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study question: Is the risk of hospital admission or outpatient contact for mental disorders increased in children born to women with
fertility problems compared with children born to women without fertility problems?

summaryanswer: We found an increased riskof hospital admission or outpatient contact for mental disorders in children born towomen
with fertility problems.

what is known already: Few studies have investigated the risk of mental disorders in children born after fertility treatment and al-
though some studies have pointed to an increased risk, others found no association. The inconsistent results may be due to methodological con-
straints in many previous studies, including small sample size and short follow-up, resulting in imprecise risk estimates and lack of information on
risk patterns of mental disorders in adulthood.

study design, size, duration: This nationwide retrospective register-based cohort study included all 2 412 721 children born in
Denmark between 1969 and 2006. All children were followed from date of birth until date of hospital contact for a mental disorder, date of emi-
gration, date of death or 31 December 2009, whichever occurred first.

participants/materials, setting, methods: Information concerning maternal fertility status for all children in the cohort
was obtained by linkage to the Danish Infertility Cohort, which contains data on nearly all women with fertility problems in Denmark since
1963. A total of 124 269 (5%) children were born to women with fertility problems and 2 288 452 (95%) to women without fertility problems.
To identify children hospitalized for a mental disorder, the cohort was linked to the Danish Psychiatric Central Research Registry. Cox propor-
tional hazards models were used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for the association between maternal fertility
status and the risk of hospital admission or outpatient contact for various groups of mental disorders, including any mental disorder and all 11 main
discharge diagnostic groups, classified according to the International Classification of Diseases, version 10.

main results and the role of chance: During a mean follow-up period of 21 years (range, 0–40 years), 168 686 (7%) children
were admitted to hospital or had an outpatient contact for a mental disorder. Children born to women with fertility problems had a significantly
higher risk of any mental disorder (HR 1.23; 95% CI 1.20–1.26) and for most of the 11 main discharge groups, including schizophrenia (HR 1.16;
95% CI 1.07–1.27), mood (affective) disorders (HR 1.21; 95% CI 1.15–1.28) and disorders of psychological development (HR 1.15; 95% CI
1.09–1.21) as well as the subgroup of attention-deficit/hyperactivity disorders (HR 1.36; 95% CI 1.29–1.45) compared with children born to
women without fertility problems. The risk estimates did not change markedly when analyses were performed separately for mental disorders
diagnosed during childhood (0–19 years) and in young adulthood (20–40 years).

limitations, reason for caution: The true risk of mental disorders may be somewhat underestimated, as only severe disorders
requiring hospital admission or outpatient contact were considered as events. Furthermore, we could not determine whether the increased risks
observed were due to factors related to the underlying infertility or to fertility treatment procedures.
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wider implications of the findings: This is the first report on mental disorders in adulthood among children born to women
with fertility problems. Furthermore, we have assessed the risk of several severe mental disorders not previously studied (e.g. neurotic, stress-
related and somatoform disorders and disorders of adult personality and behaviour). These important findings should be investigated further in
large epidemiological studies designed to differentiate between factors related to fertility treatment and to the underlying infertility.

study funding/competing interest(s): The study was supported by internal funding from the Unit of Virus, Lifestyle and
Genes at the Danish Cancer Society Research Center. All authors report no conflicts of interest.
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Introduction
Infertility, defined as waiting time to pregnancy longer than 12 months,
affects 10–15% of couples worldwide (Evers, 2002; Bonde and Olsen,
2008). In Denmark, �4% of the birth cohort in 2013 was conceived with
assisted reproduction technology (ART), and �8% were conceived after
anytypeof fertility treatment (DanishFertilityAssociation,2013). Inother
European countries, ART accounts for an estimated 0.6–4.5% of all
births (Ferraretti et al., 2013). Since the birth of the first child born
after in vitro fertilization (IVF) in 1978 (Steptoe and Edwards, 1978),
over 5 million children have been born after ART worldwide (European
Society of Human Reproduction and Embryology, 2012).

Although fertility treatment is generally considered to be safe, recent
research has shown that the children born after such treatment may be at
increased risk of several adverse short-term health consequences, such
as low birthweight (McDonnald et al., 2009; Pandeyet al., 2012), preterm
birth (McDonnald et al., 2009, 2010; Pandey et al., 2012) and birth
defects (Hansen et al., 2013). Few large-scale epidemiological studies
have been conducted to investigate the risk of long-term health conse-
quences, such as mental disorders.

