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Studies of human molecular genetics and social
environment interactions have increased dra-
matically during the past decade.! Although the
majority of these studies rely on a classic
diathesis-stress model that emphasizes genetic
variations and social environments that are
unfavorable or risky, researchers have pro-
posed a differential susceptibility or biological
sensitivity model, which postulates that indi-
viduals vary in their sensitivity to environ-
ments, with those having more genetic sensi-
tivity experiencing more negative outcomes in
unfavorable environments and more positive
outcomes in favorable environments compared
with those having less genetic sensitivity."* A
third model referred to as the social distinction
model mirrors the diathesis-stress model by
arguing that in the harshest environments
outcomes are confined to a narrow range
because the environment overwhelms any
specific biological pathway. However, given

a more supportive environment, the variance
of outcomes is larger and that variance is partly
caused by genetic factors. Interestingly, little
research examines this model, even less than is
found for differential susceptibility or biologi-
cal sensitivity.>® Early research primarily fo-
cused on behavioral indicators of sensitivity
(negative emotional reactivity to psychosocial
challenges or what was sometimes termed
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Researchers have proposed a genetic differential sensitivity to social environ-
mental (GDSE) model positing that individuals with certain genetic makeups are
more sensitive to favorable and unfavorable environmental influences than
those without these genetic makeups. We discuss several issues facing re-
searchers who want to use GDSE to examine health: (1) the need for greater
theorizing about the social environment to properly understand the size and
direction of environmental influences; (2) the potential for combining multiple
genetic markers to measure an individual’s genetic sensitivity to environmental
influence; (3) how this model and exogenous shocks deal with gene-environ-
ment correlations; (4) implications of this model for public health and pre-
vention; and (5) how life course and developmental theories may be used to
inform GDSE research. (Am J Public Health. 2013;103:5S102-S110. doi:10.2105/

difficult temperament) and physiological re-
sponses to such challenges (autonomic, im-
mune, and cortisol changes).7 Interest ex-
panded from considering susceptibility to
negative environments to a consideration of
sensitivity to positive environments as well.
With advances in genotyping, researchers are
now using measured gene variations as
markers of individuals’ biological sensitivity,
creating what we term the genetic differential
sensitivity to social environment model
(GDSE). In addition to hypothesizing a cross-
over effect, GDSE models imply that hetero-
geneity of response to environments (including
social interventions, treatments, and policies)
may be partly genetic. For this reason, GDSE
models can be an important tool not only for
understanding population health but also for
designing public health policies and programs
that are more targeted and more effective.
Our goal for this article is to discuss some
of the broader theoretical and methodological
issues confronting researchers who are using
or plan to use GDSE models to enrich their
understanding of population health. Others
have more formally documented the process of
detecting a genuine GDSE model; therefore, we
do not review that process here.>® Our first
section is a brief review of the 2 theoretical
approaches to GDSE.""*7°7 In subsequent

sections, we discuss the importance of devel-
oping positive measures of both environments
and health; the advantages and disadvantages
of using multiple indicators of the same genetic
construct; how the GDSE model and exoge-
nous environmental events can help social
scientists to deal with causality; and how GDSE
approaches may be useful for public health and
prevention. We close with a discussion of the
importance of integrating GDSE models with
developmental and life course frameworks to
further research and prevention efforts.

