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Background: Attention deficit hyperactivity disorder (ADHD) and its possible causes still attract controversy. Genes, pre and perinatal risks, psychosocial factors and environmental toxins have all been
considered as potential risk factors. Method: This review (focussing on literature published since 1997,
selected from a search of PubMed) critically considers putative risk factors with a focus on genetics and
selected environmental risks, examines their relationships with ADHD and discusses the likelihood that
these risks are causal as well as some of the main implications. Results: No single risk factor explains
ADHD. Both inherited and noninherited factors contribute and their effects are interdependent. ADHD is
familial and heritable. Research into the inherited and molecular genetic contributions to ADHD suggest
an important overlap with other neurodevelopmental problems, notably, autism spectrum disorders.
Having a biological relative with ADHD, large, rare copy number variants, some small effect size candidate
gene variants, extreme early adversity, pre and postnatal exposure to lead and low birth weight/prematurity have been most consistently found as risk factors, but none are yet known to be definitely causal.
There is a large literature documenting associations between ADHD and a wide variety of putative environmental risks that can, at present, only be regarded as correlates. Findings from research designs that
go beyond simply testing for association are beginning to contest the robustness of some environmental
exposures previously thought to be ADHD risk factors. Conclusions: The genetic risks implicated in
ADHD generally tend to have small effect sizes or be rare and often increase risk of many other types of
psychopathology. Thus, they cannot be used for prediction, genetic testing or diagnostic purposes beyond
what is predicted by a family history. There is a need to consider the possibility of parents and siblings
being similarly affected and how this might impact on engagement with families, influence interventions
and require integration with adult services. Genetic contributions to disorder do not necessarily mean that
medications are the treatment of choice. We also consider how findings might influence the conceptualisation of ADHD, public health policy implications and why it is unhelpful and incorrect to dichotomise
genetic/biological and environmental explanations. It is essential that practitioners can interpret genetic
and aetiological research findings and impart informed explanations to families. Keywords: ADHD,
genetics, risk factors, perinatal, prenatal, aetiology, environmental–gene interactions.

Introduction
Despite still periodically attracting public controversy, attention deficit hyperactivity disorder (ADHD)
has long been recognised as a clinical entity (Taylor,
2011). In the last few decades, there has been an
enormous amount of research into the aetiology of
ADHD. What should we believe? How do research
findings impact on clinical practice if at all? In this
article, our aims are to critically review selected
factors that have been considered as likely contributors to ADHD risk, update practitioners on key
findings and their interpretation and provide some
‘take-home’ messages. In accordance with Kraemer
et al. (Kraemer, Stice, Kazdin, Offord, & Kupfer,
2001), we use the terms ‘risk’ to mean the probability
of developing an outcome (herein, ADHD) within a
population of subjects, ‘correlate’ where a factor is
associated with outcome, ‘risk factor’ where a factor
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and Conditions set out at http://wileyonlinelibrary.com/
online open#OnlineOpen_Terms
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precedes outcome and ‘causal risk factor’ where
a factor alters the risk of outcome when manipulated.

Methods
This is a narrative review, focusing on literature in
the last 15 years, selected from a PubMed search.
The key words used were ADHD and genetic, inherited, gene-environment interaction, gene-environment interplay, aetiology, linkage, genome-wide
association study, copy number variant, twin studies, adoption studies, COMT, conduct disorder,
candidate gene, environment, toxins, lead, polychlorinated biphenyls, PCB, pesticides, diet, prenatal, perinatal, pregnancy, smoking, tobacco,
substance, stress, birth weight and prematurity. We
supplemented these with reviews and book chapters
and emphasise replicated findings.

An inherited contribution to ADHD
Attention deficit hyperactivity disorder, like other
psychiatric and developmental disorders runs in
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families. Genetic risk when passed on from parents
is known as inherited risk/liability; not all genetic
risks are necessarily inherited (see later). First degree relatives of those with ADHD are two to eight
times more likely than relatives of unaffected individuals to also show ADHD (Faraone et al., 2005).
Twin studies in many different countries show high
heritability rates for ADHD of around 71–90%
(Faraone et al., 2005; Nikolas & Burt, 2010; Thapar,
Holmes, Poulton, & Harrington, 1999) with evidence
of shared familial/inherited risks for combined and
inattentive type symptoms (Willcutt et al., 2012).
Heritability estimates not only include genetic
influences, but also the effects of gene-environment
interplay that are very likely to be important (see
later). Thus, high heritability estimates do not rule
out the contribution of environmental risks. Although caution is needed in interpreting absolute
estimates of heritability, what is interesting is that
findings are consistent across different populations
and measures. That is not always the case. For
example, twin studies of child and adolescent
depression show widely differing heritability estimates (Thapar & Rice, 2006). Estimates will also
depend on the population studied and environmental context. For example, theoretically if everyone in
a population was equally exposed to an environmental risk factor of major effect size, most variation
in disorder would be explained by genetic differences. Thus, the consistency in heritability estimates
is surprising as it might be expected that environmental risks would differ across time and for different countries.
Adoption studies allow separation of inherited and
postnatal environmental effects by examining the
degree of concordance or similarity between individuals who have ADHD and their biologically related
and unrelated relatives. All five published adoption
studies of ADHD (Alberts-Corush, Firestone, & Goodman, 1986; Cantwell, 1975; Cunningham, Cadoret,
Loftus, & Edwards, 1975; Morrison & Stewart, 1973;
Sprich, Biederman, Crawford, Mundy, & Faraone,
2000) are consistent in showing a strong inherited
contribution. Do genetically informative designs like
adoption studies simply show this consistent pattern
of strong inherited effects for all psychopathology?
The answer is that findings are not identical across all
phenotypes. For example, genetically informative
studies of depression and antisocial behaviour (Harold et al., 2011; Lewis, Rice, Harold, Collishaw, &
Thapar, 2011; Silberg, Maes, & Eaves, 2012; Tully,
Iacono, & McGue, 2008) show the important contribution of noninherited factors to intergenerational
transmission of these problems and highlight that the
manifestation of genetic liability varies with the
environmental context (Rhee & Waldman, 2002). Although when taken with family and twin study findings, adoption studies of ADHD suggest an important
inherited contribution to ADHD, they do not remove
the influence of prenatal risks or early postnatal
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adversity. Future adoption studies of ADHD will be
invaluable, especially those that involve adoption at
birth and look more closely at environmental influences that modify the clinical presentation and outcomes in those at higher genetic risk.
Finally, as we will keep emphasising, the issue is
never genes or biology versus environment given that
there is overwhelming evidence that their effects are
so closely intertwined (Rutter, 2006). The most
important environmental risk factors for psychopathology, including ADHD and its secondary adverse
consequences, are likely to be affected by genetically
influenced parental and child dispositions (Rutter,
2006); for example, prenatal exposure to maternal
cigarette smoking or peer rejection (gene-environment correlation). Thus, associations of environmental risks with ADHD might arise completely or
partly through inherited confounds and genetic risks
might operate on manifest phenotypes through
environmental mechanisms (see Figure 1). Genetic
risks can also influence susceptibility by altering
individual sensitivity to environmental risks or protective factors (gene-environment interaction; Nigg,
Nikolas, & Burt, 2010).

The overlap of ADHD with other
developmental and psychiatric disorders
ADHD shows comorbidity with a wide variety of
problems (Taylor, 2011; Willcutt et al., 2012). There
are well-established strong associations with lower
IQ and intellectual disability, specific learning and
developmental problems, such as reading disability,
speech and language problems, motor co-ordination
difficulties and also autistic spectrum disorders
(ASDs). Recent twin studies suggest that shared
inherited factors contribute to the comorbidity of
ADHD and other neurodevelopmental problems,
including ASDs (Lichtenstein, Carlstrom, Rastam,
Gillberg, & Anckarsater, 2010; Ronald, Larsson,
Anckarsater, & Lichtenstein, 2011; Ronald, Simonoff, Kuntsi, Asherson, & Plomin, 2008) and reading
problems, especially with regards to the inattentive
features of ADHD (Willcutt, Pennington, & DeFries,
2000). The close clinical relationships, shared genetic
risk factors, coupled with other shared features,
notably an early age of onset and male excess, provide
a strong argument for considering ADHD as one of a
group of neurodevelopmental disorders (Rutter, 2011).
However, ADHD also shows a high level of comorbidity with other psychiatric and behavioural
disorders, notably conduct problems/antisocial
behaviour, alcohol and substance misuse and mood
disorders, that is explained by shared heritability
(Cole, Ball, Martin, Scourfield, & McGuffin, 2009;
Thapar, Harrington, & McGuffin, 2001; Willcutt et al.,
2012). Thus, there is also a view that ADHD might be
best considered as one of a cluster of externalising
disorders (Andrews, Pine, Hobbs, Anderson, & Sunderland, 2009). However, one key difference from the
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Figure 1 The associations of environmental risks with child attention deficit hyperactivity disorder, illustrating how environmental
mediation may operate for (A) prenatal and (B) perinatal risks

overlap with neurodevelopmental problems is that
some of these problems/disorders can present later in
development and might arise as a consequence of
having ADHD (analogous to diabetes potentially
resulting in blindness; Fergusson & Horwood, 1995;
Taylor, Chadwick, Heptinstall, & Danckaerts, 1996),
although that is not necessarily the case for early
onset conduct problems that are closely associated
with ADHD (Willcutt et al., 2012).