Concern that fertility treatment may affect the risk of mental disorders
in children arises mainly from studies that found increased risks of autism
spectrum disorders (ASD) (Zachor and Ben Itzchak, 2011; Lyall et al.,
2012; Shimada et al., 2012; Bay et al., 2013; Grether et al., 2013;
Mamidala et al., 2013; Kissin et al., 2015), but increased risk of mental re-
tardation (Sandin et al., 2013), hyperkinetic disorders (Källén et al.,
2011), tic disorders, behavioural and emotional disorders with early on-
set and attention-deficit/hyperactivity disorders (ADHD) (Bay et al.,
2013) have also been found. Still other studies failed to find an associa-
tion between fertility treatment and mental disorders (Strömberg
et al., 2002; Pinborg et al., 2004, 2010; Stein et al., 2006; Hvidtjorn
et al., 2011; Lethi et al., 2013; Lyall et al., 2013), or even suggested a
decreased risk (Maimburg and Vaeth, 2007). Hence, the results have
been inconsistent, which may be due to methodological limitations, in-
cluding small study size, short or incomplete follow-up, lack of adjust-
ment for potential confounders and variation in the definition of
fertility treatment. Also, even if effects of fertility treatment on mental
health are found, they may be related to the underlying infertility
rather than the treatment.

By using register data for all children born in Denmark between 1969
and 2006, our aim was to determine whether children born to women
with fertility problems are at higher risk of being hospitalized or attending
outpatient clinics at psychiatric hospitals for mental disorders (hereafter
referred to as severe mental disorders) compared with children born to
women without fertility problems. This retrospective, register-based

cohort study will be the most well-powered study to date and the first
with an adequately long follow-up period for assessing risk patterns
from infancy to young adulthood.

Materials and Methods

Study population
Since 2 April 1968, all residents of Denmark have been recorded in the com-
puterized Civil Registration System by a unique personal identification
number (PIN) (Pedersen, 2011). The PIN, which contains information
about date of birth and sex, is included in all Danish health registries and
ensures accurate linkage of information among registries. The Civil Registra-
tion System also contains information on vital status (date of migration, date
of death or date of loss to follow-up) and linkage between legal parents and
live born children if both were alive on April 1968 and the child was born after
1953. We used this registry to obtain the PIN, maternal PIN, paternal PIN,
birth order and vital status of all 2 412 721 children born in Denmark
between 1 April 1969 and 31 December 2006.

Follow-up for severe mental disorders
The study population was followed for the occurrence of severe mental dis-
orders by linkage to the nationwide Danish Psychiatric Central Research
Registry using the PIN. This registry contains records of all hospital admis-
sions for mental disorders in Denmark since 1 April 1969 (Mors et al.,
2011). Since 1995, the Registry has also included information on all outpatient
contacts at psychiatric hospitals and is considered virtually complete for diag-
noses of severe mental disorders, as there were no private psychiatric hospi-
tals in Denmark in the study period (Mors et al., 2011). Before 1995, all
psychiatric diagnoses were reported according to the classification system
of the International Classification of Diseases, 8th revision (ICD-8),
whereas, after 1994, they were reported according to the 10th revision
(ICD-10) (Mors et al., 2011). On the basis of the ICD-10 and ICD-8
codes, we separated the psychiatric diagnoses into 1 main group ‘any
mental disorder’ and 11 main discharge diagnostic groups (Table I). Further-
more, two discharge subgroups of interest were defined: autism spectrum
disorders (ASD) and attention deficit/hyperactivity disorders (ADHD).
A standardized conversion table of ICD-8 and ICD-10 codes from the
Danish National Centre for Register-based Research was used for the cat-
egorization, and the diagnoses were further verified by a specialist in child
and adolescent psychiatry (K.J.P.). Forall analyses, we used the first registered
main discharge diagnosis for the child or the adult in question. Thus, indivi-
duals who were hospitalized for different main discharge diagnoses could
be included in analyses of more than one main discharge group of mental
disorders.

All analyses were performed separately for: (i) severe mental disorders oc-
curring at any age, (ii) severe mental disorders occurring in childhood (0–19
years) and (iii) severe mental disorders occurring in young adulthood (20–40
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years). For the main analyses of severe mental disorders occurring at any
age, the study population was followed from the date of birth until the
event of interest or censoring. Censoring was performed on the date of loss
to follow-up, date of death, date of migration or 31 December 2009, which-
ever occurred first. For the analyses of severe mental disorders occurring in
childhood, censoring was additionally performed on the date of the 20th
birthday. For the analyses of severe mental disorders occurring in young
adulthood, all children who had reached the age of 20 years during the
study period without a diagnosis of a severe mental disorder or censoring
were included and followed from their 20th birthday until the event of inter-
est or censoring (i.e. date of loss to follow-up, date of death, date of migration
or 31 December 2009).

Ascertainment of maternal fertility status
We identified the exposure status of the children (i.e. maternal fertility status)
by linkage to the Danish Infertility Cohort, using the maternal PIN. This
cohort was established in 1997 and has been described in detail elsewhere
(Jensen et al., 2009). In brief, the cohort consists of all women referred to
private fertility clinics or public gynaecological hospitals in the period
1963–1998, all women with a diagnosis of infertility (codes 628 and N97,
ICD-8 and ICD-10, respectively) recorded in the National Patient Registry
in the period 1977–2009 and all women in the Danish IVF registry in the
period 1994–2005. The total Danish Infertility Cohort consists of 109 009
women with fertility problems in the period 1 September 1963 and 31
December 2009. In all the analyses reported here, mothers in the Danish In-
fertility Cohortwere considered to have fertility problems and mothers not in
the Cohort were considered to be fertile.