MODELS OF GENETIC DIFFERENTIAL
SENSITIVITY TO ENVIRONMENT

In the late 1990s, Boyce et al.” and Belsky”
independently proposed models for explaining
individual variability to environmental condi-
tions or events. Both researchers were struck
by the fact that not all individuals (both focused
on children and youths) exposed to negative
events had compromised health or develop-
ment nor did all individuals exposed to positive
environments have enhanced health or devel-
opment. Both researchers posited that certain
individuals were more sensitive to their envi-
ronments, for better and for worse. These
insights were based in part on work with
children who had difficult temperaments or
who exhibited strong behavioral reactivity to
the environment. Belsky” used the term dif-
ferential susceptibility theory, whereas Boyce
et al." used the term biological sensitivity to
context theory. The former emphasizes genetic
sensitivity as possibly responsible for individual
characteristics, such as temperament; the
latter emphasizes the physiological features
of behavioral reactivity in various biological
systems. Each researcher argued that such
individual differences in sensitivity had evolu-
tionary advantages, in part, because humans
can exist in a wide range of environments (or what
is sometimes called multiniche environments),
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and therefore, biological variation is beneficial
because, at a population level, such genes hedge
bets in terms of which characteristics are most
adaptive in more and less difficult circumstances
and which environments humans are likely to
experience in the future.”'? Both approaches
argue that bet-hedging helps explain within-
family (across-sibling) variability in phenotypes
and the phenomena of relatively large nonshared
environmental effects in behavioral genetics."

These models were derived, in large part,
from developmental theory focusing on the
intersection of person, process, and context as
outlined by Bronfenbrenner.'* Less emphasis
was placed on changes over the life course
(individuals) or over cohorts (history). The
models also differed with respect to their
emphasis on the possibility that early experi-
ences would influence biological sensitivity
itself, with Boyce et al.* highlighting the fact
that biological reactivity to the environment
could be influenced by previous experience
(i.e., individuals who experience very negative
or positive environments are likely to become
more biologically reactive over time). Although
most genetic approaches to differential sensi-
tivity do not have such bidirectional effects
built into their models, the epigenetic processes
(e.g., methylation, histone modification, etc.)
could have the same effect (i.e., very positive
or negative experiences being more likely to
reset or dial up or down the expression of
a particular gene variant).">'® Also, neither
model considers variability across genes or
biological systems, instead focusing to a large
extent on behavioral reactivity and difficult
temperament and their underlying biological
processes (neurotransmitters and certain brain
systems, such as the amygdala and prefrontal
cortex).

To date, of the many studies searching
for gene by environment interactions (GxE),
probably less than 5%, use GDSE models.
Nevertheless, 2 recent reviews devoted to
GDSE models signal an emerging literature."
At the time of this writing, the majority of
GDSE work is primarily with children, in part
because of the historical focus on difficult
temperament and the interest in behavioral
reactivity. However, more work is being done
on adolescents and adults, as well as intergen-
erational approaches where GDSE is being

examined in parents.'”
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Our own use of the GDSE model borrows
from these 2 traditions, with a particular focus
on genetic variation and regulation. As such, it
includes an examination of genetic and epige-
netic processes (here we focus on genetic
variation more than epigenetic regulation of
expression, although the latter may be critical
for understanding how early experiences
may become instantiated in an individual’s
biology and have long-term behavioral effects).

GDSE AND MEASUREMENT OF THE
ENVIRONMENT

A key contrast between the GDSE model
and the diathesis-stress model is that the latter
predicts a unidirectional influence of GxE,
whereas GDSE predicts a bidirectional influ-
ence. Interestingly, there are a few GxE studies
where, depending on the beneficial environ-
ment under study, researchers may not be
searching for a crossover effect, but for a sen-
sitivity effect on the positive or bright side of
environments.>*?? Figure 1 illustrates the 4
possible quadrants in which GxE interactions
might be observed. The top 2 quadrants (I and
II) represent positive outcomes or health,
whereas the bottom 2 quadrants (III and IV)
represent negative outcomes or illness. Quad-
rants I and IV represent unfavorable environ-
ments, whereas quadrants II and III represent
favorable environments. In Figure 1, the
diathesis-stress model focuses almost exclu-
sively on interactions in quadrant IV (the
association between unfavorable environments
and illness). In contrast, the GDSE model
pushes researchers to conceptualize and mea-
sure both favorable and unfavorable environ-
ments (quadrants I and IV).?> Environmental
influences can be thought of as a continuum
where one end is expected to result in a positive
outcome, the other end is expected to result
in a negative outcome effect, with the middle
showing no effect. Alternatively, they can be
thought of as discrete events or changes with
opposite outcomes. Good examples of contin-
uous measures include family income or pa-
rental education, whereas good examples of
discrete events include events such as union
formation or dissolution or residential moves.
In both cases, the goal is to construct a mea-
sure of the environment that allows testing for
the effect of both favorable and unfavorable

Well-Being/Positive Health

Unfavorable Environments
Favorable Environments

lliness

Note. Quadrant IV, which examines genetic differences
by negative environments on illness, has received the
most attention and is the main location of diathesis-
stress research. Genetic differential sensitivity to
social environmental research has been conducted
primarily in quadrants Ill and IV.