ADHD genetics
Identifying ADHD ‘risk genes’
Genetics is not much different from other aetiological
research, in that it involves testing for a relationship
between variation in a risk/predictor measure and
an outcome. New technologies are, however, allowing
for the more detailed capture of genetic variation. For
common, complex disorders, such as ADHD, the
predominant starting assumption has been that risk
is mainly explained by multiple common gene variants of small effect size as well as environmental

risks. Family-based linkage study findings have not
been consistent with a more simplistic ‘major gene
effect model’.

Early candidate gene studies: starting with what we
think we know
The earliest studies of ADHD involved testing for
association between disorder and variants in candidate genes selected because they were thought likely
to be involved in the pathophysiology of ADHD.
Multiple candidate gene association studies of ADHD
have been published (see Gizer, Ficks, & Waldman,
2009). There is greater confidence in findings that
have been replicated and show association in metaanalyses and pooled analyses. For ADHD, a number
of these early studies found replicated evidence for
association – see Table 1. This relatively large body
of replicated findings compared favourably to other
research into other psychiatric disorders and further
supported evidence that genetic factors were important in the aetiology of ADHD. However, the effect
size of each risk variant is small and thus there is no
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Table 1 Candidate genes with the most consistent meta-analytic evidence for association with attention deficit hyperactivity disorder
Gene name

Codes for

Dopaminergic genes
DRD4
Dopamine D4 receptor

DRD5
DAT1

Dopamine D5 receptor
Carrier protein involved
in dopamine reuptake

Serotonergic genes
5HTT
Carrier protein involved
in serotonin reuptake
HTR1B
Serotonin 1B receptor
Other
SNAP-25
Protein involved in
neurotransmitter release,
synaptic plasticity and
axonal growth

Variant

Risk allele

Pooled odds ratio

VNTR in exon 3
Polymorphism in promoter
region
Dinucleotide repeat in 5¢ flank
VNTR in intron 8
Polymorphism in 3¢UTR
VNTR in 3¢UTR

7-repeat
5-repeat
T allele
148-bp allele
3 repeat
G allele
10 repeat

1.33
1.68
1.21
1.23
1.25
1.20
1.17

5HTTLPR polymorphism in
promoter region
Polymorphism in exon 1

Long allele

1.31 (Faraone et al., 2005)

G allele

1.11 (Gizer et al., 2009)

Polymorphism in 3¢UTR

Not known

1.19 (Faraone et al., 2005)

(Smith, 2010)
(Li et al., 2006)
(Gizer et al., 2009)
(Gizer et al., 2009)
(Gizer et al., 2009)
(Gizer et al., 2009)
(Yang et al., 2007)

VNTR, variable number tandem repeat; UTR, untranslated region.

predictive value and nor do they highlight novel
biological mechanisms.

Searching the whole genome: common
and rare variants
Common DNA sequence variants
One of the rationales for undertaking genetic studies
is to discover previously unidentified risk pathways.
This has led to ‘hypothesis-free’ whole genome
searches for common genetic variants (SNPs) that
tagged much (but not all) genetic variation. Detailed
accounts of such genome-wide association studies
(GWAS) findings and methods are described elsewhere (Franke, Neale, & Faraone, 2009; Stergiakouli
& Thapar, 2010). GWAS that have been based on
testing common genetic variants (single nucleotide
polymorphisms, SNPs) of ADHD have been disappointing. No study to date, including a meta-analysis
(Neale et al., 2010), has revealed any gene variant
that passes the statistical threshold (p = 5 · 10)8)
for genome-wide significance. The statistical
threshold is set high because of the multiple testing
burden (recent published studies include testing
500,000–1 million genetic variants; p-values of .05
would therefore include 25,000–50,000 SNPs significant by chance). However, it is now apparent that
none of these studies was adequately sized. To date,
the largest meta-analysis includes fewer than 3000
ADHD cases. Studies of other disorders (e.g. diabetes, schizophrenia) have required thousands and
tens of thousands of affected individuals for associated SNPs to reach statistical significance.
There are mixed opinions on the value of such
studies. On the one hand, identifying common gene
variants that uncover novel biological risk pathways
underlying psychiatric disorder is attractive and

potentially important. The aim is for this to be
achieved by assembling much larger ADHD sample
sizes through international collaborations and by
performing exome (genetic coding regions) and whole
genome sequencing to capture all DNA sequence
variation and structural variants (e.g. chromosomal
deletions, duplications; Cirulli & Goldstein, 2010;
Lander, 2011). Others are more sceptical, suggesting that common genetic variants, at least as currently captured, might not be as important as rare
variants in psychiatric disorders (St Clair, 2009), or
are worried about the value of identifying risk
variants of small effect size (Maher, 2008). The
counterarguments, herein, are that the genetic
architecture of ADHD appears to be explained by a
complex blend of common and rare variants and
that the aims of genetic searches are to uncover
novel biological and brain risk mechanisms, rather
than focus on individual risk factors. All are agreed,
however, that better understanding of the pathogenesis of psychiatric disorders, including ADHD, is
needed.

Rare chromosomal structural variants
There has been growing interest in the contribution
of rare (traditionally defined as frequency of <1%)
rather than common genetic variants to neuropsychiatric disorders, the effects of which have needed
to be very large to be detected. It is has long been
recognised that rare chromosomal microdeletion
syndromes, such as 22q11 microdeletion syndrome
(velocardiofacial syndrome, VCFS), that involve a
deletion encompassing many genes, can lead to
increased risk of ADHD and psychosis (Antshel
et al., 2006). Even more subtle chromosomal duplications and deletions, known as structural or copy
number variants (CNVs) are becoming increasingly

 2012 The Authors. Journal of Child Psychology and Psychiatry  2012 Association for Child and Adolescent Mental Health.

doi:10.1111/j.1469-7610.2012.02611.x

recognised as an important class of genetic variation.
All individuals carry CNVs. However, individuals
with a variety of brain and neuropsychiatric disorders, including autism (Glessner et al., 2009), intellectual disability (ID; Cooper et al., 2011) and
schizophrenia (Grozeva et al., 2012; Raychaudhuri
et al., 2010), appear to have an increased burden of
rare CNVs, both deletions and duplications, that are
of larger size (still submicroscopic, but >500 kb) and
encompass multiple different genes.
It is now frequently recommended that clinical
genetics services should screen for CNVs in individuals with idiopathic ID (Schaaf, Wiszniewska, &
Beaudet, 2011). However, working out which CNVs
are pathogenic is not always straightforward. Like
with most risk factors, in most instances, there is not
a one-to-one relationship between risk and clinical
outcome.
The earliest CNV studies of ADHD did not find an
increased burden of rare CNVs, but suggested disruption of neurodevelopmental pathways (Elia
et al., 2010; Lesch et al., 2011). More recently, the
focus has turned to large (>500 kb), rare CNVs. Our
UK study found an increased burden of large, rare
CNVs in ADHD and that the chromosomal regions
involved significantly overlapped with those previously found in autism and schizophrenia (Williams
et al., 2010). Although especially high in those with
ADHD and ID, the rate of CNVs was not restricted
to this group and all analyses were restricted to
those without ID. These findings have now been
independently replicated (Stergiakouli et al., 2012;
Williams et al., 2012). Two specific chromosomal
regions have been significantly implicated; one on
16p13.11 that was found in the UK and an
Icelandic sample (Williams et al., 2010), and the
other potentially involves a region on chromosome
15q11–13 (that contains the nicotinic a7 acetylcholine receptor gene; Stergiakouli et al., 2012;
Williams et al., 2012).
As previously highlighted, as would be expected
for any risk factor for a complex disorder (e.g.
smoking and ischaemic heart disease), the risk factor (herein a higher burden of large rare CNVs) was
not found in all children with ADHD and was present
in controls (14% vs. 7%; Williams et al., 2010) who
remained presumably unaffected (although this was
not definitely known as control phenotype data in
genotyped samples are not usually available). Large,
rare CNVs are interesting because although rare,
their effect size has had to be large to be detected
[e.g. odds ratio of 13.88 for CNVs spanning 16p13.11
(Williams et al., 2010)], (much larger than is the case
for common variants).
Given their rarity, are the children with ADHD who
carry large, rare CNVs clinically and biologically
atypical? One study found that the children with
ADHD with and without such CNVS showed similar
clinical features (Langley et al., 2011). Another
study showed that the biological pathways impacted
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upon by large, rare CNVs significantly overlapped
with those indexed by common genetic variants
(Stergiakouli et al., 2012). These findings suggest
that large, rare CNVs do not necessarily result in an
atypical form of ADHD. Moreover, the findings suggest that dismissing the contribution of common
variants to psychiatric disorder, as some suggest,
might be premature. Future research needs to consider models that incorporate both rare and common
variants.
Overall, the CNV findings once again suggest that
ADHD shows an overlap with other neurodevelopmental disorders, in this instance, autism and
schizophrenia. It is of interest that association
between CNVs and mood disorders has not been
consistently found suggesting that such variants
might be especially important in neurodevelopmental disorders (Grozeva et al., 2010).
Many questions remain despite replication. Which
of the associated CNVs are causal? Newer research
of autism and schizophrenia suggests that both rare
sequence and structural variants will be important
to examine and that noninherited CNVs that occur
de novo contribute to sporadic cases. Interestingly,
environmental factors might contribute to the
appearance of de novo mutations (Najmabadi et al.,
2011). This has yet to be properly investigated in
ADHD. Another critical question is how does the
same genetic variant result in a different psychiatric
or developmental phenotype? It is not unusual in
other areas of medicine for the same risk factor to
result in different disorders (e.g. cigarette smoking
leads to heightened risks for lung cancer and
ischaemic heart disease). Are there additional common and rare genetic and nongenetic factors that
shape clinical presentations?

