.68) 0.722

Externalizing 13 (8.1%) 243 (19.7%) <0.001 0.44 (0.23–0.82) 0.010

Total 23 (14.3%) 270 (21.9%) 0.002 0.64 (0.35–1.16) 0.141

Continuous outcomes are presented as medians (25th–75th percentile) (Range) for univariate analyses, and as mean (95% CI) after covariate adjustment. Categorical outcomes are
presented as N (%) for univariate analyses, and as odds ratio (95% CI) after covariate adjustment. Univariate comparisons between the cohorts were evaluated using Mann–Whitney
U-tests for continuous outcomes, and Chi2 tests for categorical outcomes, adjusted comparisons were performed using generalized estimating equations, with individual families mod-
elled as random effects.
*Adjusted for: non-singleton, primiparity, primary caregiver smoking, family financial problems in preceding year, SES and maternal and paternal age at conception. Bold indicates statis-
tically significant values.
YSR, youth self-report; CBCL, Child behaviour checklist; SES, socio-economic status; GUHS, Growing Up Healthy Study; Gen2, Raine Study Generation 2.
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..women with a higher SES are more likely to utilize ART (Lehti et al.,
2013). Furthermore, as suggested by Wagenaar et al., the lower
reported prevalence of externalizing behaviour, could be because IVF
parents, after the hardship of trying to conceive, minimize problems and
criticize their children less and, therefore, may report less behavioural
problems (Golombok et al., 2002; Wagenaar et al., 2009a). A strength
of the current study, compared to others in the field, is that we also in-
cluded reports by adolescents themselves in addition to parent reports.
It is encouraging that in our study the participants themselves report
lower externalizing problem scores, with fewer participants scoring in
the clinically relevant range for externalizing problems.

Contrary to these findings, one study reported more aggression,
as well as greater depression and anxiety reported by the 9- to

10-year-old children themselves, in ART versus non-ART offspring
(Levy-Shiff et al., 1998). Internalizing problems are harder to detect for
parents/teachers, as they are less visible than externalizing behaviour.
In our study, adolescents do not report differences in internalizing
problems, which is reassuring. Parents of offspring conceived through
ART, however, did report higher internalizing problem scores, com-
pared to those parents who conceived without ART in our study, in-
dicative of poorer behaviour. However, no difference in percentage of
offspring with internalizing problems above the clinical cut-off was
detected in parent reports, which again is reassuring. Other studies
have also reported a higher prevalence of anxiety and depression in
offspring conceived after ART (Levy-Shiff et al., 1998; Wagenaar et al.,
2009a; Beydoun et al., 2010). One of the potential explanations could

............................................................................................................................................................................................................................

Table III CBCL continuous and binary (cut-off �60) T-scores at ages 14 and 17 years, compared between adolescents con-
ceived with ART (GUHS) and without ART (Gen2).

Age 14 years

ART Non-ART Univariate P-value ART Non-ART Adjusted P-value*
CBCL N 5 150 N 5 1781 N 5 133 N 5 1685

Internalizing 45 (39–54) 47 (39–53) 0.740 51 (49–52) 48 (46–50) 0.027

[31–79] [31–85]

Externalizing 43 (36–50) 47 (39–56) <0.001 48 (46–50) 49 (47–51) 0.293

[32–76] [32–86]

Total 45 (37–52) 46 (39–55) 0.098 52 (50–54) 51 (48–53) 0.284

[23–84] [23–90]

CBCL ‡ 60 N 5 150 N 5 1781 N 5 133 N 5 1685

Internalizing 19 (12.7%) 225 (12.6%) 0.991 OR 1.23 (0.61–2.47) 0.570

Externalizing 17 (11.3%) 280 (15.7%) 0.153 OR 0.93 (0.48–1.82) 0.832

Total 19 (12.7%) 251 (14.1%) 0.629 OR 0.84 (0.41–1.73) 0.639

Age 17 years

CBCL N 5 160 N 5 1351 N 5 149 N 5 1320

Internalizing 47 (41–52) 44 (37–50) <0.001 50 (45–55) 46 (41–51) <0.001

[31–74] [31–80]

Externalizing 40 (33–49) 43 (37–52) 0.018 48 (45–52) 47 (43–51) 0.148

[32–80] [32–88]

Total 42 (37–50) 42 (34–51) 0.394 48 (43–53) 45 (39–50) 0.002

[23–82] [23–85]

