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Psychologists and psychiatrists have long been
aware that individuals differ in their response to
environmental stressors. It is equally apparent that
whilst positive or corrective environmental factors
help some individuals, others seem to benefit little, if
at all. To make the matters even more interesting
(at least for a researcher who is hoping for a long and
painstaking road of scientific discovery), it is not safe
to assume that environments operate entirely inde-
pendently of the study participants.

Colleagues who have been clever enough to choose
animal models as their scientific bread and butter
can control environments and genotypes at will.
However, those of us who are foolish enough to study
naturally occurring variation in humans have to
content ourselves with dealing with various con-
founds the best we can. This special issue (SI) for the
Journal of Child Psychology and Psychiatry entitled
‘Gene–environment interplay in child psychology
and psychiatry: challenges and ways forward’ does
an excellent job of alerting us to both the advances
that are being made, as well as the challenges that
still lay ahead.

Methods
Many of the papers in this SI cover methodological/
study design developments that can increase statis-
tical power to document gene–environment inter-
play, as well as strengthen our understanding of how
gene–environment interplay operates. The article by
Belsky and colleagues1 illustrates a new regression
technique that enables a direct statistical
comparison of diathesis-stress and differential-sus-
ceptibility models of gene-environment interaction.
They studied the effects of DRD4 and childcare
quality on social functioning and found that differ-
ential-susceptibility model best accounted for data;
DRD4-7R carriers were most sensitive to both higher
and lower quality childcare, doing best in the former
and having worst outcomes in the latter. It will be
interesting to extend a formal evaluation of diathe-
sis-stress and differential-susceptibility accounts to
other risk genotypes and environments. We may
discover that the diathesis-stress model accounts for
some outcomes, whilst differential-susceptibility
model has more explanatory power for others.

Future challenges also include incorporating multi-
ple genetic and environmental factors into these
analyses.

The article by Winham and Biernacka highlights
novel approaches to studying gene–environment
interaction in genome-wide association studies. For
example, they emphasize the importance of using
two-step filtering approaches that reduce the num-
ber of interactions that are tested and considerably
increase the power of genome-wide gene-environ-
ment studies. Wolock and colleagues’ study
assessed differential patterns of gene expression in
the human brain in what is the first attempt to
directly document gene–environment interaction
effects within the human brain. They demonstrated
that the effect of smoking on neurexin 3-alpha
(a synaptic cell–cell adhesion molecule involved in
maintenance of neural connections) expression and
that downstream behaviour depends on SNP geno-
type. Although the reliance on human post-mortem
tissue limits the kinds of questions that can be asked
using this methodology, these findings should
encourage researchers to carefully think about
informative environmental risk measures that might
be collected from people who have signed up for
brain bank donations. Articles by both Harold and
colleagues and Lewis and colleagues outline meth-
odologies, including cross-fostering designs and
Mendelian randomization, that can strengthen cau-
sal inference with regard to environmental risk
factors. Lewis and colleagues rightly highlight the
critical importance of interrogating any phenotype
using different study designs and different samples.

Need to focus on multiple risk genes and
environments

The extant evidence base clearly suggests that to
understand individual differences in psychological/
psychiatric phenotypes, it is not sufficient to focus
on main effects of few genes and environments.
A number of papers in this special issue highlight the
importance of studying more than one risk gene and
environment at the time. The majority of psycholog-
ical/psychiatric outcomes are not the result of a
single, deleterious genetic mutation or environmen-
tal insult (Plomin, 2013; Rutter, 2012; Viding &
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McCrory, 2012). Common polymorphisms probabi-
listically increase risk for a disorder and can con-
tribute to an outcome both additively and also by
interacting with other polymorphisms and environ-
mental factors.

Environmental risk factors also rarely occur in
isolation. Burt and colleagues illustrate this point
well in their paper that demonstrates that maternal
warmth and directiveness jointly moderate the etiol-
ogy of conduct problems. Their findings emphasize
that high levels of risk do not necessarily co-occur
with low levels of protection, but that it is the relative
balance of environmental risk and protective factors
that predict the ‘weighting’ of genetic vs. environ-
mental factors in promoting individual differences in
conduct problems. It would be extremely informative
to see more studies that measure multiple environ-
mental factors and also utilize genotype information.
An interesting example of this approach is Kauf-
mann and colleagues’ study (Kaufman et al., 2004),
which demonstrated that genetic vulnerability to
depression following maltreatment was buffered by
social support.

Bentley and colleagues’ article focused on multiple
risk alleles (rather than multiple environmental risk
factors) for antisocial behaviour. Their findings sug-
gest that latent variable approaches, which identify
susceptibility genes that in combination increase
risk to a disorder, may be helpful in advancing our
understanding of genetic vulnerability to maladap-
tive outcomes. The challenge is to follow up this
finding and characterize the biological processes
that are specified by this co-action of genes (likely
both additive and interactive). Winham and Bierna-
cka’s paper also emphasizes the importance of
utilizing new analytic methods, including path-
way-level analyses that capitalize on incorporating
prior biological knowledge and involve analysing a
number of functionally related genes in relation to
specific environmental exposure. Polygenic compos-
ites that aggregate the effects of many polymor-
phisms are being increasingly used to capture
genetic risk (Plomin & Simpson, 2013).