Antisocial behaviour in ADHD and COMT
ADHD shows considerable clinical heterogeneity in
terms of symptom severity, admixture of symptoms,
developmental course and comorbidity that are
influenced by inherited and noninherited factors. So
far there have been few consistent findings that have
withstood replication and pooled analyses as to
what genetic variants might influence ADHD phenotype variation. One exception is a functional variant in the gene encoding the enzyme COMT (COMT
val158met) that is the primary mechanism for
breakdown of dopamine in the prefrontal cortex.
This gene variant modifies COMT enzyme activity
whereby those with the val/val genotype have a
higher activity version of the enzyme and breakdown
dopamine more rapidly. This gene variant has been
found to be associated with conduct disorder symptoms in two clinical studies of ADHD (Monuteaux,
Biederman, Doyle, Mick, & Faraone, 2009; Thapar
et al., 2005), three independent population-based
cohorts and a pooled analysis (Caspi et al., 2008;
Langley, Heron, O’Donovan, Owen, & Thapar, 2010);
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although as expected, nonreplications have also
been published (Sengupta et al., 2006). The effect
size is modest, but strongest for more severe conduct problems [e.g. odds ratio for association with
conduct disorder in ADHD vs. no conduct disorder
in ADHD = 3.37 (Langley, Heron, et al., 2010)]. Also,
the COMT val158met variant is only associated
with antisocial behaviour in the presence of ADHD
and not with antisocial behaviour alone (Caspi et al.,
2008; Langley, Heron, et al., 2010). These findings suggest that risk factors for antisocial behaviour in the context of ADHD are not necessarily the
same as antisocial behaviour in the general
population.
The next question is how might this gene variant
exert risk effects? There are a few clues from clinical,
cognitive and imaging studies. These studies, that
include a meta-analysis, suggest that the COMT
val158met variant in normal individuals is associated with performance on executive function measures and emotional dysfunction (Mechelli et al.,
2009; Meyer-Lindenberg & Weinberger, 2006; Mier,
Kirsch, & Meyer-Lindenberg, 2010). A recent study
suggests that the COMT val158met variant is associated with both executive function and impaired
social understanding, but the links with antisocial
behaviour in ADHD appear to be mediated through
impaired social understanding (Langley, Heron,
et al., 2010). If this finding is replicated, and different genetic and environmental risks impact on the
same pathways, it suggests alternative treatment
targets for the prevention and treatment of antisocial
behaviour in ADHD; for example, targeting the social
cognitive impairments in ADHD or undertaking pilot
studies of COMT inhibitors in those with extreme,
intractable aggression.

What do we know about environmental risks?
Many different environmental factors have been
reportedly associated with ADHD, but it has been
difficult to identify which are definitely causal (see

Lahey, D’Onofrio, & Waldman, 2009; Rutter, 2007;
Thapar & Rutter, 2009 for more detailed explanations). As correlation does not necessarily mean
causation, extreme caution is needed when interpreting association findings from epidemiological
and clinical studies. Many observed associations
could arise as a consequence of child and/or parent
psychopathology or disposition (e.g. negative
mother–child relationship). They could also represent the effects of an unmeasured ‘third variable’ (see
Figure 1). Most putative environmental factors (e.g.
maternal smoking in pregnancy) are not randomly
distributed and could arise because of individuals
and/or their parents selecting or shaping their environments. As randomised controlled trials (RCTs) of
potential environmental risks and their modification
are not always possible or ethical, other types of designs that include quasi experimental, genetically
informative and longitudinal studies are helpful in
removing some, but not all, of these confounding and
reverse causation effects. The aim is to rigorously
attempt to disprove causal hypotheses using different designs (see Lahey et al., 2009; Rutter, 2007).
There are many good examples where through
such approaches, environmental risks have been
found to be causal. For example, for antisocial behaviour, there is consistent evidence from longitudinal
(Patterson, DeGarmo, & Forgatch, 2004), randomised
control treatment trials (Scott et al., 2010), quasiexperimental research (Costello, Compton, Keeler, &
Angold, 2003) and genetically informative studies
(Jaffee et al., 2004) that negative parenting, maltreatment and poverty are causal risk factors, especially in those that are also genetically susceptible.
For ADHD, this quality of evidence is mainly lacking
– see Table 2 for a summary of the environmental
factors that have been most widely studied. To limit
the scope of this review, we do not focus on
environmental factors associated with ADHD continuity or that are manipulated as an intervention for
those who already have ADHD (notably dietary
interventions).

Table 2 Environmental risks that have been most commonly been studied in relation to attention deficit hyperactivity disorder
Pre- and perinatal
factors

Environmental toxins

Dietary factors

Psychosocial adversity

Maternal smoking,
alcohol and substance
misuse
Risk but not proven
causal risk factor

Organophosphate
pesticides
Risk but not proven
causal risk factor

Nutritional deficiencies eg zinc, magnesium,
polyunsaturated fatty acids
Correlate not yet proven risk factor

Family adversity & low
income
Correlate not yet proven
risk factor

Maternal stress
Risk but not proven
causal risk factor

Polychlorinated
biphenyls
Risk but not proven
causal risk factor

Nutritional surpluses eg sugar,
artificial food colourings
Correlate not yet proven risk factor

Conflict/parent–child hostility
Correlate not yet proven risk
factor

Low birth weight and
prematurity
Risk but not proven
causal risk factor

Lead
Risk but not proven
causal risk factor

Low/high IgG foods
Correlate not yet proven risk factor

Severe early deprivation
Risk, likely causal risk factor
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Pre and perinatal risks
Maternal smoking during pregnancy is one of the most
commonly cited prenatal risks associated with increased rates of ADHD in pooled analyses with an
estimated odds ratio of 2.36 (Langley, Rice, van den
Bree, & Thapar, 2005). Associations with both ADHD
symptoms and diagnoses have been observed using
maternal reports of cigarette smoking and objective
measures of serum cotinine, whereas a dose–
response relationship has also been seen – the more
the mother smokes, the greater the associated risk.
Similarly, maternal stress during pregnancy has also
been noted to be associated with offspring ADHD (e.g.
Glover, 2011; Grizenko, Shayan, Polotskaia, TerStepanian, & Joober, 2008). Although there are biologically plausible mechanisms through which these
risks could lead to ADHD, it remains unclear whether
or not the associations are causal (Thapar & Rutter,
2009). There is growing evidence from studies using
genetically sensitive designs, based on children who
remain unrelated to their mothers through assisted
conception and siblings where the mother has
smoked during one pregnancy and not the other
(D’Onofrio et al., 2008; Rice, Harold, Boivin, van den
Bree, & Thapar, 2009; Thapar et al., 2009), that
associations between maternal smoking, stress during pregnancy and ADHD (D’Onofrio et al., 2010; Rice
et al., 2009) are due, at least in part, to confounding
genetic or other household-level factors. Interestingly,
the same designs did not find that inherited confounds contributed to the links between maternal
stress and offspring antisocial behaviour and mood/
anxiety problems. Also, there is no evidence that as
rates of maternal smoking in pregnancy have dropped
(Office for National Statistics, 2006), population
prevalence rates of ADHD have similarly dropped
(Collishaw, Maughan, Natarajan, & Pickles, 2010).
Exposure to other substances during pregnancy
has also been found to be associated with ADHD,
although with the exception of foetal alcohol syndrome, less robustly. Moderate maternal alcohol use
during pregnancy and exposure to illicit substances
has been associated with increased risk of ADHD in
some, but not all, studies (Linnet et al., 2003).
ADHD, especially the inattentive subtype, has also
been found to be associated with low birth weight and
prematurity, with a meta-analysis suggesting significant association and an odds ratio of 2.6 for low birth
weight (Bhutta, Cleves, Casey, Cradock, & Anand,
2002). Again, it is necessary to consider whether or
not these associations are causal and additional
study in this area is required as premature birth and
low birth weight and obstetric complications might
reflect underlying foetal problems (Bailey et al.,
1995). However, some genetically informative studies
suggest low birth weight is not likely to represent an
inherited confound (Groen-Blokhuis, Middeldorp,
van Beijsterveldt, & Boomsma, 2011). As is the case
for the genetic findings on large, rare CNVs, low birth
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weight and prematurity are present in only a very
small proportion of individuals with ADHD.
Thus, at present, evidence of pre and perinatal
factors being causal is lacking. Nevertheless, it is
worthwhile having a higher index of suspicion about
the presence of ADHD in premature, low birth weight
children. Emerging evidence is beginning to challenge
the hypotheses that maternal stress and smoking in
pregnancy are causal risk factors for ADHD, but further quasi-experimental research is needed.