Statistical analysis
Cox proportional hazards models were used to estimate hazard ratios (HRs)
and corresponding 95% confidence intervals (CIs) for associations between
maternal fertility status and severe mental disorders in their children. Age was
used as the underlying timescale, and all analyses were further adjusted for

the following potential confounders, chosen a priori: year of birth, sex, birth
order (1, 2, ≥3), maternal age of birth (≤25, 26–28, 29–32, ≥33), paternal
age at birth (≤26, 27–30, 31–34, ≥35) and parental history of mental dis-
order (yes/no). Information on year of birth, birth order, singleton or mul-
tiple births as well as maternal and paternal age of birth was obtained from
the Civil Registration System, whereas information on parental history of
mental disorder was obtained from the Danish Psychiatric Central Research
Registry. All analyses were performed for: (i) all births and (ii) singleton births
only. A frailty model was used to take into account the potential correlations
between outcomes of children from the same mother. However, as this sen-
sitivity analysis did not markedly change the risk estimates (results not
shown), we chose to report risk estimates without the frailty model. Tests
were conducted as Wald tests, and P-values below 5% were considered stat-
istically significant. All analyses were performed in R version 3.0.1.

Research ethics and data protection
The study protocol was approved by the Danish Scientific Ethical Committee
and the Danish Data Protection Agency.

Results
Of the 2 412 721 children born between 1 April 1969 and 31 December
2006 and followed for the occurrence of severe mental disorders, we
excluded 25 614 children for whom information on one or more poten-
tial confounders was missing, leaving 2 387 107 children for analyses. Of
these, 124 269 (5%) were born to women with fertility problems. The
overall mean follow-up time was 21.4 years (range, 0–40.8 years;
median, 20.8years) resulting in a totalof50 306 814person-yearsof obser-
vation. Forchildren born to women with fertility problems, mean follow-up
timewas 14.4 years (range, 0–40.8 years; median,12.4 years), whereas the
mean follow-up time forchildren born to women without fertility problems
was 21.2 years (range, 0–40.8 years; median, 20.5 years). A severe mental

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

Table I Discharge diagnoses of mental disorders according to ICD-8 and ICD-10 codes.

Discharge diagnosis ICD-8 ICD-10

Any mental disorder 290–315 F00–99

Organic, including symptomatic, mental disorders 290.xx, 292.xx–294.xx, 299.04, 309.xx, 342.xx F00.x–09.x

Mental disorders due to psychoactive substance use 291.xx, 294.3x, 303.xx–304.xx F10.x–19.x

Schizophrenia 295.xx, 297.xx, 298.2x–298.9x, 299.00–299.03, 299.05,
299.09

F20.x–29.x

Mood (affective) disorders 296.xx, 298.09, 298.19, 300.49, 301.19 F30.x–39.x

Neurotic, stress-related and somatoform disorders 300.xx, 305.xx, 306.8x–306.9x, 307.xx F40.x–49.x

Behavioural syndromes associated with physiological
and physical factors

305.6x, 306.4x–306.5x, 309.9x, 677.9x+294.4x,
677.9x+298.0x

F50.x–59.x

Disorders of adult personality and behaviour 301.xx–302.xx F60.x–69.x

Mental retardation 310.xx–315.xx F70.x–79.x

Disorders of psychological development 306.0x–306.1x, 306.3x, 308.0x F80.x–89.x

Autism spectrum disorders 299.0x, 299.01–299.03 F84.0–84.1, F84.5, F84.8–84.9

Behavioural and emotional disorders with early onset 306.0x, 306.2x–306.3x, 306.5x–306.7x, 306.9x F90.x–98.x

Attention-deficit hyperactivity disorders 308.3x F90.x, F98.9

Unspecified mental disorders NA F99.x

ICD-8 codes were used for registration of mental disorders in the Psychiatric Central Research Registry until 1994 and ICD-10 codes from 1995 onwards.
ICD, International Classification of Diseases; NA, not applicable.
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disorderwasdiagnosed in168 686childrenduring the follow-upperiodand
of these, 7843 children (5%) were born to women with fertility problems
(Fig. 1). The mean age at diagnosis was 19.1 years (standard deviation,
8.6 years; range, 0–40.5 years).

The distribution of selected birth characteristics according to maternal
fertility status is shown in Table II. Children born to women with fertility
problems differed slightly from those born to fertile women: more were
born after 1996, of male sex and the first-born child; furthermore, the
maternal and paternal age at birth was generally higher for children
born to women with fertility problems.