CBCL ‡ 60 N 5 160 N 5 1351 N 5 149 N 5 1320

Internalizing 16 (10.0%) 126 (9.3%) 0.782 1.23 (0.59–2.57) 0.581

Externalizing 8 (5.0%) 135 (10.0%) 0.041 0.96 (0.42–2.18) 0.916

Total 10 (6.3%) 115 (8.5%) 0.326 0.78 (0.34–1.77) 0.546

Continuous outcomes are presented as medians (25th–75th percentile) (Range) for univariate analyses, and as mean (95% CI) after covariate adjustment. Categorical outcomes are
presented as N (%) for univariate analyses, and as odds ratio (95% CI) after covariate adjustment. Univariate comparisons between the cohorts were evaluated using Mann–Whitney
U-tests for continuous outcomes, and Chi2 tests for categorical outcomes, adjusted comparisons were performed using generalized estimating equations, with individual families mod-
elled as random effects.
*Adjusted for: non-singleton, primiparity, primary caregiver smoking, family financial problems in preceding year, SES and maternal and paternal age at conception. Bold indicates statis-
tically significant values.
YSR, Youth Self-Report; CBCL, Child Behaviour Checklist; SES, socio-economic status; GUHS, Growing Up Healthy Study; Gen2, Raine Study Generation 2; OR, odds ratio.
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. again be a difference in parenting style between parents who con-
ceived their child with and without ART. Parents who conceived
through ART may be more overprotective, seeing their children as
precious, and also have higher expectations from them, which in turn
can affect the child’s behaviour (Wagenaar et al., 2009a). Parents who
have experienced infertility have also been reported to have lower
self-esteem and experience more anxiety, and therefore rely on their
network more and present to a health professional more frequently,
potentially explaining the higher prevalence of doctor-diagnosed anxi-
ety in the ART cohort in the present study (Segev and van den Akker,
2006). As noted previously, one of the difficulties of studies of this na-
ture is that differences in parenting styles and expectations from chil-
dren are incredibly difficult to capture, quantify and control for (Hart
and Norman, 2013). It could be useful if future studies would apply a
siblingship design, including families with ART and non-ART conceived
siblings, to control for parent(ing) factors.

The higher prevalence of depression (and moderate/severe depres-
sion) in the 14-year-old ART-conceived adolescents in this study is
concerning. Although this finding was not supported by parent report
of a doctor-diagnosed depression, it is reassuring that this difference
was not apparent at age 17 years; however, this was mostly a different
sample of ART offspring and therefore reassessment of the 14-year-

............................................................................................................................................................................................................................

Table IV BDI-Y outcomes at ages 14 and 17 years, compared between adolescents conceived with ART (GUHS) and with-
out ART (Gen2).

BDI-Y 14 years
ART

N 5 151
Non-ART
N 5 1563

P-value
univariate

ART
N 5 131

Non-ART
N 5 1448

P-value
adjusted*

Continuous 6 (3–10) 4 (1–9) 0.011 9 (7–10) 6 (5–8) 0.005

[0–39] [0–50]

Binary � 17 19 (12.6%) 133 (8.5%) 0.093 2.37 (1.18–4.77) 0.016

BDI-Y categories**

� 16 (normal) 132 (87.4%) 1430 (91.5%)

17–20 (mild) 5 (3.3%) 71 (4.5%) 0.009

� 21 (moderate/severe) 14 (9.3%) 62 (4.0%)

BDI-Y 17 years N 5 161 N 5 1219 N 5 132 N 5 1031

Continuous 5 (1–12.5) 6 (2–13) 14 (11–18) 14 (11–17)

[0–44] [0–57] 0.282 0.950

Binary � 17 25 (15.5%) 203 (16.7%) 0.718 0.88 (0.49–1.59) 0.671

BDI-Y categories**

�16 (normal) 136 (84.5%) 1016 (83.3%)

17–20 (mild) 13 (8.1%) 97 (8.0%) 0.869

�21 (moderate/severe) 12 (7.5%) 106 (8.7%)

Continuous outcomes are presented as medians (25th–75th percentile) (Range) for univariate analyses, and as mean (95% CI) after covariate adjustment. Univariate comparisons
between the cohorts were evaluated using Mann–Whitney U-tests for continuous outcomes, and Chi2 tests for categorical outcomes, adjusted comparisons were performed using
generalized estimating equations, with individual families modelled as random effects.
*Adjusted for: non-singleton, primiparity, primary caregiver smoking, family financial problems in preceding year, SES and maternal and paternal age at conception. Categorical out-
comes are presented as N (%) for univariate analyses, and as odds ratio (95% CI) after covariate adjustment.
**No adjusted analysis performed owing to sample size limitations. Bold indicates statistically significant values.
BDI-Y, Beck Depression Inventory for Youth; SES, socio-economic status; GUHS, Growing Up Healthy Study; Gen2: Raine Study Generation 2.

......................................................................................................