Environmental toxins
Exposures to other toxins in prenatal and/or postnatal life have also been considered as increasing the
risk of ADHD. In particular, organic pollutants and
lead may damage the neural systems implicated in
ADHD (Nigg, 2008).

Pesticides
Organophosphate pesticides have been studied in
relation with ADHD, although not widely. A crosssectional investigation of the relationship between
urinary dialkyl phosphate (DAP) metabolites of
organophosphates and ADHD diagnosis in middle
childhood and early adolescence found that those with
detectable urinary dimethyl alkylphosphate (DMAP)
metabolite concentrations above the median level had
double the odds of ADHD in contrast with those with
untraceable levels (Bouchard, Bellinger, Wright, &
Weisskopf, 2010). More stringent longitudinal research has found high prenatal organophosphate
exposure to be associated with adverse outcomes related to ADHD symptomatology in an investigation of
umbilical cord plasma chlorpyrifos levels on subsequent cognitive and motor development in infancy
and early childhood (Rauh et al., 2006). However,
findings have been inconsistent. Others find that prenatal maternal and postnatal child urinary metabolites
of a range of pesticides have no link with ADHD-like
symptoms at age 2 years (Eskenazi et al., 2007), but
subsequent follow up at 3.5 and 5 years found prenatal
DAP metabolites were associated with maternally
reported attention difficulties and ADHD symptoms at
age 3.5 and these associations became significant at
age 5 (Marks et al., 2010). Although commercial use of
organochlorine pesticides have now largely been replaced by organophosphates, they do persist in the
environment and a Spanish study (Ribas-Fito et al.,
2007) did find an association between high cord serum
levels of the organochlorine hexachlorobenzene and
teacher-rated ADHD behaviours scored by a DSM-IV
symptom checklist at age 4.

Toxic industrial products
Polychlorinated biphenyls (PCBs) are toxic manufactured organochlorine congeners, which were once
mass-produced for a variety of industrial and com-
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mercial uses and now persist as environmental contaminants. Both human and importantly, animal
studies have found that PCB exposure leads to
impairments in working memory, response inhibition
and cognitive flexibility – neurobehavioural effects,
which are comparable with those seen in ADHD (Eubig, Aguiar, & Schantz, 2010). Furthermore, a dose–
response relationship, between low level prenatal PCB
exposure (as measured by umbilical cord PCB levels)
and ADHD-type behaviours in middle childhood was
found in a prospective study of a PCB-contaminated
area (Sagiv et al., 2010).

Lead
As with PCBs, human and animal studies of lead
exposure have looked at effects on cognitive domains
relevant to ADHD; cognitive flexibility, vigilance and
alertness have been found to be most dependably affected (Eubig et al., 2010). An association between
blood lead level and an actual ADHD diagnosis has been
found in several recent studies (including Braun, Kahn,
Froehlich, Auinger, & Lanphear, 2006; Froehlich et al.,
2009; Nigg, Nikolas, Mark Knowttnerus, et al., 2010).
It is worth noting that there is evidence that both
prenatal exposure to PCBs (reviewed in Schantz,
Widholm, & Rice, 2003) and even technically ‘low’
blood lead levels (reviewed in Bellinger, 2008a) have
more general effects on cognitive function and neurodevelopment as well as on neuropsychological domains specific to ADHD. Nonetheless, due to the
neurobiological dysfunction caused by environmental
pollutants and the research also implicating them in
altered neurodevelopment specific to ADHD, it seems
biologically plausible that toxins could indeed have a
role. However, as exposure to such substances may
not be random, causality cannot yet be firmly inferred
from the evidence to date. Conversely, an exception to
nonrandom exposure seems to be lead, for which
associations with altered neurodevelopment are unlikely to be fully explicable by residual confounding in
view of the heterogeneity of settings in which associations have been found (Bellinger, 2008b), and there
is now no dietary threshold below which intake can be
considered safe (Food and Agriculture Organization of
the United Nations and World Health Organization,
2010). At the very least, there is emerging evidence,
from both cross-sectional and longitudinal research,
of the negative effect of pollutants on neurodevelopment. There needs to be more research making use of
quasi-experimental designs and multiple informant
assessments of ADHD. Nevertheless, public health
and environmental policies aimed at reducing exposure to toxins, particularly for children, is clearly a
desirable way forward.

Diet
Nutritional deficiencies have been studied as aetiological factors, modifying factors and supplementation
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and exclusion of dietary constituents have also been
used as interventions to try and improve outcomes (see
Nigg, Lewis, Edinger, & Falk, 2012 for a review). As with
environmental toxins, any relationship between diet
and ADHD symptoms is unlikely to be straightforward.
Although there has been research into several nutritional deficiencies as possible aetiological factors in
ADHD, (e.g. zinc (reviewed in Arnold & DiSilvestro,
2005), magnesium (Kozielec & Starobrat-Hermelin,
1997) and polyunsaturated fatty acids (Spahis et al.,
2008)), there is not strong enough evidence to conclude
that such deficiencies have a causal effect. Equally, it is
not established whether the biological processes involved in ADHD mean that affected children require an
excess of what is considered ‘normal’ ranges of dietary
constituents to ameliorate brain function, to justify supplementation in the absence of baseline deficiency. Whilst it is established that extreme nutritional
deficiency can interfere with neurodevelopment, the
biological effects of more subtle insufficiencies are less
clear (Sinn, 2008). Whilst there are also biologically
plausible hypotheses as to why diet might be implicated in the development or maintenance of ADHD
symptomatology, especially in some individuals, there
is not yet consistent enough evidence from research
into diet to wholeheartedly support the notion that
such factors play a major causal role in ADHD.

Family adversity and early care-giving
Multiple indicators of psychosocial adversity,
including family adversity and low income, have been
found to be associated with child mental health
problems, including ADHD (Pheula, Rohde, & Schmitz, 2011; Scahill et al., 1999; Taylor & SonugaBarke, 2008). Children who suffer maltreatment have
also shown a high incidence of ADHD (Famularo,
Kinscherff, & Fenton, 1992). A significant difficulty
lies in working out the direction of the relationship
between adversity and ADHD. For example, family
conflict may be seen more commonly in families of a
child with ADHD, but is this a cause or consequence
of ADHD in the child or parent? Longitudinal and twin
designs (Lifford, Harold, & Thapar, 2008, 2009), have
suggested that associations between parent–child
hostility and ADHD symptoms appear to be accounted for by confounding inherited factors with the
exception of the link between mother–son hostility
and ADHD symptoms. However, it appears that it is
the child’s ADHD symptoms that impact on mother–
son hostility, rather than the hostility having a causal
role in ADHD. Other studies have shown that treatment with stimulant medication for ADHD improves
symptoms, but also improves the mother–child relationship (Schachar, Taylor, Wieselberg, Thorley, &
Rutter, 1987). Taken together, this evidence suggests
that ADHD symptoms themselves may contribute to
family conflict. However, it is possible that family and
psychosocial adversity even if it does not play a causal
role in the onset of ADHD, may modify its presenta-
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tion and result in secondary adverse consequences,
such as antisocial behaviour (Langley, Fowler et al.,
2010). This warrants additional investigation.
ADHD is an early onset disorder. Thus, the contribution of early care-giving requires separate consideration. The impact of severe early deprivation on
development of ADHD symptoms has been seen in
the English and Romanian Adoptees study
(O’Connor & Rutter, 2000; Rutter, Beckett, et al.,
2007). This study has the unique strength of being
quasi experimental, as it involved examining adopted away children who had been exposed to extreme
early deprivation. These results suggest that extreme
forms of early deprivation can result in ADHD-type
symptoms as well as quasi-autistic symptoms (Rutter, Kreppner, et al., 2007). However, it remains to be
seen whether milder forms of early adversity have
causal risk effects that could be examined, for
example, using adoption study designs. Again,
exposures to such risks are likely to be rare and will
not account for most ADHD in the population.
At present, with the exception of rare exposure to extreme forms of early adversity, there is no clear-cut evidence that psychosocial adversity causes ADHD,
although such factors may well modify its expression and
outcomes. Noting adverse circumstances (e.g. maltreatment, poverty) is clearly clinically important with regards
to clinical management, but care is needed in ascribing
direction of effects, causality and potential blame.