Figure 2 shows the relative risks of severe mental disorders according
to maternal fertility status among all births. Children born to women with
fertility problems had a modest increase in risk of any severe mental dis-
order (HR 1.23; 95% CI 1.20–1.26) and increased risks of all the main
discharge diagnostic groups of severe mental disorders examined (risk
estimates, 1.06–1.45). The highest risk was found for severe mental dis-
orders due to psychoactive substance use (HR 1.45; 95% CI 1.35–1.56),

and notably increased risks were observed for schizophrenia (HR 1.16;
95% CI 1.07–1.27), mood (affective) disorders (HR 1.21; 95% CI
1.15–1.28) and mental retardation (HR 1.20; 95% CI 1.09–1.31).
Increased risk was also observed for one of the two specific subgroups
examined, ADHD (HR 1.36; 95% CI 1.29–1.45).

Of the 124 269 children born to women with fertility problems, 108
707 (87%) children were singletons, whereas 2 234 433 (98%) out of
all 2 288 452 children born to women without fertility problems were
singletons. When the risk of mental disorder in singletons only was
addressed, the risk estimates did not change notably (Supplementary
Figure S1).

Separate analyses for severe mental disorders diagnosed in childhood
(0–19 years) and in young adulthood (20–40 years) are shown in
Table III. The risks of any severe mental disorder and of all but one
(Organic, including symptomatic, mental disorder diagnosed in childhood)
discharge diagnostic groups assessed were increased in children born to
women with fertility problems, both in childhood and in young adulthood.
For any severe mental disorder and for the vast majority of the main
discharge diagnostic groups, no statistically significant difference was
observed in childhood and in adulthood. The only exceptions were disor-
ders of adult personality and behaviour, behavioural and emotional disor-
ders with early onset including ADHD, and unspecified mental disorders,
for which the risk estimates in young adulthood were statistically signifi-
cantly higher than those in childhood. For example, the risk for ADHD
was increased by 1.73 in young adulthood (95% CI 1.43–2.09) but only
by 1.33 (95% CI 1.26–1.42) during childhood (P for difference ¼0.01).

Discussion
In the largest nationwide register-based cohort study to date, consisting
of all Danish children born between 1969 and 2006, we found a 23%
increased risk for any severe mental disorder in children born to
women with fertility problems. Increased risks of 6–45% were observed
for all the main discharge diagnostic groups of severe mental disorders
examined, including schizophrenia, mood (affective) disorders, mental
retardation, disorders of psychological development (including ASD)
and behavioural and emotional disorder with early onset (including
ADHD). The risks were also increased after stratification by age at diag-
nosis, indicating that the increased risk for a mental disorder persists into
adulthood.

The strengths of our study include the high statistical precision of the
risk estimates, because of the large sample size of almost 2 400 000 chil-
dren born from 1969 to 2006 and the large number of children with a
severe mental disorder (n ¼ 168 686) during a follow-up period of up
to 40 years. Due to the long follow-up period (median ¼ 21 years),
this is the first study that has been able to assess the risk of mental disor-
ders in young adulthood (20–40 years). Furthermore, from our compre-
hensive data on all the main discharge diagnoses after hospital admission
or outpatient contact at psychiatric hospitals for mental disorders, we
were able to estimate the risks of several mental disorders that have
not previously been studied (i.e. organic, including symptomatic,
mental disorders, mental disorders due to psychoactive substance use,
neurotic, stress-related and somatoform disorders, behavioural syn-
dromes associated with physiological and physical factors and disorders
of adult personality and behaviour). Other strengths include the nation-
wide population-based design, which allows generalization of the results,
no loss to follow-up (as relocations within the country, emigration and

Figure 1 Identification of children born to women with and without
fertility problems and number of children diagnosed with severe mental
disorders.
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death are recorded in Danish registries) and no recall bias, as the study is
entirely register-based.

Few studies have been published on the association between infertil-
ity, its treatment and the risk of mental disorders in children, and the
results have been inconsistent. In line with our results, another recent
Danish study (Bay et al., 2013) showed a �20% increased risk of any
mental disorder in children born after fertility treatment as compared
with spontaneously conceived children. The study by Bay et al. (2013)
is also based on data from the Danish national health registers but dif-
fered from our study in the definition of the exposure variables as the
study by Bay et al. (2013) analysed the association between fertility treat-
ment and risk of mental disorders whereas the present study analysed
the association between fertility problems and risk of mental disorders.
Further, the studies differed in the number of study subjects included. Bay
et al. (2013) included 555 828 children born from 1995 to 2003 (maximal
attained age at the end of follow-up: 17 years), whereas the present study
included 2 412 721 children born from 1969 to 2006 (maximal attained

age at end of follow-up: 40 years). Furthermore the studies differ in the
mean length of the follow-up period (12.7 years in the study by Bay et al.
(2013) versus 21.4 years in the present study).