Table V Other parent-reported diagnosed mental health
conditions at ages 14 and 17 years, compared between
adolescents conceived with ART (GUHS) and without
ART (Gen2).

Age 14 years ART
N 5 150

Non-ART
N 5 1781

P-value

Anxiety 13 (8.6%) 63 (3.5%) 0.002

Attention problem 15 (9.9%) 139 (7.8%) 0.349

Behavioural problem 8 (5.3%) 108 (6.1%) 0.706

Depression 2 (1.3%) 35 (2.0%) 0.590

Age 17 years N 5 160 N 5 1351

Anxiety 19 (12.0%) 63 (4.5%) <0.001

Attention problem 7 (4.3%) 98 (7.0%) 0.198

Behavioural problem 5 (3.1%) 58 (4.2%) 0.527

Depression 4 (2.5%) 55 (3.9%) 0.359

Data presented as N (%). Comparisons between the cohorts were evaluated using
the Chi2 test for categorical outcomes. Bold indicates statistically significant values.
GUHS, Growing Up Healthy Study; Gen2, Raine Study Generation 2.

2840 Wijs et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/hum

rep/article/37/12/2831/6724352 by guest on 10 M
arch 2024



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..olds at a later stage, as well as assessment of independent cohorts, is
of importance. This need is even more underlined by the fact that
other studies have also reported an increase in depression among
ART-conceived offspring (Levy-Shiff et al., 1998; Wagenaar et al.,
2009a; Beydoun et al., 2010). It is, however, also possible that the
higher prevalence of depression at age 17 years is not present any-
more, because adolescents perhaps become less sensitive to family
and parenting influences over time. The knowledge that ART-
conceived offspring may potentially be at an increased risk of develop-
ing internalizing behaviours and depression is of importance to (future)
parents, offspring and healthcare providers. With this knowledge,
healthcare providers can be more alert or perhaps more routinely
screen for symptoms of these behaviours. With better knowledge
about long-term health outcomes after ART, couples considering ART
can be aided in their decision-making by being better informed about
the health of their potential future children. For ART-conceived off-
spring, knowledge about their health outcomes is of importance, both
for reassurance and to be aware of potential risks and act accordingly,
for example, by recognizing symptoms and seeking help and treatment
early.

Apart from differences in parenting styles, another plausible underly-
ing mechanism for differences in health outcomes are epigenetic altera-
tions occurring around the susceptible window of conception during
the ART process. Epigenetic changes altering foetal programming of
endocrine and metabolic processes can lead to altered activity of the
hypothalamic–pituitary–adrenal (HPA) axis, which is involved in regula-
tion of stress and arousal and thereby in regulating emotion and be-
haviour (Wagenaar et al., 2009a). As stated by Wagenaar et al. higher
HPA axis activity is associated with behavioural inhibition and thereby
more internalizing behaviour, such as depression and anxiety, whereas
lower HPA axis activity is associated with more externalizing behaviour
(Tyrka et al., 2006; Wagenaar et al., 2009a). This is in line with the
findings in the current study.

Another possible explanation is the higher prevalence of obstetric
complications, such as PTB and LBW, in ART pregnancies.
Prematurity is a known risk factor for behavioural problems (Bhutta
et al., 2002). LBW, being small for gestational age and PTB have all
been associated with neurodevelopmental disorders (Largo et al.,
1989; Hutton et al., 1997; Arcangeli et al., 2012); this may, therefore,
explain a higher prevalence of such disorders in ART-conceived off-
spring. Because adjusting for perinatal factors has been suggested to
potentially introduce bias, we have not adjusted our analyses for these
factors, but instead ran a separate analysis excluding offspring born
preterm and with LBW. These analyses did not alter the results,
meaning that the effect seen in this study may not be explained by dif-
ferences in perinatal factors.

Lastly, it is possible that couples requiring ART differ from fertile
couples, and the underlying subfertility or suboptimal health of parents
leads to an increase in certain disorders in the offspring (Luke, 2017).
Some previous studies report an increased risk of mental health disor-
ders in offspring of subfertile women, or women who conceived after
ovulation induction, which was not further exaggerated in those con-
ceived after ART (Bay et al., 2013). In the current study, comparing
the ART cohort to a sub-cohort of Gen2 who were born to subfertile
parents shows that the CBCL/YSR outcomes were mostly the same,

or effects were stronger, indicating that the outcomes of ART offspring
do not greatly differ from those of offspring born to subfertile parents
without ART. Interestingly, the higher prevalence of depression seen
in ART offspring at age 14 years was not present when comparing
them to the subset born to subfertile parents, meaning that this in-
crease is potentially explained by the underlying subfertility. This was
confirmed by the finding that those Gen2 offspring born to subfertile
parents reported a higher prevalence of clinical depression compared
to those born to fertile parents. To definitively address the role of sub-
fertility, again the siblingship design could be of use to keep parental
factors stable and take the underlying subfertility into account. It would
be of interest for future studies to further investigate the mental health
of ICSI offspring, as these offspring in particular have a higher risk of
congenital malformations, potentially linked to the invasiveness of the
procedure and subsequent epigenetic alterations (Davies et al., 2012;
Berntsen et al., 2019).