Gene–environment interplay
As already highlighted, genes and environment do not
work independently of each other (see Nigg, Nikolas, &
Burt, 2010 for a comprehensive review). Inherited
risks can contribute not only directly, but are also
likely to operate by increasing the likelihood of exposure to environmental adversity and altering sensitivity to environmental risks and protective factors.
There is growing evidence that such interplay is
important; for example, gene-environment correlation and interaction play an important role in adolescent depression (Caspi, Hariri, Holmes, Uher, &
Moffitt, 2010; Caspi et al., 2003; Thapar, Collishaw,
Pine, & Thapar, 2012). Twin and molecular genetic
studies have started to test in an exploratory way for
gene-environment interaction effects in ADHD (see
Nigg, Nikolas, & Burt, 2010). However, as yet, findings
have either not been replicated or hypotheses have not
been based on neuroscience evidence in the way that
was the case for depression. Environmental factors
can also impact on early and later development in a
more dynamic fashion by influencing how genes are
expressed; this is known as epigenetics (see Mill &
Petronis, 2008 for a more detailed explanation; Weaver, Diorio, Seckl, Szyf, & Meaney, 2004). This type of
complex interplay early on in life could amplify or
modify ADHD risk and/or its later consequences and
at least in animals such epigenetic effects can be
transmitted across generations and reversed.
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Implications for practitioners
Genetic testing and explaining genetics to families
At present, there are no clinical impacts of the
molecular genetic findings. Identified genetic risks on
their own have small effect sizes or are very rare and
are unlikely to be useful in a predictive or diagnostic
sense beyond what can already be predicted by a
family history. One exception to where genetic testing
might be helpful in the future is for children with
intellectual disability who have ADHD and other
neurodevelopmental disorders (Cooper et al., 2011;
Williams et al., 2010). One of the key aims of molecular genetic studies is to identify underlying, as yet
unknown, biological, cognitive, brain and psychosocial risk pathways that lead to the disorder; we provided the example of the COMT association with
antisocial behaviour in ADHD as possibly being
mediated via impaired social understanding.
When families ask about genetic contributions, it is
important that they realise familial and genetic risks
only increase the probability of ADHD and do not
determine the presence of disorder. Heritability estimates refer to populations and do not mean for example
that 90% of an individual’s ADHD is caused by genes.
Like other complex disorders, ADHD is not
explained by any single risk factor alone and not all
those who are exposed to a given risk show disorder.
Its occurrence is not explained by inherited factors
alone and the pattern of results suggests the contribution of multiple inherited and noninherited
factors to its aetiology.

Conceptualisation of ADHD
In terms of associations with inherited and noninherited factors and adverse consequences, ADHD
appears to behave like a trait measure (hyperactivity-impulsiveness and inattentiveness) akin to
blood pressure/hypertension; rather than as a qualitatively discrete category. The empirical evidence in
favour of using dimensional modifiers in research
and practice has been recently highlighted (Willcutt
et al., 2012). Evidence of an inherited, molecular
genetic and clinical overlap with autism and intellectual disability might strengthen the argument to
consider ADHD as a neurodevelopmental disorder,
where all such early problems are assessed together
in an interdisciplinary health setting with careful
assessment of educational and developmental needs
and early intervention.

Considering parents and siblings of the child
and integrating services
Given ADHD is familial and heritable, for those seeing
children with ADHD, the possibility that a parent/
parents might be similarly affected and how this might
impact on parenting and the intervention plan (e.g.
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parenting, family relationships and psycho-educational interventions) needs to be considered (e.g.
Johnston, Mash, Miller, & Ninowski, 2012; Thompson et al., 2009). Also, when more than one child in a
family has ADHD, there needs to be consideration of
the impact on family and parental stress and the
practicality of how interventions are delivered.
This could require close working with adult services that will increasingly be required to deal with
adult neurodevelopmental problems.

Implications of genetic findings on treatment
choice
Identifying a genetic contribution does not necessarily
mean that only biological treatments or medication
will be effective. At present, multimodal interventions
are recommended for ADHD (NICE, 2008). Moreover,
ADHD is not explained by a simple one on one relationship between gene and disorder. Even for single
gene disorders where this is the case, for example,
phenylketonuria, environmental manipulations (PKU
is treated by diet) can be effective.

Public health implications
At present, there are no clear-cut causal environmental risks that have been identified, with the
possible exception of extreme early adversity in some
rare instances. There are a number of candidates
that require further investigation, but it is critical to
use designs that go beyond simply assessing correlations. Nevertheless, there are clear health benefits
of mothers not smoking, misusing alcohol and drugs
and reducing stress levels in pregnancy, for example,
because of causal links with birth weight and prematurity. However, the evidence so far suggests that
these risks might not play a direct causal role in
ADHD. Similarly, good prenatal and later diet, lim-
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iting exposure to toxins is a generally sensible approach. However, if these are not true causal risks,
exclusively focusing on them as a means of reducing
population rates of ADHD will not be sufficient and
could distract from searching for and tackling other
potentially modifiable risks.

Discarding the dichotomisation of genes/biology
versus environment in practice as well as research
Finally, a key message of this review for practitioners
and families is that there is overwhelming evidence
that the polarisation between genetic/biological and
environmental factors, perpetuated by some due
to misinterpretation of aetiological and genetics
research in relation to complex disorders, is incorrect and unhelpful. Indeed, they are complementary
rather than competing explanations.
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Key points
Key practitioner message:
• There is no single risk factor that explains ADHD. Many different risks and risk pathways may all lead to the
same clinical phenotype.
• Both inherited and noninherited factors contribute to ADHD, and their effects are interdependent.
• The most consistently found risk factors for ADHD include having a relative with the disorder, large rare CNVs,
candidate gene variants, extreme early adversity, pre and postnatal exposure to lead and low birth weight/
prematurity.
• The risk factors implicated in ADHD tend to have small effect sizes or are rare. They also may increase risk of
many other types of psychopathology.
• It is important to remember that associations between ADHD and investigated risk factors may not necessarily
be due to causal effects.
• There is important overlap with other neurodevelopmental problems, including autistic spectrum disorders, as
well as comorbidity with other psychiatric and behavioural disorders.
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Areas for future research:
• Further genetic studies, that are adequately sized, may be useful in allowing DNA sequence variation and
structural variants for ADHD to be captured.
• Future studies into environmental risk factors associated with ADHD need to use designs that go beyond
assessing correlation and look for evidence of causal links.
• For children with ADHD, the possibility that a parent might be similarly affected needs to be considered, and
studies looking at how this may impact on the intervention and outcome for the child, could provide
important information for future management.

References
Alberts-Corush, J., Firestone, P., & Goodman, J.T. (1986).
Attention and impulsivity characteristics of the biological
and adoptive parents of hyperactive and normal control
children. American Journal of Orthopsychiatry, 56, 413–423.
Andrews, G., Pine, D.S., Hobbs, M.J., Anderson, T.M., &
Sunderland, M. (2009). Neurodevelopmental disorders:
Cluster 2 of the proposed meta-structure for DSM-V and
ICD-11. [Review]. Psychological Medicine, 39, 2013–2023.
Antshel, K.M., Fremont, W., Roizen, N.J., Shprintzen, R.,
Higgins, A.M., Dhamoon, A., ... & Kates, W.R. (2006). ADHD,
major depressive disorder, and simple phobias are prevalent
psychiatric conditions in youth with velocardiofacial syndrome. Journal of the American Academy of Child and
Adolescent Psychiatry, 45, 596–603.
Arnold, L.E., & DiSilvestro, R.A. (2005). Zinc in attentiondeficit/hyperactivity disorder. Journal of Child and Adolescent Psychopharmacology, 15, 619–627.
Bailey, A., Le Couteur, A., Gottesman, I., Bolton, P., Simonoff,
E., Yuzda, E., ... & Rutter, M. (1995). Autism as a strongly
genetic disorder: Evidence from a British twin study.
Psychological Medicine, 25, 63–77.
Bellinger, D.C. (2008a). Very low lead exposures and children’s
neurodevelopment. Current Opinion in Pediatrics, 20, 172–
177.
Bellinger, D.C. (2008b). Neurological and behavioral consequences of childhood lead exposure. PLoS Med, 5, e115.
Bhutta, A.T., Cleves, M.A., Casey, P.H., Cradock, M.M., &
Anand, K.J. (2002). Cognitive and behavioral outcomes of
school-aged children who were born preterm: A meta-analysis. Journal of the American Medical Association, 288, 728–
737.
Bouchard, M.F., Bellinger, D.C., Wright, R.O., & Weisskopf,
M.G. (2010). Attention-deficit/hyperactivity disorder and
urinary metabolites of organophosphate pesticides. Pediatrics, 125, e1270–e1277.
Braun, J.M., Kahn, R.S., Froehlich, T., Auinger, P., & Lanphear, B.P. (2006). Exposures to environmental toxicants and
attention deficit hyperactivity disorder in U.S. children.
Environmental Health Perspectives, 114, 1904–1909.
Cantwell, D.P. (1975). Genetics of hyperactivity. Journal of
Child Psychology and Psychiatry, 16, 261–264.
Caspi, A., Hariri, A.R., Holmes, A., Uher, R., & Moffitt, T.E.
(2010). Genetic sensitivity to the environment: The case of
the serotonin transporter gene and its implications for
studying complex diseases and traits. The American Journal
of Psychiatry, 167, 509–527.
Caspi, A., Langley, K., Milne, B., Moffitt, T.E., O’Donovan,
M.C., Owen, M.J., ... & Thapar, A. (2008). A replicated
molecular genetic basis for subtyping antisocial behavior in
children with attention-deficit/hyperactivity disorder. Archives of General Psychiatry, 65, 203–210.
Caspi, A., Sugden, K., Moffitt, T.E., Taylor, A., Craig, I.W.,
Harrington, H., ... & Poulton, R. (2003). Influence of life
stress on depression: Moderation by a polymorphism in the
5-HTT gene. Science, 301, 386–389.