The main part of studies in this research field has focused on risks for
specific mental disorders and in particular ASD, a subgroup of disorders
of psychological development (ICD-10 codes F80–89.9). The results of
most studies indicated increased risks of both disorders of psychological
development (Bay et al., 2013) and ASD (Funderburk et al., 1983;
Hvidtjorn et al., 2011; Zachor and Ben Itzchak, 2011; Lyall et al., 2012;
Shimada et al., 2012; Bay et al., 2013; Grether et al., 2013; Mamidala
et al., 2013; Kissin et al., 2015). Still other studies found no association
(Pinborg et al., 2004; Stein et al., 2006; Lethi et al., 2013; Sandin et al.,
2013) or a decreased risk of infantile autism (Maimburg and Vaeth,
2007). A limited number of studies focused on groups of mental disor-
ders other than ASD. In accordance with our results, some of these
studies found increased risks of behavioural and emotional disorders
with early onset (Bay et al., 2013), ADHD (Källén et al., 2011; Bay
et al., 2013), mental retardation (Sandin et al., 2013), mood (affective)
disorders (Wagenaar et al., 2009; Beydoun et al., 2010) and schizophre-
nia (Funderburk et al., 1983). Others found no association with mental
retardation (Strömberg et al., 2002; Pinborg et al., 2004, 2010), severe
mental development disturbances (Pinborg et al., 2004) or Tourette syn-
drome (Shimada et al., 2012). An explanation for the divergent results
may be due to heterogeneity of the previous studies as they vary by
source of exposure information (questionnaires filled out by parents,
hospital records, and national registers), diagnostic inclusion criteria, dif-
ferences in the definition of fertility treatment/infertility and adjustment
for different potential confounders. Furthermore several studies are
limited by other methodological problems including a small sample size
and a limited follow-up period.

Despite the increased interest in the field of mental disorders during
the past few decades, their aetiology is still largely unknown, although
there is strong evidence of environmental (Landrigan, 2010; Atladottir
et al., 2012), genetic (Betancur, 2011; O’Roak et al., 2012) and epigenetic
(Flashner et al., 2013; Millan, 2013) influences for certain types, such as
ASD. A possible mechanism linking infertility, fertility treatment and
mental disorders in children is epigenetic changes. Experimental
studies on animals have shown altered expression of imprinted genes
in sheep and mice born after fertility treatment (Young et al., 2001;
Fortiere et al., 2008). Similarly, in humans, fertility drugs (Brannian
et al., 2010), oocyte manipulation and in vitro culture (Leese et al.,
1998) have been linked to altered cell physiology leading to changes in
early embryo gene expression patterns. In support of the accumulating
evidence that fertility treatment affects epigenetic mechanisms in
humans, children born after fertility treatment have been found to be
at increased risk of extremely rare imprinting disorders that are due to
abnormal genomic imprinting (Horsthemke and Ludwig, 2005), indicat-
ing widespread epigenetic disruption in these children. It is still unclear,
however, whether any epigenetic effects seen after fertility treatment
are due to the treatment or to the infertility. It has been suggested that
women with fertility problems are more likely to generate gametes
with epigenetic modifications (Paoloni-Giacobino and Chaillet, 2004)
and that some subfertile couples have a genetic predisposition to epigen-
etic instability (Dada et al., 2012). Furthermore, steroid hormone imbal-
ance, which is central to certain types of infertility (Lyall et al., 2013), may
affect the risk of mental disorders by affecting epigenetic fetal program-
ming (Jessen and Auger, 2011; Nugent and McCarthy, 2011; Morgan and

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

Table II Distribution of selected birth characteristics
according to maternal fertility status.

Characteristic Children born to
women with
fertility
problems

Children born
to women
without fertility
problems

No. (%) No. (%)

Total 124 269 (100.0) 2 288 452 (100.0)

Sex

Male 64 063 (51.6) 1 174 616 (51.3)

Female 60 206 (48.4) 1 113 836 (48.7)

Period of birth

1969–1976 6 551 (5.3) 548 004 (23.9)

1977–1986 19 690 (15.8) 537 466 (23.5)

1987–1996 36 302 (29.2) 611 546 (26.7)

1997–2006 61 726 (49.7) 591 436 (25.8)

Birth order

1 72 735 (58.5) 994 764 (43.5)

2 37 695 (30.3) 854 993 (37.4)

≥3 13 839 (11.1) 435 766 (19.1)

Maternal age at birth (years)

≤25 20 382 (16.4) 646 217 (28.3)

26–28 17 084 (13.7) 535 069 (23.4)

29–32 34 147 (27.5) 623 308 (27.3)

≥33 52 656 (42.4) 480 939 (21.0)

Paternal age at birth (years)

≤26 18 396 (15.0) 591 390 (26.1)

27–30 25 149 (20.4) 666 407 (29.4)

31–34 33 327 (27.1) 526 793 (23.3)

≥35 46 114 (37.5) 480 334 (21.2)

Parental history of mental
disorder

No 109 365 (88.0) 2 093 270 (91.5)

Yes 14 904 (12.0) 195 182 (8.5)
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Figure2 Hazard ratios (HRs) and 95% confidence intervals (CIs) for severe mental disorders at any age in children born to women with fertility problems
in comparison with children born to women without fertility problems. All HRs areadjusted for year of birth, birth order (1, 2,≥3), sex, maternal age at birth
(≤25, 26–28, 29–32, ≥33 years), paternal age at birth (≤26, 27–30, 31–34, ≥35 years) and parental history of mental disorder (yes/no). The sizes of the
diamonds are proportional to the number of events in each group.