Studies are also starting to combine multiple
genetic and multiple environmental measures. Hud-
son and colleagues’ study illustrates that gene–
environment interplay research is helpful in not only
understanding how risk environments may operate,
but also in elucidating who may most benefit from
‘reparative’ environmental factors, such as treat-
ment. Their study shows that possessing a ‘risk
allele’ can predict that a child benefits less from
psychological treatment for an anxiety disorder, but
they also demonstrate that measuring multiple risk
indicators simultaneously (different genotypes,
severity of disorder, co-occurring diagnoses, and
gender) can provide a helpful risk index that reliably
predicts which children are least likely to benefit
from standard psychological treatment protocols.
This approach, which the authors have named

‘therapygenetics’, suggests a way of identifying indi-
viduals who may need ‘enhancements’ or adjuncts to
a standard treatment regime in order to avoid
remission.

Diverse environments

Another important consideration this special issue
highlights is the need to focus on diverse environ-
mental factors when studying gene-environment
interplay. Campbell and colleagues studied a large
sample of children from Zambia and assessed
whether the effect of presence vs. absence of school-
ing on non-verbal intelligence was moderated by
catechol-O-methyltransferase genotype. No convinc-
ing evidence for the gene–environment interaction
was observed in this study and the authors point out
that future studies should investigate multiple
genetic factors in the context of schooling. This
study also brings a welcome reminder that we need
to extend our studies of gene–environment interplay
outside Western settings. Hart and colleagues also
focus on school factors in their article, namely school
level socio-economic status (SES) as a moderator of
reading comprehension. Their findings indicate that
genetics account for more variance in reading com-
prehension in higher than lower school SES areas.
This finding is in line with the bioecological model,
which proposes that genetic effects can only fully
actualize when there is optimal environmental
opportunity to their expression. It is also interesting
to observe that in areas of higher school SES, shared
environmental effects make an additional contribu-
tion to individual differences in reading achievement.
This suggests that those aspects of teaching that can
universally benefit all children have the biggest
chance of impacting performance when various
social ills are not detracting from the learning
experience. Finally, Hudson and colleagues study
should, again, be mentioned in this context, as it
emphasizes the importance of focusing on another
type of environment that occurs outside the family,
namely therapeutic setting.

Gene–environment correlation

It is gratifying to see so many papers in this SI
considering gene–environment correlation. Many
papers introduced controls of gene–environment
correlation to their gene–environment interaction
studies. For example, using a twin design to test
heritability of stressful life events, Chen and McGue
were able to confirm that the interaction between
BDNF Val66Met polymorphism and stressful life
events on adolescent depression was not an artefact
of gene–environment correlation. Two articles make
a significant contribution by presenting data and/or
overviewing study designs that are able to separate
environmental influences from gene-environment
correlation. Harold and colleagues used both a
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cross-sectional adoption-at-conception (IVF) and
longitudinal adoption-at-birth designs to study the
association between negative family relationships
and attention deficit hyperactivity disorder (ADHD).
Specifically, using these two designs enabled the
researchers to investigate this association while
controlling for passive gene–environment correlation
and directly examining evocative gene–environment
correlation. They found that there were geneti-
cally-influenced child ADHD-related temperamental
attributes that evoked hostility in genetically-unre-
lated mothers. This study also demonstrated an
environmental effect of hostile parenting on subse-
quent ADHD symptoms. Aside from these important
empirical findings, this article also clearly showcases
the utility of different adoption designs in increasing
our understanding of gene–environment interplay. In
their review article, Lewis and colleagues provide a
clearly written ‘master-class’ (very readable even for
the ‘uninitiated’) overviewing approaches, such as
Mendelian randomisation, that can strengthen cau-
sal inference regarding whether pre-natal risk fac-
tors for childhood behavioural and psychiatric
disorders are truly environmental risk factors or
whether they actually reflect genetic vulnerability.

Looking forward

It is a safe bet that most phenotypes are an end
product of multiple genes and environments, but
which genes and what environments, and precisely
how they work at different points of development, is
still to a large extent uncharted. Over 10 years
ago the importance of functional genomics (under-
standing the molecular mechanisms of different
outcomes), as well as behavioural genomics (under-
standing how the genetic effects unfold across
behavioural development), was highlighted in a
Viewpoint in Science (McGuffin, Riley & Plomin,
2001). Whilst the study of gene–environment inter-
play has certainly gathered pace since then, we still
know surprisingly little about the precise mecha-
nisms involved. As I mentioned at the start of this
commentary, this SI both showcases the exciting

new advances in methods and findings in this field,
but also offers a chance to reflect on the fact that
there is still a long way to go and that methodological
advances have not only helped us to ‘crack the
puzzle’, but have also introduced new pieces to it.
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