Cirulli, E.T., & Goldstein, D.B. (2010). Uncovering the roles of
rare variants in common disease through whole-genome
sequencing. Nature Reviews Genetics, 11, 415–425.
Cole, J., Ball, H.A., Martin, N.C., Scourfield, J., & McGuffin, P.
(2009). Genetic overlap between measures of hyperactivity/
inattention and mood in children and adolescents. Journal
of the American Academy of Child and Adolescent Psychiatry, 48, 1094–1101.
Collishaw, S., Maughan, B., Natarajan, L., & Pickles, A. (2010).
Trends in adolescent emotional problems in England: a
comparison of two national cohorts twenty years apart.
Journal of Child Psychology and Psychiatry, 51, 885–894.
Cooper, G.M., Coe, B.P., Girirajan, S., Rosenfeld, J.A., Vu,
T.H., Baker, C., ... & Eichler, E.E. (2011). A copy number
variation morbidity map of developmental delay. Nature
Genetics, 43, 838–846.
Costello, E.J., Compton, S.N., Keeler, G., & Angold, A. (2003).
Relationships between poverty and psychopathology: A
natural experiment. Journal of the American Medical Association, 290, 2023–2029.
Cunningham, L., Cadoret, R.J., Loftus, R., & Edwards, J.E.
(1975). Studies of adoptees from psychiatrically disturbed
biological parents: Psychiatric conditions in childhood and
adolescence. British Journal of Psychiatry, 126, 534–549.
D’Onofrio, B., Singh, A.L., Iliadou, A., Lambe, M., Hultman,
C.M., Grann, M., ... & Lichtenstein, P. (2010). Familial
confounding of the association between maternal smoking
during pregnancy and offspring criminality: A populationbased study in Sweden. Archives of General Psychiatry, 67,
529–538.
D’Onofrio, B.M., Van Hulle, C.A., Waldman, I.D., Rodgers, J.L.,
Harden, K.P., Rathouz, P.J., ... & Lahey, B.B. (2008).
Smoking during pregnancy and offspring externalizing problems: An exploration of genetic and environmental confounds. Development and Psychopathology, 20, 139–164.
Elia, J., Gai, X., Xie, H.M., Perin, J.C., Geiger, E., Glessner,
J.T., ... & White, P.S. (2010). Rare structural variants found
in attention-deficit hyperactivity disorder are preferentially
associated with neurodevelopmental genes. Mol Psychiatry,
15, 637–646.
Eskenazi, B., Marks, A.R., Bradman, A., Harley, K., Barr,
D.B., Johnson, C., ... & Jewell, N.P. (2007). Organophosphate pesticide exposure and neurodevelopment in young
Mexican-American children. Environmental Health Perspectives, 115, 792–798.
Eubig, P.A., Aguiar, A., & Schantz, S.L. (2010). Lead and PCBs
as risk factors for attention deficit/hyperactivity disorder.
Environmental Health Perspectives, 118, 1654–1667.
Famularo, R., Kinscherff, R., & Fenton, T. (1992). Psychiatric
diagnoses of maltreated children: Preliminary findings.
Journal of the American Academy of Child and Adolescent
Psychiatry, 31, 863–867.
Faraone, S.V., Perlis, R.H., Doyle, A.E., Smoller, J.W., Goralnick, J.J., Holmgren, M.A., ... & Sklar, P. (2005). Molecular
genetics of attention-deficit/hyperactivity disorder. Biological Psychiatry, 57, 1313–1323.

 2012 The Authors. Journal of Child Psychology and Psychiatry  2012 Association for Child and Adolescent Mental Health.

14

Anita Thapar et al.

Fergusson, D.M., & Horwood, L.J. (1995). Predictive validity of
categorically and dimensionally scored measures of disruptive childhood behaviors. Journal of the American Academy
of Child and Adolescent Psychiatry, 34, 477–487.
Food and Agriculture Organization of the United Nations and
World Health Organization (2010). Joint FAO/WHO expert
committee on food additives, seventy-third meeting, summary
and conclusions. Geneva, Switzerland: Author.
Franke, B., Neale, B.M., & Faraone, S.V. (2009). Genome-wide
association studies in ADHD. Human Genetics, 126, 13–50.
Froehlich, T.E., Lanphear, B.P., Auinger, P., Hornung, R.,
Epstein, J.N., Braun, J., ... & Kahn, R.S. (2009). Association
of tobacco and lead exposures with attention-deficit/hyperactivity disorder. Pediatrics, 124, e1054–e1063.
Gizer, I.R., Ficks, C., & Waldman, I.D. (2009). Candidate gene
studies of ADHD: A meta-analytic review. Human Genetics,
126, 51–90.
Glessner, J.T., Wang, K., Cai, G., Korvatska, O., Kim, C.E.,
Wood, S., ... & Hakonarson, H. (2009). Autism genome-wide
copy number variation reveals ubiquitin and neuronal
genes. Nature, 459, 569–573.
Glover, V. (2011). Annual Research Review: Prenatal stress
and the origins of psychopathology: An evolutionary perspective. Journal of Child Psychology and Psychiatry, 52,
356–367.
Grizenko, N., Shayan, Y.R., Polotskaia, A., Ter-Stepanian, M.,
& Joober, R. (2008). Relation of maternal stress during
pregnancy to symptom severity and response to treatment in
children with ADHD. Journal of Psychiatry and Neuroscience, 33, 10–16.
Groen-Blokhuis, M.M., Middeldorp, C.M., van Beijsterveldt,
C.E., & Boomsma, D.I. (2011). Evidence for a causal
association of low birth weight and attention problems.
Journal of the American Academy of Child and Adolescent
Psychiatry, 50, 1247–1254.
Grozeva, D., Conrad, D.F., Barnes, C.P., Hurles, M., Owen,
M.J., O’Donovan, M.C., ... & WTCCC (2012). Independent
estimation of the frequency of rare CNVs in the UK population confirms their role in schizophrenia. Schizophrenia
Research, 135, 1–7.
Grozeva, D., Kirov, G., Ivanov, D., Jones, I.R., Jones, L.,
Green, E.K., ... & WTCCC (2010). Rare copy number
variants: A point of rarity in genetic risk for bipolar disorder
and schizophrenia. Archives of General Psychiatry, 67,
318–327.
Harold, G.T., Rice, F., Hay, D.F., Boivin, J., van den Bree, M., &
Thapar, A. (2011). Familial transmission of depression and
antisocial behavior symptoms: Disentangling the contribution of inherited and environmental factors and testing the
mediating role of parenting. Psychological Medicine, 41,
1175–1185.
Jaffee, S.R., Caspi, A., Moffitt, T.E., Polo-Tomas, M., Price,
T.S., & Taylor, A. (2004). The limits of child effects: Evidence
for genetically mediated child effects on corporal punishment but not on physical maltreatment. Developmental
Psychology, 40, 1047–1058.
Johnston, C., Mash, E.J., Miller, N., & Ninowski, J.E. (2012).
Parenting in adults with attention-deficit/hyperactivity disorder (ADHD). Clinical Psychology Review, 32, 215–228.
Kozielec, T., & Starobrat-Hermelin, B. (1997). Assessment of
magnesium levels in children with attention deficit hyperactivity disorder (ADHD). Magnesium Research, 10, 143–
148.
Kraemer, H.C., Stice, E., Kazdin, A., Offord, D., & Kupfer, D.
(2001). How do risk factors work together? Mediators,
moderators, and independent, overlapping, and proxy risk
factors. American Journal of Psychiatry, 158, 848–856.
Lahey, B.B., D’Onofrio, B., & Waldman, I.D. (2009). Using
epidemiologic methods to test hypotheses regarding causal
influences on child and adolescent mental disorders. Journal of Child Psychology and Psychiatry, 50, 53–62.