FIGURE 1—Conceptual research
opportunities of gene-environment
research on health.

environments on outcomes within the same
domain.>* In the absence of a favorable
environmental dimension, results from the
GDSE and diathesis-stress models should ap-
pear to be very similar. By illustration, we
present data from the Fragile Family and
Child Wellbeing Study, in which we examine
the association between socioeconomic status
(SES; which was measured in terms of family
income and maternal education) and maternal
depression 1 year after birth as a function

of genotype based on 2 genetic markers (5-
HTTLPR and STin2) on the 5-HTT gene.!” In
Figure 2, we classified mothers based on their
number of sensitive alleles (given the 2
markers, the theoretical range is 0—4). If only
the negative effect of parents’ low education is
examined, the 3—4 alleles group would appear
to be the risky genetic variant. However, if the
positive effects of parents’ higher education
are studied, the O—1 allele group would be the
risky version. Looking at both environments
simultaneously provides a more nuanced un-
derstanding of the GXE influence on maternal
depression, suggesting that the risky variant is
more accurately described as a reactive or
sensitive variant.

The GDSE model also encourages scholars
to think carefully about the theoretical and
substantive meaning of having favorable
and unfavorable environmental influences.
For example, it is not always clear which
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Source. Reprinted from Mitchell et al.”" with permission.
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Note. The GXE model does not constrain SES to be related across allele types. We combined 0 and 1 alleles into 1 group and
3 and 4 alleles into a second group, with those with 2 alleles in a third group (excluded from the graph). Those with 0, 1, or 2
alleles do not have a significant effect of SES on postpartum depression (PPD). Those with 3 or 4 alleles have a significant
18% decrease in the odds of PPD for every year of education (b =-0.199; SE=0.089; Z=-2.24, 0.025).

number of reactive 5-HTT alleles.

environmental effects are opposite. By illustra-
tion, what is the favorable equivalent of a high
conflict home—remembering that the absence
of an unfavorable environmental influence is
not the same as the presence of a favorable
environment influence? Similarly, even when
clear opposites are found, environments may
not always be symmetric in their effects. For
example, research shows that decreases in re-
sources are much more powerful than equally
sized increases in resources.>> In our work,
we found that negative responses to income
losses are stronger than positive responses to
income gains. Similarly, we found that union
dissolutions are more negative than the posi-
tive responses to union formations.>* An im-
portant concern is that measures of unfavor-
able environments are much more common
than measures of favorable environments

in most health studies.

Finally, in addition to pushing social scien-
tists to think harder about how to measure
favorable and unfavorable environments, the
GDSE model also encourages researchers to
consider both positive and negative health
outcomes. Although the majority of GDSE
work has focused on negative outcomes, such
as poor mental health, child behavioral prob-
lems, etc., GDSE has the potential to provide
important insights into positive health as

well ** That is, GDSE encourages researchers
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FIGURE 2—Probability of postpartum depression across socioeconomic status (SES) by the

to focus on quadrants I and I in Figure 1 just as
much as quadrants III and IV. Interestingly,
the diathesis-stress model could also apply to
positive outcomes (quadrant I), but very little
research has been directed there. Again, how-
ever, the field is limited, in that measures of
positive health are less common than measures
of poor health and illness. Possible candidates
for measuring positive health or wellbeing
outcomes include happiness (or positive affect),
self-efficacy, conscientiousness, empathy or
concern for others, openness to new experi-
ences, positive relationships or interactions,
faster than expected recovery times, and high
age-specific health on any outcome. Just as
favorable environments are more than an
absence of unfavorable environmental influ-
ences, positive health and wellbeing is not
just an absence of illness.