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

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

Table III Hazard ratios (HRs) and 95% confidence intervals (CIs) for severe mental disorders in childhood (0–19 years) and
in youngadulthood(20–40 years) forchildrenborn towomenwith fertility problems comparedwith children born towomen
without fertility problems.

Discharge diagnosis Childhood Young adulthood

Nexposed/Nunexposed HR (95% CI) Nexposed/Nunexposed HR (95% CI) P, difference

Any mental disorder 5715/85 611 1.22 (1.19–1.25) 2 128/75 232 1.27 (1.22–1.33) 0.10

Organic, including symptomatic, mental disorder 34/1017 0.97 (0.69–1.37) 54/1846 1.45 (1.10–1.91) 0.07

Mental disorders due to psychoactive substance use 272/4813 1.38 (1.22–1.57) 523/14 936 1.48 (1.36–1.62) 0.38

Schizophrenia 269/5302 1.21 (1.06–1.37) 290/10 798 1.13 (1.00–1.27) 0.46

Mood (affective) disorders 545/9085 1.26 (1.16–1.38) 747/26 844 1.18 (1.10–1.27) 0.25

Neurotic, stress-related and somatoform disorders 1637/26 003 1.25 (1.19–1.31) 1202/41 210 1.26 (1.19–1.34) 0.77

Behavioural syndromes associated with physiological
and physical factors

299/6050 1.03 (0.92–1.16) 203/7122 1.17 (1.01–1.34) 0.19

Disorders of adult personality and behaviour 418/8702 1.21 (1.09–1.33) 713/21 963 1.37 (1.27–1.48) 0.04

Mental retardation 444/6001 1.22 (1.10–1.34) 41/1792 1.03 (0.75–1.41) 0.33

Disorders of psychological development 1560/20 938 1.14 (1.09–1.21) 35/997 1.29 (0.92–1.82) 0.48

Autism spectrum disorder 910/10 740 1.06 (0.99–1.13) 28/753 1.39 (0.95–2.03) 0.17

Behavioural and emotional disorder with early onset 2181/27 836 1.27 (1.22–1.33) 130/2574 1.72 (1.44–2.06) ,0.001

Attention-deficit hyperactivity disorder 1152/13 482 1.33 (1.26–1.42) 117/2165 1.73 (1.43–2.09) 0.01

Unspecified mental disorder 196/3324 1.09 (0.94–1.27) 213/6220 1.35 (1.18–1.56) 0.04

HRs adjusted for year of birth, birth order (1, 2, ≥3), sex, maternal age at birth (≤25, 26–28, 29–32, ≥33 years), paternal age at birth (≤26, 27–30, 31–34, ≥35 years) and parental
history of mental disorder (yes/no).
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Bale, 2012). This suggestion is supported by recent findings of increased
fetal testosterone in the amniotic fluid of children who later received a
diagnosis of ASD (Baron-Cohen et al., 2015). However, in the present
study design we did not include information on fertility treatment and
were therefore unable to distinguish between the effects of infertility
and fertility treatment.

Some limitations of our study should be noted. We only had informa-
tion on mental disorders so severe that they warranted hospitalization or
outpatient care at hospitals. Therefore, the present study was not
designed to analyse the association between fertility status and less
severe mental disorders. Maternal fertility status (i.e. exposure status)
was identified using information from all public gynaecological depart-
ments and private fertility clinics in Denmark supplemented with infor-
mation from the Danish National Patient Registry and the Danish IVF
Registry; consequently most women evaluated for fertility problems in
the study period were identified. However, some women have undiag-
nosed fertility problems and some may have been referred to private
gynaecologists or midwifes; wherefore the obtained risk estimates may
be slightly underestimated. Also, although we controlled for several im-
portant potential confounders, including age, sex, birth year, birth order,
maternal age at birth, paternal age at birth and parental history of mental
disorder; however, we cannot rule out the possibility that there could be
other confounders that we were unable to control for. In contrast to
other studies (Pinborg et al., 2004; Maimburg and Vaeth, 2007; Bay
et al., 2013; Grether et al., 2013; Lethi et al., 2013), we chose not to
adjust for perinatal factors such as gestational age, preterm birth, multiple
gestations and low birthweight, as it has been shown that such adjust-
ment may introduce bias (Peterson et al., 2006). Furthermore, perinatal
factors may be considered intermediary factors rather than potential
confounders and should therefore not be adjusted for when examining
the effect of the primary exposure (i.e. maternal fertility problems) on
the outcome (i.e. mental disorders), unless examining mediating vari-
ables. Adjustment for socioeconomic status could be argued for as
ASD is more likely to be identified in children whose parents have long
education (Baird et al., 2006), and women with higher socioeconomic
status may be more likely to use fertility treatment (Lethi et al., 2013).
In Denmark, however, all visits to general practitioners are free of
charge and fertility treatment is heavily subsidized, for what reason the
proportion of women in different socioeconomic groups who use fertility
treatment may be more homogenous than in other Western countries.
However, as socioeconomic status is also associated with differences in
various lifestyle factors, we cannot rule out that our risk estimates may be
slightly affected by unmeasured confounding of socioeconomic status.
Finally, during the study period, the classification codes for mental disor-
ders changed from the ICD-8 (1969–1994) to ICD-10 (1995–2009),
which might have affected the results of the study; however, sensitivity
analyses restricted to the period in which only ICD-10 codes were
used (children born after 1994) gave results that were virtually un-
changed (data not shown).