J Child Psychol Psychiatry 2013; 54(1): 3–16
Lander, E.S. (2011). Initial impact of the sequencing of the
human genome. Nature, 470, 187–197.
Langley, K., Fowler, T., Ford, T., Thapar, A.K., Van den Bree,
M., Harold, G., ... & Thapar, A. (2010). Adolescent clinical
outcomes for young people with attention-deficit hyperactivity disorder. British Journal of Psychiatry, 196, 235–240.
Langley, K., Heron, J., O’Donovan, M.C., Owen, M.J., &
Thapar, A. (2010). Genotype link with extreme antisocial
behavior: The contribution of cognitive pathways. Archives
of General Psychiatry, 67, 1317–1323.
Langley, K., Martin, J., Agha, S.S., Davies, C., Stergiakouli, E.,
Holmans, P., ... & Thapar, A. (2011). Clinical and cognitive
characteristics of children with attention-deficit hyperactivity disorder, with and without copy number variants. British
Journal of Psychiatry, 199, 398–403.
Langley, K., Rice, F., van den Bree, M.B., & Thapar, A. (2005).
Maternal smoking during pregnancy as an environmental
risk factor for attention deficit hyperactivity disorder behaviour. A review. Minerva Pediatrica, 57, 359–371.
Lesch, K.P., Selch, S., Renner, T.J., Jacob, C., Nguyen, T.T.,
Hahn, T., ... & Ullmann, R. (2011). Genome-wide copy
number variation analysis in attention-deficit/hyperactivity
disorder: Association with neuropeptide Y gene dosage in an
extended pedigree. Molecular Psychiatry, 16, 491–503.
Lewis, G., Rice, F., Harold, G.T., Collishaw, S., & Thapar, A.
(2011). Investigating environmental links between parent
depression and child depressive/anxiety symptoms using an
assisted conception design. Journal of the American Academy of Child and Adolescent Psychiatry, 50, 451–459.
Li, D., Sham, P.C., Owen, M.J., & He, L. (2006). Meta-analysis
shows significant association between dopamine system
genes and attention deficit hyperactivity disorder (ADHD).
Human Molecular Genetics, 15, 2276–2284.
Lichtenstein, P., Carlstrom, E., Rastam, M., Gillberg, C., &
Anckarsater, H. (2010). The genetics of autism spectrum
disorders and related neuropsychiatric disorders in childhood. American Journal of Psychiatry, 167, 1357–1363.
Lifford, K.J., Harold, G.T., & Thapar, A. (2008). Parent–child
relationships and ADHD symptoms: A longitudinal analysis.
Journal of Abnormal Child Psychology, 36, 285–296.
Lifford, K.J., Harold, G.T., & Thapar, A. (2009). Parent–child
hostility and child ADHD symptoms: A genetically sensitive
and longitudinal analysis. Journal of Child Psychology and
Psychiatry, 50, 1468–1476.
Linnet, K.M., Dalsgaard, S., Obel, C., Wisborg, K., Henriksen,
T.B., Rodriguez, A., ... & Jarvelin, M.R. (2003). Maternal
lifestyle factors in pregnancy risk of attention deficit hyperactivity disorder and associated behaviors: Review of the
current evidence. American Journal of Psychiatry, 160,
1028–1040.
Maher, B. (2008). Personal genomes: The case of the missing
heritability. Nature, 456, 18–21.
Marks, A.R., Harley, K., Bradman, A., Kogut, K., Barr, D.B.,
Johnson, C., ... & Eskenazi, B. (2010). Organophosphate
pesticide exposure and attention in young Mexican-American children: The CHAMACOS study. Environmental Health
Perspectives, 118, 1768–1774.
Mechelli, A., Tognin, S., McGuire, P.K., Prata, D., Sartori, G.,
Fusar-Poli, P., ... & Viding, E. (2009). Genetic vulnerability
to affective psychopathology in childhood: A combined voxelbased morphometry and functional magnetic resonance
imaging study. Biological Psychiatry, 66, 231–237.
Meyer-Lindenberg, A., & Weinberger, D.R. (2006). Intermediate
phenotypes and genetic mechanisms of psychiatric disorders. Nature Reviews Neuroscience, 7, 818–827.
Mier, D., Kirsch, P., & Meyer-Lindenberg, A. (2010). Neural
substrates of pleiotropic action of genetic variation in COMT:
A meta-analysis. Molecular Psychiatry, 15, 918–927.
Mill, J., & Petronis, A. (2008). Pre- and peri-natal environmental risks for attention-deficit hyperactivity disorder (ADHD):
The potential role of epigenetic processes in mediating

 2012 The Authors. Journal of Child Psychology and Psychiatry  2012 Association for Child and Adolescent Mental Health.

doi:10.1111/j.1469-7610.2012.02611.x
susceptibility. Journal of Child Psychology and Psychiatry,
49, 1020–1030.
Monuteaux, M.C., Biederman, J., Doyle, A.E., Mick, E., &
Faraone, S.V. (2009). Genetic risk for conduct disorder
symptom subtypes in an ADHD sample: Specificity to
aggressive symptoms. Journal of the American Academy of
Child and Adolescent Psychiatry, 48, 757–764.
Morrison, J.R., & Stewart, M.A. (1973). The psychiatric status
of the legal families of adopted hyperactive children.
Archives of General Psychiatry, 28, 888–891.
Najmabadi, H., Hu, H., Garshasbi, M., Zemojtel, T., Abedini,
S.S., Chen, W., ... & Ropers, H.H. (2011). Deep sequencing
reveals 50 novel genes for recessive cognitive disorders.
Nature, 478, 57–63.
Neale, B.M., Medland, S.E., Ripke, S., Asherson, P., Franke,
B., Lesch, K.P., ... & Psychiatric GWAS Consortium: ADHD
Subgroup. (2010). Meta-analysis of genome-wide association studies of attention-deficit/hyperactivity disorder. Journal of the American Academy of Child and Adolescent
Psychiatry, 49, 884–897.
NICE. (2008). CG72 attention deficit hyperactivity disorder
(ADHD): NICE guideline. Available from: http://guidance.nice.org.uk/CG72/NICEGuidance/pdf/English. [last
accessed 1 September 2011].
Nigg, J. (2008). ADHD, lead exposure and prevention: How
much lead or how much evidence is needed? Expert Review
of Neurotherapeutics, 8, 519–521.
Nigg, J., Lewis, K., Edinger, T., & Falk, M. (2012). Metaanalysis of attention deficit hyperactivity disorder or attention deficit hyperactivity disorder symptoms, restriction diet
and synthetic food color additives. Journal of the American
Academy of Child and Adolescent Psychiatry, 51, 86–97.
Nigg, J., Nikolas, M., & Burt, S.A. (2010). Measured gene-byenvironment interaction in relation to attention-deficit/
hyperactivity disorder. Journal of the American Academy of
Child and Adolescent Psychiatry, 49, 863–873.
Nigg, J., Nikolas, M., Mark Knowttnerus, G., Kavanagh, K., &
Friderici, K. (2010). Confirmation and extension of association of blood lead with attention-deficit/hyperactivity disorder (ADHD) and ADHD symptom domains at populationtypical exposure levels. Journal of Child Psychology and
Psychiatry, 51, 58–65.
Nikolas, M.A., & Burt, S.A. (2010). Genetic and environmental
influences on ADHD symptom dimensions of inattention and
hyperactivity: A meta-analysis. Journal of Abnormal Psychology, 119, 1–17.
O’Connor, T.G., & Rutter, M. (2000). Attachment disorder
behavior following early severe deprivation: Extension and
longitudinal follow-up. English and Romanian Adoptees
Study Team. Journal of the American Academy of Child
and Adolescent Psychiatry, 39, 703–712.
Office for National Statistics. (2006). Statistics on smoking,
England 2006. Available from: http://www.ic.nhs.uk/statistics-and-data-collections/health-and-lifestyles/smoking/statistics-on-smoking-england-2006 [last accessed 1
September 2011].
Patterson, G.R., DeGarmo, D., & Forgatch, M.S. (2004).
Systematic changes in families following prevention trials.
Journal of Abnormal Child Psychology, 32, 621–633.
Pheula, G.F., Rohde, L.A., & Schmitz, M. (2011). Are family
variables associated with ADHD, inattentive type? A casecontrol study in schools. European Child and Adolescent
psychiatry, 20, 137–145.
Rauh, V.A., Garfinkel, R., Perera, F.P., Andrews, H.F., Hoepner, L., Barr, D.B., ... & Whyatt, R.W. (2006). Impact of
prenatal chlorpyrifos exposure on neurodevelopment in the
first 3 years of life among inner-city children. Pediatrics,
118, e1845–e1859.
Raychaudhuri, S., Korn, J.M., McCarroll, S.A., Altshuler, D.,
Sklar, P., Purcell, S., ... & Daly, M.J. (2010). Accurately
assessing the risk of schizophrenia conferred by rare copy-

What have we learnt about the causes of ADHD?

15

number variation affecting genes with brain function. PLoS
Genetics, 6, e1001097.
Rhee, S.H., & Waldman, I.D. (2002). Genetic and environmental influences on antisocial behavior: A meta-analysis
of twin and adoption studies. Psychological Bulletin, 128,
490–529.
Ribas-Fito, N., Torrent, M., Carrizo, D., Julvez, J., Grimalt,
J.O., & Sunyer, J. (2007). Exposure to hexachlorobenzene
during pregnancy and children’s social behavior at 4 years
of age. Environmental Health Perspectives, 115, 447–450.
Rice, F., Harold, G., Boivin, J., van den Bree, M.B., & Thapar,
A. (2009). Disentangling prenatal and inherited influences in
humans with an experimental design. Proceedings of the
National Academy of Sciences in the USA, 106, 2464–2467.
Ronald, A., Larsson, H., Anckarsater, H., & Lichtenstein, P.
(2011). A twin study of autism symptoms in Sweden.
Molecular Psychiatry, 16, 1039–1047.
Ronald, A., Simonoff, E., Kuntsi, J., Asherson, P., & Plomin, R.
(2008). Evidence for overlapping genetic influences on
autistic and ADHD behaviours in a community twin sample.
Journal of Child Psychology and Psychiatry, 49, 535–542.
Rutter, M. (2006). Genes and behavior: Nature-nurture interplay explained. Genes, Brain, and Behavior, 5, 303.
Rutter, M. (2007). Identifying the environmental causes of
disease: How should we decide what to believe and when to
take action? London: Academy of Medical Sciences.
Rutter, M. (2011). Research review: Child psychiatric diagnosis
and classification: Concepts, findings, challenges and potential. Journal of Child Psychology and Psychiatry, 52, 647–
660.
Rutter, M., Beckett, C., Castle, J., Colvert, E., Kreppner, J.,
Mehta, M., ... & Sonuga-Barke, E. (2007). Effects of profound early institutional deprivation: An overview of findings
from a UK longitudinal study of Romanian adoptees. European Journal of Developmental Psychology, 4, 332–350.
Rutter, M., Kreppner, J., Croft, C., Murin, M., Colvert, E.,
Beckett, C., ... & Sonuga-Barke, E. (2007). Early adolescent
outcomes of institutionally deprived and non-deprived
adoptees. III. Quasi-autism. Journal of Child Psychology
and Psychiatry, 48, 1200–1207.
Sagiv, S.K., Thurston, S.W., Bellinger, D.C., Tolbert, P.E.,
Altshul, L.M., & Korrick, S.A. (2010). Prenatal organochlorine exposure and behaviors associated with attention deficit
hyperactivity disorder in school-aged children. American
Journal of Epidemiology, 171, 593–601.
Scahill, L., Schwab-Stone, M., Merikangas, K.R., Leckman,
J.F., Zhang, H., & Kasl, S. (1999). Psychosocial and clinical
correlates of ADHD in a community sample of school-age
children. Journal of the American Academy of Child and
Adolescent Psychiatry, 38, 976–984.
Schaaf, C.P., Wiszniewska, J., & Beaudet, A.L. (2011). Copy
number and SNP arrays in clinical diagnostics. Annual
Review of Genomics and Human Genetics, 12, 25–51.
Schachar, R., Taylor, E., Wieselberg, M., Thorley, G., & Rutter,
M. (1987). Changes in family function and relationships in
children who respond to methylphenidate. Journal of the
American Academy of Child and Adolescent Psychiatry, 26,
728–732.
Schantz, S.L., Widholm, J.J., & Rice, D.C. (2003). Effects of
PCB exposure on neuropsychological function in children.
Environmental Health Perspectives, 111, 357–576.
Scott, S., O’Connor, T.G., Futh, A., Matias, C., Price, J., &
Doolan, M. (2010). Impact of a parenting program in a highrisk, multi-ethnic community: The PALS trial. Journal of
Child Psychology and Psychiatry, 51, 1331–1341.
Sengupta, S.M., Grizenko, N., Schmitz, N., Schwartz, G., Ben
Amor, L., Bellingham, J., ... & Joober, R. (2006). COMT
Val108/158Met gene variant, birth weight, and conduct
disorder in children with ADHD. Journal of the American
Academy of Child and Adolescent Psychiatry, 45, 1363–
1369.