One of the major strengths of this study is the comparison of two
representative cohorts from the same geographic region. Selection
bias is reduced by inviting all adolescents born after ART over a partic-
ular period, instead of recruiting adolescents who are presenting with
problems. A further strength is the use of standardized and validated
questionnaires, which also capture less severe cases. This contrasts
with previous studies, such as Svahn et al. (2015), which have used
hospital discharge diagnoses, only capturing severe cases. Another
strength is that this study assesses adolescents, whereas many studies
to date were conducted in earlier life. The main limitation of the study
is the time difference between the GUHS and Gen2 assessments.
Even though we have adjusted for covariates, other external factors af-
fecting behaviour and mental well-being could have changed, and resid-
ual confounding cannot be entirely ruled out. However, when
comparing the results from the GUHS to those of a Western
Australian youth mental health survey conducted around the same
time as the GUHS, the prevalence of depression, anxiety and behav-
ioural problems appears to be higher in the GUHS compared to the
ART population survey (Goodsell et al., 2017). In addition, data from
the Australian Institute of Health and Welfare state that the preva-
lence of depression among youth increased between 1998 and 2013
from 2.9% to 5.0%, while the prevalence of any mental disorder,
ADHD and conduct disorders remained stable (AIHW, 2021).
Therefore, the higher prevalence of depression in the ART cohort
could be explained by the increased prevalence over time. The pro-
spective nature of the GUHS only allowed for collection of data at
time of assessment, which limited the ability to adjust for certain cova-
riates. For example, no information on maternal pregnancy BMI was
available, whereas this has an association with child ADHD. We were
unable to differentiate between different types of ART (e.g. IVF versus
ICSI), owing to the low number of ICSI cycles at the time of study.
Although selection bias is reduced by attempting to recruit all ART
births over a 10-year period in the state of Western Australia, it may
still be substantial as we do not hold information on total number of
patients treated in the fertility clinics during the study time. Numbers
of invited participants are lower than the expected ART rate over the
study period because of difficulty in contacting families, changes in
addresses, declining involvement and non-disclosure to the child re-
garding their ART status; owing to the study design, it is impossible to
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compare their characteristics to those of the participants, and there-
fore participation bias may be substantial. Furthermore, at the 14-year
and 17-year Raine Study follow-ups, the cohort family characteristics
of participants were compared with Year 2006 Western Australian
Population Census data of families living in Western Australia with 15-
to 17-year-old children, and were found to be representative. Cohort
retention was 65.2% and 60.0% at 14 and 17 years, respectively
(Straker et al., 2017), which is comparable to other birth cohorts. A
2017 paper investigated selection bias in the Raine Study cohort, and
concluded that despite growing non-participation over time, there was
no evidence of significant selection bias based on perinatal characteris-
tics (White et al., 2017). However, other characteristics may differ be-
tween participants and those who were lost to follow-up, which could
potentially introduce bias. In addition, even though Australian data
may be generalizable to other Western countries, the high percentage
of offspring of Caucasian descent in both cohorts (GUHS: 96.0% and
Raine Study Gen2: 88.9%) reduces generalizability to other ethnicities.
Furthermore, as expected with single-country studies, generalizability
of the findings to other counties is reduced because of differences be-
tween countries in access to ART, the costs involved, and protocols
used at the time of study. Generalizability may be increased by using
internationally recognized and validated measurement tools, which
take age and sex into account. The CBCL parent and YSR participant
answers commonly have a weak correlation, which was also true for
both cohorts in the present study, and the truth is likely to be lying
somewhere in the middle (Robinson et al., 2019). Lastly, the interpre-
tation of results also needs to consider that multiple testing in this
study could have led to some chance findings.

Conclusion
In this study of 14- and 17-year-old adolescents conceived with and
without ART, at both ages we report fewer externalizing problems
and more parent-reported internalizing problems; at age 14 years we
observed more (clinical) depression in the ART cohort. Reassuringly,
this higher prevalence of depression was not detected at 17 years of
age. These findings require replication in independent cohorts and at a
later stage in life. If internalizing problems, as well as depression, are
more prevalent in ART-conceived offspring, this is of importance for
parents, offspring, and healthcare providers alike.
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