In conclusion, our results show that children born to women with fer-
tility problems are at increased risk for severe mental disorders in both
childhood and young adulthood. Further large studies with differentiation
between factors related to fertility treatment and to the underlying infer-
tility are needed to elucidate the mechanisms. Irrespective of whether
the increased risk is related to the treatment or the underlying infertility,
this study shows that children born to women with fertility problems are
at a modestly increased risk of severe, long-term mental health

consequences. It is therefore important to focus on the long-term
health of these children.
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for 2013 [Danish]. www.fertilitetsselskab.dk/images/2014_dok/2013_
resultater/dfs2013.pdf (14 November 2014, date last accessed).

European Society of Human Reproduction and Embryology. The world’s
number of IVF and ISCI babies has now reached a calculated total of 5
million. 2012. www.eshre.eu/ESHRE/English/press-Room/Press-Release/
Press-release-2012/5-milion-babies/page.aspx/1606 (14 November 2014,
date last accessed).

Evers JL. Female subfertility. Lancet 2002;360:151–159.
Ferraretti AP, Goossens V, Kupka M, Bhattacharya S, de Mouzon J, Castilla JA,

Erb K, Korsak V, Nyboe Andersen A. The European IVF-monitoring (EIM)
Consortium, for the European Society of Human Reproduction and
Embryology (ESHRE). Assisted reproductive technology in Europe,
2009: results generated from European registers by ESHRE. Hum Reprod
2013;28:2318–2331.

Flashner BM, Russo ME, Boileau JE, Leong DW, Gallicano GI. Epigenetic
factors and autism spectrum disorders. Neuromolecular Med 2013;
15:339–350.

Fortiere AL, Lopes FL, Darricarrere N, Martel J, Trasler JM. Superovulation
alters the expression of imprinted genes in the midgestation mouse
placenta. Hum Mol Genet 2008;17:1653–1665.

Funderburk SJ, Carter J, Tanguay P, Freeman BJ, Westlake JR. Parental
reproductive problems and gestational hormonal exposure in autistic
and schizophrenic children. J Autism Dev Disord 1983;13:325–332.

Grether JK, Qian Y, Croughan MS, Wu YW, Schembri M, Camarano L,
Croen LA. Is infertility associated with childhood autism? J Autism Dev
Disord 2013;43:663–672.

Hansen M, Kurinczuk JJ, Milne E, de Klerk N, Bower C. Assisted reproductive
technology and birth defects: a systematic review and meta-analysis. Hum
Reprod Update 2013;19:330–353.

Horsthemke B, Ludwig M. Assisted reproduction: the epigenetic
perspective. Hum Reprod Update 2005;11:473–482.

Hvidtjorn D, Grove J, Schendel D, Schieve LA, Svaerke C, Ernst E, Thorsen P.
Risk of autism spectrum disorders in children born after assisted
conception: a population-based follow-up study. J Epidemiol Community
Health 2011;65:497–502.

Jensen A, Sharif H, Frederiksen K, Kjær SK. Use of fertility drugs and risk of
ovarian cancer: Danish population based cohort study. BMJ 2009;
338:b249.

Jessen HM, Auger AP. Sex differences in epigenetic mechanisms may underlie
risk and resilience for mental health disorders. Epigenetics 2011;6:857–861.

Källén AJB, Finnstrøm OO, Lindam AP, Nilsson EME, Nygren KG, Otterblad
Olausson PM. Is there an increased risk for drug treated attention deficit/
hyperactivity disorder in children born after in vitro fertilization? Eur J
Paediatr Neurol 2011;15:247–253.

Kissin DM, Zhang Y, Boulet SL, Fountain C, Bearman P, Schieve L, Yeargin-
Allsopp M, Jamieson DJ. Association of assisted reproductive technology
(ART) treatment and parental infertility diagnosis with autism in
ART-conceived children. Hum Reprod 2015;30:454–465.