 2012 The Authors. Journal of Child Psychology and Psychiatry  2012 Association for Child and Adolescent Mental Health.

16

Anita Thapar et al.

Silberg, J.L., Maes, H., & Eaves, L.J. (2012). Unraveling the
effect of genes and environment in the transmission of
parental antisocial behavior to children’s conduct disturbance, depression and hyperactivity. Journal of Child Psychology and Psychiatry, 53, 668–677.
Sinn, N. (2008). Nutritional and dietary influences on attention
deficit hyperactivity disorder. Nutrition Reviews, 66, 558–
568.
Smith, T.F. (2010). Meta-analysis of the heterogeneity in
association of DRD4 7-repeat allele and AD/HD: Stronger
association with AD/HD combined type. American Journal of
Medical Genetics. Part B, Neuropsychiatric Genetics, 153B,
1189–1199.
Spahis, S., Vanasse, M., Belanger, S.A., Ghadirian, P., Grenier,
E., & Levy, E. (2008). Lipid profile, fatty acid composition
and pro- and anti-oxidant status in pediatric patients with
attention-deficit/hyperactivity disorder. Prostaglandins Leukotrienes and Essential Fatty Acids, 79, 47–53.
Sprich, S., Biederman, J., Crawford, M.H., Mundy, E., &
Faraone, S.V. (2000). Adoptive and biological families of
children and adolescents with ADHD. Journal of the American Academy of Child and Adolescent Psychiatry, 39, 1432–
1437.
St Clair, D. (2009). Copy number variation and schizophrenia.
Schizophrenia Bulletin, 35, 9–12.
Stergiakouli, E., Hamshere, M., Holmans, P., Langley, K.,
Zaharieva, I., Genetics, D., ... & Thapar, A. (2012). Investigating the contribution of common genetic variants to the
risk and pathogenesis of ADHD. American Journal of
Psychiatry, 169, 186–194.
Stergiakouli, E., & Thapar, A. (2010). Fitting the pieces
together: Current research on the genetic basis of attention-deficit/hyperactivity disorder (ADHD). Neuropsychiatric
Disease and Treatment, 6, 551–560.
Taylor, E. (2011). Antecedents of ADHD: A historical account of
diagnostic concepts. Attention Deficit and Hyperactivity
Disorders, 3, 69–75.
Taylor, E., Chadwick, O., Heptinstall, E., & Danckaerts, M.
(1996). Hyperactivity and conduct problems as risk factors
for adolescent development. Journal of the American Academy of Child and Adolescent Psychiatry, 35, 1213–1226.
Taylor, E., & Sonuga-Barke, E.J. (2008). Disorders of attention
and activity. In M. Rutter, D.V. Bishop, D. Pine, S. Scott, J.
Stevenson, E. Taylor, & A. Thapar (Eds.), Rutter’s textbook of
child psychiatry (5th edn, pp. 521–542). Oxford, UK: Blackwell.
Thapar, A., Collishaw, S., Pine, D.S., & Thapar, A.K. (2012).
Depression in adolescence. Lancet, 379, 1056–1067.
Thapar, A., Harrington, R., & McGuffin, P. (2001). Examining
the comorbidity of ADHD-related behaviours and conduct
problems using a twin study design. British Journal of
Psychiatry, 179, 224–229.
Thapar, A., Holmes, J., Poulton, K., & Harrington, R. (1999).
Genetic basis of attention deficit and hyperactivity. British
Journal of Psychiatry, 174, 105–111.
Thapar, A., Langley, K., Fowler, T., Rice, F., Turic, D.,
Whittinger, N., ... & O’Donovan, M. (2005). Catechol
O-methyltransferase gene variant and birth weight predict
early-onset antisocial behavior in children with attention-

J Child Psychol Psychiatry 2013; 54(1): 3–16
deficit/hyperactivity disorder. Archives of General Psychiatry, 62, 1275–1278.
Thapar, A., & Rice, F. (2006). Twin studies in pediatric
depression. Child and Adolescent Psychiatric Clinics of North
America, 15, 869–881.
Thapar, A., Rice, F., Hay, D., Boivin, J., Langley, K., van den
Bree, M., ... & Harold, G. (2009). Prenatal smoking might not
cause attention-deficity/hyperactivity disorder: Evidence
from a novel design. Biological Psychiatry, 66, 722–727.
Thapar, A., & Rutter, M. (2009). Do prenatal risk factors cause
psychiatric disorder? Be wary of causal claims. The British
Journal of Psychiatry, 195, 100–101.
Thompson, M.J., Laver-Bradbury, C., Ayres, M., Le Poidevin,
E., Mead, S., Dodds, C., ... & Sonuga-Barke, E.J. (2009). A
small-scale randomized controlled trial of the revised new
forest parenting programme for preschoolers with attention
deficit hyperactivity disorder. European Child and Adolescent Psychiatry, 18, 605–616.
Tully, E.C., Iacono, W.G., & McGue, M. (2008). An adoption
study of parental depression as an environmental liability
for adolescent depression and childhood disruptive disorders. American Journal of Psychiatry, 165, 1148–1154.
Weaver, I.C., Diorio, J., Seckl, J.R., Szyf, M., & Meaney, M.J.
(2004). Early environmental regulation of hippocampal
glucocorticoid receptor gene expression: Characterization
of intracellular mediators and potential genomic target sites.
Annals of the New York Academy of Sciences, 1024, 182–
212.
Willcutt, E.G., Nigg, J., Pennington, B.F., Solanto, M.V.,
Rohde, L.A., Tannock, R., ... & Lahey, B.B. (2012). Validity
of DSM-IV attention deficit/hyperactivity disorder symptom
dimensions and subtypes. Journal of Abnormal Psychology.
In press.
Willcutt, E.G., Pennington, B.F., & DeFries, J.C. (2000). Twin
study of the etiology of comorbidity between reading disability and attention-deficit/hyperactivity disorder. American
Journal of Medical Genetics, 96, 293–301.
Williams, N.M., Franke, B., Mick, E., Anney, R., Freitag, C.,
Gill, M., ... & Faraone, S.V. (2012). Genome-wide analysis
of copy number variants in attention deficit hyperactivity
disorder: confirms the role of rare variants and duplications at 15q13.3. American Journal of Psychiatry, 169,
195–204.
Williams, N.M., Zaharieva, I., Martin, A., Langley, K., Mantripragada, K., Fossdal, R., ... & Thapar, A. (2010). Rare
chromosomal deletions and duplications in attention-deficit hyperactivity disorder: A genome-wide analysis. Lancet,
376, 1401–1408.
Yang, B., Chan, R.C., Jing, J., Li, T., Sham, P., & Chen, R.Y.
(2007). A meta-analysis of association studies between the
10-repeat allele of a VNTR polymorphism in the 3¢-UTR of
dopamine transporter gene and attention deficit hyperactivity disorder. American Journal of Medical Genetics. Part B,
Neuropsychiatric Genetics, 144B, 541–550.

Accepted for publication 20 July 2012
Published online: 11 September 2012

 2012 The Authors. Journal of Child Psychology and Psychiatry  2012 Association for Child and Adolescent Mental Health.

Copyright of Journal of Child Psychology & Psychiatry is the property of Wiley-Blackwell and its content may
not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's express written
permission. However, users may print, download, or email articles for individual use.

