
collaborative efforts with wide-
spread sharing of data acquired
using standardized assessment
protocols. Even though there are
legitimate concerns about the
tradeoffs inherent to big-science
approaches that must be consid-
ered, there is considerable poten-
tial payoff in terms of better
prevention approaches within the
social and behavioral domains. j
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The Dialogue
Between Social
Environments
and the Genome

The relationship between innate,
inborn inherited properties and
the environment, particularly the
social environment, has been one
of the most contentious topics in
human intellectual discourse for
many generations. This discussion
touches upon foundational moral
and philosophical questions that
define who we are, and is there-
fore highly emotionally loaded.
This agelong discussion has been
reinvigorated in recent times by
leapfrog progress in genetic re-
search and the emerging dominant
dogma in biology that genotypes
determine physical as well as be-
havioral phenotypes. The sequenc-
ing of the human genome and the
increasing feasibility of whole ge-
nome sequencing raised hopes that
the vast majority of human disor-
ders and interindividual variation
in health and behavior will be
explained by interindividual varia-
tions in DNA sequence. Genetic
determinism has been pervasively
dominant in biological sciences for
the last century and beyond. Strong
evidence for heritability of behav-
ioral traits has paved a path for

these concepts into social and be-
havioral sciences as well.

GENOTYPE DEFINES
PHENOTYPE: A PLACE
FOR ENVIRONMENT?

Is there room for external
environments in shaping the phe-
notype, and particularly is there
any place for the ephemeral social
environment in defining what
are believed to be hardwired bi-
ological processes? If indeed dif-
ferences in gene sequence define
differences in behavior, then
social environments themselves
emerging in ethnic or familial
clusters are genetically prede-
termined. Genetic dogmatism
could at least formally argue that
poverty and other stressful famil-
ial environments are genetically
predetermined. A compromise
between genetic determinism and
social-environmental theory has
been struck by introduction of the
concept of gene---environment
(G·E) interaction, which was sup-
ported by epidemiological evi-
dence from the pioneering work

of Caspi et al.1 The age-old conflict
of nurture versus nature was
reformulated in the new emerging
concept of gene---environment in-
teraction. The integration of ge-
netic data in social epidemiologi-
cal research is the focus of this
issue of the American Journal of
Public Health. The articles in-
cluded in this issue discuss both
the promise and challenge of in-
tegrating genetic data with social-
epidemiological data and its pos-
sible implications on prevention
and intervention (Belsky et al.
p. S73---S83).

The concept of G·E interaction
is somewhat a misnomer because
the current form of analysis does
not delineate how environments
act on genes. All humans have the
same genes with very minor vari-
ations for most cases. Gene---envi-
ronment interactions are understood
in the literature to date as a mea-
sure of how a certain environment
modulates the probability that a
certain genetic variation will result
or be associated with a particular
variation in trait. A clear example
in behavioral science is the
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demonstration by Caspi et al. of
the effect of early adverse environ-
ments on depression later in life in
individuals who carry a risk allele
of the serotonin transporter gene.1

GENETICS IN SOCIAL
SCIENCES: PROMISE AND
CHALLENGES

Why should investigators con-
ducting social and public health
studies consider incorporating in-
formation on genetic variants? It is
a consensus in the articles pre-
sented in the current issue that
integration of gene variant infor-
mation in social sciences is still
lacking but nevertheless valuable.
There are conceptual and practi-
cal reasons for incorporating gene
variant information that are dis-
cussed in detail and depth in this
issue (Belsky et al.). Conceptually,
the articles reverberate with the
echoes of a titanic battle between
genetic determinism and environ-
mentalism, between the idea that
social mental and physical health
disparities are driven by social
inequalities and the suggestion
that these are genetically prede-
termined. Practically, for those in-
terested in prevention and inter-
vention, informative genetic
variants might guide identifying
individuals who would most ben-
efit from an intervention. This is
important in situations where
there is evidence that risk allele
(gene variant) bearers could ben-
efit and flourish in certain envi-
ronments that have no benefit for
those bearing the low risk or
beneficial allele.

