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Gene-Environment-Wide Interaction Studies 
in Psychiatry

Rates of psychiatric disorders, including schizophrenia, vary across regions and de-
mographic groups, suggesting widespread environmental influences. However, re-
ported “environmental” effects are misleading, for in reality they represent the effect of
the environmental exposure as expressed in relationship to all the genetic influences
that render an individual more sensitive to it. Genetic control of sensitivity to the envi-
ronment is known as gene-environment interaction (G×E). Because study populations

always contain a mix of genetically sus-
ceptible and nonsusceptible individuals,
associations between environmental ex-
posures and psychiatric outcomes will be
shifted toward the null if there is underly-
ing G×E. The article by Clarke and col-
leagues in this issue (1) nicely illustrates
this effect. In this study, maternal pyelo-
nephritis during pregnancy was the iden-
tified environmental factor. This infec-
tion, by itself,  did not increase the
subsequent rate of schizophrenia in the
offspring of affected women. However, in
the presence of genetic liability, for ex-
ample, a father who had schizophrenia, a
significant association with maternal
pyelonephritis became apparent. The re-
sults were indicative of a gene-environ-

ment interaction, as the two risk factors—family history and maternal infection—were
more than additive, such that the risk for the two factors in combination was greater
than the sum of their individual effects.

Gene × Environment Approaches

Quantitative Genetic Epidemiology

Clarke and colleagues’ elegant study demonstrates that traditional epidemiological
designs examining environmental exposures can be enriched by modeling genetic vari-
ation as a traditional risk factor in hypothesis-based epidemiological analyses. Genetic
risk can be indexed by proxy variables such as a positive family history (as used by
Clarke and colleagues), intermediary phenotypes (2), sibling correlations on a behav-
ioral trait (3), or the quantification of genetic contribution to a trait using structural
equation modeling in twin or extended family data (4). Even though measures such as
family history induce a high rate of false negative misclassification, and direct molecu-
lar genetic information can now be easily incorporated in epidemiological analyses (see
below), there is still considerable scope for analyses using indirect measures of genetic
risk. This is because quantitative genetic epidemiology in theory provides the possibil-
ity of modeling the net total genetic contribution to a trait, including all unspecified
gene-gene interactions as well as unmeasured gene-environment interactions that
might contribute to differential susceptibility to the exposure of interest. This clearly
represents an advantage over molecular genetic measures of genetic variation contrib-
uting to a trait, as even genome-wide association studies with the most densely posi-

“Undoubtedly the greatest 
challenge in the years to come is 

to combine the agnostic, 
previously much berated but 
very recently reinvigorated, 
mass-marker approach of 

genomic interrogation on the 
one hand with the hypothesis-

based approach of 
epidemiology and 

neurobiology on the other.”



Am J Psychiatry 166:9, September 2009 965

EDITORIAL

ajp.psychiatryonline.org

tioned marker information in the largest of samples are currently able to explain only a
fraction of the total heritability of the trait under examination.

Hypothesis-Based Molecular Genetic G×E Using Candidate Genes

Traditional epidemiological analyses may also model G×E using direct molecular ge-
netic variation in hypothesis-based candidate genes. One example is the hypothesized
interaction between variation in the gene encoding the serotonin transporter and life
stress in depression. The initial report of such a finding (5) generated much interest, but
the most recent meta-analysis examining the body of work attempting to replicate it
concluded that there was no evidence to support a gene-environment interaction. One
reason for this may be that the prior probability of any G×E hypothesis based on a single
measure of molecular genetic variation is so low that only a fraction of the studies re-
porting a p value <0.05 are likely to have a research hypothesis that is true. This is un-
likely, however, given the fact that meta-analysis of experimental gene-environment in-
teraction studies investigating emotional stimuli affecting amygdala activation does
suggest moderation by the same serotonin transporter polymorphism (6), in agreement
with experimental animal research (7). Similar examples exist in research on psychotic
disorders, where an initial observational study suggested an interaction between can-
nabis use and the COMTVal158Met polymorphism (8). Although a later study using a case-
only design could not replicate this finding (9), an experimental study did provide evi-
dence for the same gene-environment interaction (10). In combination, the findings
suggest that experimental human and animal studies will be of major importance for
follow-up of necessarily “noisy” observational findings of G×E.

Agnostic Molecular Genetic G×E Using GWAS: GEWIS

Undoubtedly the greatest challenge in the years to come is to combine the agnostic,
previously much berated but very recently reinvigorated, mass-marker approach of ge-
nomic interrogation on the one hand with the hypothesis-based approach of epidemi-
ology and neurobiology on the other. Genome-wide association studies (GWAS) have
brought about a revolution in the search for molecular genetic variation underlying
psychiatric disorders. While it is not likely that every genetic variant relevant for psychi-
atry will be found through the hypothesis-free genome-wide approach of GWAS, fears
of yet more inconclusive “fishing expeditions” have been refuted as GWAS of large sam-
ples have detected associations with common single-nucleotide polymorphisms and
rare copy-number variants. This development is important for G×E research for two
reasons. The first is that findings from GWAS will yield genetic variation for candidate
approach G×E analysis with a much higher prior probability than was hitherto the case.
The second is that GWAS identify associations that misleadingly are interpreted as “ge-
netic” but in reality also include all underlying gene-environment interactions. This
creates the challenge to enrich GWAS with environmental information so that gene-en-
vironment-wide interaction studies (GEWIS) (11) may be conducted. GEWIS obviously
pose formidable conceptual and epidemiological challenges. Traditional epidemiolog-
ical tools and methodologies are not equipped for the mass-marker agnostic approach
of GWAS, and the scale, cost, and precision of environmental measurements differ rad-
ically from those used in molecular genetics. In addition, new statistical approaches
need to be developed beyond interaction as departure from additive or multiplicative
joint effects while guarding against noninterpretable flooding of false positive signals
from GEWIS. In order to meet these challenges, new multidisciplinary collaborations
need to be formed, ethical implications need to be examined, and novel statistical ap-
proaches need to be developed. GEWIS are therefore poised in the years to come to pro-
duce replicable gene-environment interactions.
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