GDSE AND MEASUREMENT OF
GENES

Another issue for social scientists interested
in GDSE is how to parsimoniously identify and
measure genes that indicate differential sensi-
tivity. At least 2 issues are relevant, the first
having to do with whether sensitivity should be
conceptualized as a continuum or not and the
second having to do with the specificity of
genetic effects. With regard to the first issue,

we agree with others that sensitivity ought to be
seen as a continuum, rather than defining
individuals as sensitive or not sensitive.” Past
research has tended to define groups, such as
individuals with difficult temperaments or with
1 sensitive gene variant. However, a more
profitable and probably realistic approach is to
look at distributions of sensitivity. To do so,
multiple gene variants need to be measured,
rather than a single genetic marker (as has been
the case for virtually all of the GXE research
to date). Research is just beginning to take this
approach, typically summing gene variants
within a specific neurotransmitter system

(i.e., either the serotonergic or dopaminergic
system). Focusing on a single gene marker
within a complex system and then categorizing
an individual as sensitive or not ignores the
fact of variation across gene markers within an
individual. It also has probably led in part to the
sometimes divergent findings of GXE where
genes appear to have different directions of
effects in some environments compared with
others.

With respect to the second issue, following
standard procedures for social sciences, most
of the genes used by researchers are based on
some theoretically plausible role and a previ-
ously discovered interaction. For example,
most of the GDSE literature on social emo-
tional wellbeing has relied on the serotonergic
and dopaminergic systems.>*>#® Serotonin and
dopamine are neurotransmitters, chemicals
that transmit signals in between the nerve cells
(neurons) of the brain. These systems appear to
regulate thought, movement, mood, attention,
motivation, and learning.25"27'34 The idea is
to gather multiple markers for these systems in
hopes of producing a more accurate measure
of an individual’s latent differential sensitivity.
In a recent article on maternal depression in
the first year after birth, we constructed a
measure based on a count of the number of
sensitive alleles from 2 polymorphisms of the
prominent 5-HTT gene. We found that using
a measure based on multiple indicators of the
same gene yields a more robust interaction
between 5-HTT and the social environment
(SES in this case) on depression than using
a single marker.'” For some genes, there may
be dozens, if not hundreds, of possible genetic
markers (although many of these will be highly
correlated or in high linkage disequilibrium), so
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choosing the appropriate marker takes some
knowledge of the literature and sample char-
acteristics.>® Utilizing multiple genetic markers
of either the same gene or even of a system
may provide a better representation of a GXE
interaction, whereas most GXE research typi-
cally uses 1 genetic marker of many possible
markers of that gene.

After choosing the genetic markers of in-
terest, researchers will need to determine the
best procedure for combining the genetic in-
formation, if at all. Because of the novelty of
GDSE, there is little guidance in how to de-
termine the reactivity or sensitivity of a genetic
variant or polymorphism. To date, most studies
have taken markers classified as risky and
reclassified them as sensitive."> Often these
risky (now sensitive) alleles are often the
variants associated with lower transcriptional
efficiency.*®*” Many GDSE studies assume
a recessive genetic effect, requiring the gene to
have sensitive alleles from both the mother and
the father for it to be considered a sensitive
genotype.>*® Multiple genes are combined
with an equal weighting strategy, creating
a count of the number of homozygote sensitive
genes for the individual. Essentially, this ap-
proach constitutes what some may label a ge-
netic risk score, but under the GDSE frame-
work it becomes a genetic sensitivity score.
Although smaller in number, other GDSE
studies use an additive genetic approach so
that each person can have O, 1, or 2 sensitive
alleles for each genetic marker, which are then
summed across multiple genetic markers."”
Again, multiple genes are combined by equally
weighting each allele for each gene. Both of
these methods tend to result in peaked distri-
butions that are usually strongly positively
skewed because the homozygote sensitive ge-
netic markers are often the minor alleles.