Landrigan PJ. What causes autism? Exploring the environmental contribution.
Curr Opin Pediatr 2010;22:219–225.

Leese HJ, Donnay I, Thompson JG. Human assisted conception; a cautionary
tale. Lessons from domestic animals. Hum Reprod 1998;13:184–202.

Lethi V, Brown AS, Gissler M, Rihko M, Suominen A. Autism spectrum
disorders in IVF children: a national case-control study in Finland. Hum
Reprod 2013;28:812–818.

Lyall K, Pauls DL, Spiegelman D, Satangelo SL, Ascherio A. Fertility therapies,
infertility and autism spectrum disorders in the Nurses Health Study II.
Paediatr Perinat Epidemiol 2012;26:361–372.

Lyall K, Baker A, Hertz-Picciotto I, Walker CK. Infertility and its treatment in
association with autism spectrum disorders: a review and results from the
CHARGE study. Int J Environ Res Public Health 2013;10:3715–3734.

Maimburg RD, Vaeth M. Do children born after assisted conception have
less risk of developing infantile autism? Hum Reprod 2007;22:1841–1843.

Mamidala MP, Polinedi A, Kumar PT, Rajesh PT, Vallamkonda OR, Udani V,
Singhal N, Rajesh V. Maternal hormonal interventions as a risk factor for
autism spectrum disorder: an epidemiological assessment from India.
J Biosci 2013;38:887–892.

McDonnald SD, Han Z, Mulla S, Murphy KE, Beyene J, Ohlsson A, Knowledge
Synthesis Group. Preterm birth and low birth weight among in vitro
fertilization singletons: a systematic review and meta-analysis. Eur J
Obstet Gynecol Reprod Biol 2009;146:138–148.

McDonnald SD, Han Z, Mulla S, Ohlsson A, Beyene J, Murphy KE, Knowledge
Synthesis Group. Preterm birth and low birth weight among in vitro
fertilization twins: a systematic review and meta-analysis. Eur J Obstet
Gynecol Reprod Biol 2010;148:105–113.

Millan MJ. An epigenetic framework for neurodevelopmental disorders:
from pathogenesis to potential therapy. Neuropharmacology 2013;
68:2–82.

Morgan CP, Bale TL. Sex difference in microRNA regulation of gene
expression: no smoke just miRs. Biol Sex Differ 2012;3:22.

Mors O, Perto GP, Mortensen PB. The Danish Psychiatric Central Research
Register. Scand J Public Health 2011;39:54–57.

Nugent BM, McCarthy MM. Epigenetic underpinnings of developmental sex
differences in the brain. Neuroendocrinology 2011;93:150–158.

O’Roak BJ, Vivas L, Fu W, Egertson JD, Stanaway IB, Phelps IG, Carvill G,
Kumar A, Lee C, Ankenman K et al. Multiplex targeted sequencing
identifies recurrently mutated genes in autism spectrum disorders.
Science 2012;338:1619–1622.

Pandey S, Shetty A, Hamilton M, Bhattacharya S, Maheshwari A. Obstetric
and perinatal outcomes in singleton pregnancies resulting from IVF/ICSI:
a systematic review and meta-analysis. Hum Reprod Update 2012;
18:485–503.

Paoloni-Giacobino A, Chaillet JR. Genomin imprinting and assisted
reproduction. Reprod Health 2004;1:6.

Pedersen CB. The Danish Civil Registration System. Scand J Public Health
2011;39:22–25.

Peterson M, Sinisi SE, van der Lann MJ. Estimation of direct causal effects.
Epidemiology 2006;17:276–284.

Pinborg A, Loft A, Schmidt L, Greisen G, Rasmussen S, Andersen AN.
Neurological sequelae in twins born after assisted conception:
controlled national cohort study. BMJ 2004;329:311.

Pinborg A, Loft A, Aaris Henningsen AK, Rasmussen S, Andersen AN.
Infant outcome of 957 singletons born after frozen embryo
replacement: the Danish National Cohort Study 1995–2006. Fertil Steril
2010;94:1320–1327.

Sandin S, Nygren KG, Iliadou A, Hultman CM, Reichenberg A. Autism and
mental retardation among offspring born after in vitro fertilization. JAMA
2013;310:75–84.

Shimada T, Kitamoto A, Todokoro A, Ishii-Takahasi A, Kuwabara H, Kim SY,
Watanabe K, Minowa I, Someya T, Ohtsu H et al. Parental age and assisted
reproductive technology in autism spectrum disorders, attention deficit
hyperactivity disorder, and Tourette syndrome in a Japanese population.
Res Autism Spectr Disord 2012;6:500–507.

Stein D, Weizman A, Ring A, Barak Y. Obstetric complications in individuals
diagnosed with autism and in healthy controls. Compr Psychiatry 2006;
47:69–75.

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