However, as discussed in sev-
eral of the reviews presented in
this issue the evidence for G·E
interaction might be methodo-
logically deficient and under-
powered. One of the main chal-
lenges in this field is the low
effect size of even gene variants

with highly significant genome
wide associations (Chabris et al.,
p. S152---S166). Therefore,
most studies that incorporated
gene variant analysis were se-
verely underpowered. This
might be remedied by larger
multiwave, multilevel-cohort
population studies (El-Sayed
et al., p. S14---S18; Harris et al.,
p. S25---S32; and Boardman
et al., p. S64---S72). On the
other hand, there is the funda-
mental question of whether the
environmental measures are also
genetically predetermined (gene---
environment correlation [rGE]);
therefore G·E interactions might
be truly gene---gene interactions.
This is especially pertinent for
studies measuring the impact of
early life familial environments
on later phenotypes or ethnically
associated social inequality that is
not disentangled from genetic
stratification. It is therefore for-
mally possible that several
reported G·E effects are truly
gene---gene effects between
gene variants that affect famil-
ial or ethnic social inequalities
and gene variants that affect
other behavioral traits. Several
methodological approaches to
disentangle rGE from GE in-
teractions are proposed in this
issue. For example, interven-
tion studies could measure the
interaction between gene vari-
ants and an external environ-
ment that is not a derivative of
the genetic matrix of the group
(Brody et al., p. S19---S24, and
Roetker et al. p. S136---S144).
Similarly, measuring impacts of
policy changes through natural
experiments as well as family-
based quasi-experimental design
could potentially delineate true
G·E interactions (D’Onofrio et al.,
p. S46---S55, and Mezuk et al.,
p. S145---S151). It is also ex-
tremely critical to have a more

defined measure of environmen-
tal factors at different time points
during the life course to establish
causal inferences and define
causal intermediate pathways
between environmental exposures
and behavioral outcomes (Belsky
et al., and Boardman et al.).

There are critical issues raised
regarding the practical utilization
of gene variant associations in
prevention and intervention. First,
the small effect size of most if not
all variant alleles on behavior
raises serious doubt whether
they would be practically useful.
If indeed large population studies
are required to identify such as-
sociations, their effect size must be
small, and they could not be
highly practically informative.
Even if this could be corrected by
using a combination of gene var-
iants, serious ethical issues of
stigmatization and the large prob-
ability of false negatives that will
be denied a beneficial interven-
tion are paramount (Brody et al.).

THE ROLE OF EPIGENETICS

Gene function could be mod-
ulated not only by genetic varia-
tion but also by epigenetic varia-
tion, which includes chemical
modification of the DNA by
methylation2 and hydroxyme-
thylation, variations in the man-
ner by which DNA is packaged in
chromatin and modification of
histones (the proteins that are the
building blocks of chromatin).3

Thus, variations in epigenetic
marks might explain some of the
variance in behavioral traits. The
inclusion of epigenetic measure-
ments in epidemiological and so-
cial studies is discussed in several
articles in this issue and is in-
creasingly visible in the field
(Jackson et al., p. S33---S42,
and Theall et al., p. S133---
S135). Epigenetic variants

might emerge stochastically and
possibly be enhanced in re-
sponse to environmental expo-
sures. However, epigenetic var-
iation might be also be driven
by genetic variation as well,
keeping in line with genetic de-
terminism. Thus, proper designs
are required to disentangle ge-
netic versus environmentally
driven epigenetic variations.
However, epigenetic variation is
still understood in the field as
conceptually similar to genetic
variation, as a random event
whose probability might be en-
hanced under intense adverse
environments and could explain
a certain fraction of the pheno-
typic variance. However, I sug-
gest that epigenetics could pos-
sibly lead to a paradigm shift in
the way we examine and un-
derstand G·E interactions.

