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In this issue of the Journal, we publish 4 review articles
(1-4) on gene-environment interaction (GXE) analysis in epide-
miologic research. The papers resulted from a 2014 workshop
held by the National Institute of Environmental Health Sciences
and the National Cancer Institute to explore new approaches for
discovery and characterization of GXE in epidemiologic research.
The 4 papers provide an update on: 1) the state of the science in
analytical methods of GXE (1); 2) opportunities for incorporation
of biological knowledge into GXE analyses (2); 3) lessons learned
from past GXE successes (3); and 4) overarching themes on cur-
rent challenges and opportunities for gene-environment inter-
action studies of complex diseases (4). Topics include improved
data analytical methods, environmental exposure assessment (5),
and incorporation of functional information.

Together, these papers provide an overview of the GXE field
at a time of explosive growth in the quantity and types of data
that are being collected at the individual and population levels.
Obviously, genome-sequencing data is a major emerging source
of information on individual genetic susceptibility, but we are
increasingly able to use other “-omic” data (6)—such as meta-
bolomics, proteomics, epigenetics, and others—to measure
and characterize biological processes that result from GXE. We
are also increasingly able to join diverse biological data with var-
ious environmental, social, financial, geographic, and transac-
tional data in a “‘big data” (7) health-impact framework.

Increasingly, all epidemiologists and all branches of epide-
miology—not just genetic epidemiology—will be called upon
to conduct GXE analyses in their studies. There are many reasons
for studying GXE, including providing insights into disease biol-
ogy, building better models of disease prediction and prognosis,
and identifying subgroups of the population with much higher
disease risks based on combined genetic and environmental
factors. Also, in our search for genetic components of various
diseases, the modifying effects of environmental risk factors
are not often taken into account. Therefore, leveraging GXE
may result in discovery of additional disease susceptibility loci.
Ultimately, uncovering interactions should teach us about dis-
ease biology and lead to new opportunities for treatment and
prevention.
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As shown in these papers, in spite of the enthusiasm for and
interest in GXE analysis, there are only a few genuine success
stories from the study of GXE. Uncovering interactions is fraught
with potential biases and methodological issues. Inherently, there
is the problem of low statistical power when testing for GXE in
studies designed to uncover main effects of variables. There is
also the problem of the complexity of measuring environmental
exposures and the difficulty in assigning temporality, especially
in case-control studies. The problems of false positivity, data
dredging, and selective reporting of positive interactions further
complicate the field. Other problems include the limited range of
genetic and/or environmental variation, scale dependence in the
definition of statistical interaction, and a lack of biological data
on the health impact of many genetic variants.

With the launch of the Precision Medicine Initiative (All of
Us Research Program) (8)—in which a million participants
will contribute myriad personal, genomic, environmental, and
other data and be followed for health outcomes—the stage is
set for numerous methodological and analytical developments
in GXE research in the next decade. We hope the papers included
here can provide a glimpse for our readers into the past, present,
and potentially rich opportunities for the future of GXE analysis
in epidemiologic research.
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