A NEW PARADIGM FOR
GENE–ENVIRONMENT
INTERACTION

Notwithstanding the discus-
sion surrounding the question
of what fraction of interindivid-
ual behavioral variation is de-
termined by genetic variation or
environment, there is no rea-
sonable doubt to my knowledge
that gene function defines be-
havior at multiple levels.
Therefore, the question that
should be posed is whether
and how do social environ-
ments interact with genes to
program their function? (Cole,
p. S84---S92). To date, this
interaction has been a statistical
construct with no real attempt
to unravel the underlying
mechanisms. However, without
delineating a physiological con-
duit that leads from perception
of the social environment by
individuals to translation of this
perception into persistent

S10 | Editorials American Journal of Public Health | Supplement 1, 2013, Vol 103, No. S1

EDITORIALS



alterations in gene function, this
elusive interaction remains al-
most a magical concept. It is
formally possible but highly
improbable that environmental
stressors just increase the sto-
chastic noise generated by ge-
netic variation.

An alternative plausible hy-
pothesis is that these mysterious
G·E interactions reflect evolu-
tionary conserved and broadly
represented physiological pro-
cesses that translate environ-
mental information at different
stages in life and at different time
scales to persistent programs of
gene function. These environ-
mentally programmed genome
functions adapt and define be-
havioral and physical pheno-
types. These processes act on
genes, not just variant gene al-
leles, although they might be
modulated by gene variation.

The small effect sizes of common
gene variants suggest that ge-
netic variation might be re-
stricted by evolutionary selec-
tion (Chabris et al.). Delineating
gene variants that modulate the
response of genes to environ-
ments would identify important
players in the matrix of genes
that are programmed by the
environment in all individuals.
However, our main challenge
remains to understand how
the common human genetic
landscape is shaped by the
environment.

THE CHALLENGE FOR
PUBLIC HEALTH AND
SOCIAL SCIENCES

Social sciences and public
health studies must face this
challenge and grab the opportu-
nity to integrate biological and

chemical mechanisms in public
health studies as well as investi-
gate mechanisms linking social
processes to genome function
and those linking genome func-
tions to social outcomes in several
dimensions. Facing this challenge
will require a combination of skills
in both dissecting social processes
as well as physiological and gene
function analysis at multiple
levels, which could be achieved
by open-minded interdisciplin-
ary collaboration (Fletcher and
Conley, p. S42---S45). However,
most importantly this challenge
calls for devising new approaches
for training a new generation of
social scientists that could naturally
integrate two seemingly disparate
spheres of knowledge and a multi-
tude of research platforms into
their work. j
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Genes Can
Point to
Environments
That Matter to
Advance Public
Health

As the call for contributions in-
dicated,

The NIH and the AJPH com-
bined efforts to generate this re-
markable special issue of the
AJPH with the goal of advancing
research that integrates knowledge
about genetics and social science
to better understand human
health and development.

It has become almost routine—
as one discovers in reading these
articles—to bemoan the fact that
despite an enormous investment of
research energy, the promise of
sequencing the human genome for
understanding human health and
behavior has not been fully real-
ized. There are many reasons for
this. One simple idea is that this
may be a story of looking for the
keys we dropped on the street only
underneath the streetlight—people
have been looking for answers in
the wrong place, that is, at the
genome. What if the sequencing

promise is to be found not in
the genome but instead in a bet-
ter understanding of the social
and cultural factors that shape
health?

In the interest of fairness we
should also bemoan the fact that
despite a lot of work we have only
a modest understanding of the
sociocultural factors that shape
human behavior, development,
and health. It is quite remarkable
how little we really know. One
idea is that integrating knowledge
about genetics may help clarify
why this is the case, not because
this information will trump socio-
cultural factors—as many social and
cultural scholars, but not those in
this issue, fear—but because genetic
information may point toward
better identification of which kinds
of social and cultural factors mat-
ter, why they matter, and when
they matter for public health.

The articles in this issue con-
sider a large range of substantive
health and behavior outcomes
with quite different goals in mind.
The main goal—different than
that suggested above—is to get
a handle on genes that matter and
our strategy for estimating how
much they matter. Fletcher and
Conley (p. S42---S45) consider
how social science design devel-
opments for identification of
causal mechanisms—specifically
exploiting natural experiments
that treat the environment in crisp
and temporally bounded ways—
may enable researchers to identify
with confidence genetic factors
that matter for outcomes as di-
verse as smoking and depression.
Because one of the difficulties in
thinking about gene---environment
interaction is that genes may
lead to selection of environments,
it follows that exploitation of
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