As larger amounts of genetic information
become available, researchers may want to
incorporate larger numbers of genetic markers
into their measure of biological sensitivity. At
that point, weighting methods and other data
reduction strategies may be more useful in
creating this biological sensitivity measure. For
example, research from molecular biology may
suggest that some genetic effects may be
additive, whereas others are recessive or
dominant. It may be possible that genes at
different points in the pathway should be
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weighted differently because of their impor-
tance in determining system function. Similarly,
certain genetic markers of the same gene (but
at different loci) may be more influential for
gene function,

thus deserving a higher weight. Further, with
molecular biology increasing understanding
of epistasis and gene networks, researchers
may also want to incorporate this information
into their measure of genetic sensitivity, possi-
bly in ways similar to methods now measuring
social networks.

As the detail and complexity of genetic
factors increase, however, so do the statistical
power requirements for obtaining reliable es-
timates of direct and interaction effects.® As
with most studies of interactions, the power of
the test is a product of the distribution of the
2 independent variables (in this case the gene
and the environment), the dependent variable,
the sample size, and the expected effect size.
Few data sets have sufficient sample sizes to
power studies that properly take account of the
multiple comparisons that arise from testing
several different genes (or environments) and
GxE interactions. By using theory and previous
empirical research to construct scales that
combine multiple genetic markers, less explor-
atory examination is needed. The cost, how-
ever, is that the inclusion of markers with no
effect may offset the influence of those with
strong effects (i.e., measurement error). In
addition, the multiple indicator approach
does not allow researchers to test for specific
genetic mechanisms.

High-throughput sequencing and genotyp-
ing has led to a dramatic explosion of genetic
data available for GXE research. At the time
of this writing, most GDSE work comes from
data with relatively few genetic markers
(i.e., candidate gene approaches). At this point it
is unknown to what extent GDSE genetic
markers are prevalent in the genome. How-
ever, as mentioned previously, dealing with the
multiple comparison concerns is paramount.
One approach to handle the possible millions
of genetic markers (and hundreds of environ-
mental ones), is to be completely atheoretical as
to the environment and the genetic markers.
A way to do this is to test variance equality for
a specific outcome across the genotypes, so that
in the case of the 5-HTTLPR marker, we would
expect significantly higher variance in the SS

genotype compared with the LL genotype.*®
After finding the reactive variants, however,
the search for a possible environment(s) in-
ducing the variation begins—with its own mul-
tiple comparison issues. Under GDSE, the main
effect of a genetic marker will be a result of
the distribution of the environment in the
sample, and conditional on the environment,
the genetic marker would typically not have

a main effect.>® Therefore, methods that use
only genetic markers with large main effects to
test for GDSE would be expected to miss the
markers most likely to convey differential
sensitivity.

A second approach requires more knowl-
edge of the environment, but still tests all the
genetic markers, by specifying the expected
direction of the interaction; for example,
understanding that low education has worse
outcomes and high education confers positive
outcomes, compared with normal levels of
education.*" A third approach follows from
the preceding discussion and limits testable
markers to those in specific systems or even
genes of interest. This then would require
knowledge of the biological and social under-
pinnings of the health outcome, but require
aless stringent Pvalue because of the reduction
in multiple comparisons.

Even among genome-wide association stud-
ies, the genetic markers often identified are
relatively common, often occurring in at least
5% of the population. Considering the more
recent expansion of genetic work on rare
variants, this is an area GDSE has not exam-
ined. However, because GDSE is based on an
evolutionary model of hedging bets, rare var-
iants—especially those that are a result of very
recent mutations—may be less likely to be
markers that convey differential sensitivity.”**
Further, because allele frequency tends to be
inversely correlated with penetrance, we may
expect much smaller environmental interac-
tions with those markers.** However, at this
point, this is speculation because we are un-
aware of any GDSE models using rare variants.
A major hurdle of rare variant research in
GDSE will be having sufficient samples in
multiple environmental contexts to properly
test a GDSE.

One of the major challenges all GxE studies,
not just GDSE, face is to make progress in
understanding the pathways and mechanisms
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involved in linking the external experience to
molecular genetic responses. Starting at the
molecular level, epigenetic and gene expression
studies can prove informative and potentially
supportive, such as the linking of 5SHTTLPR to
differential processing of serotonin.'® One of
the nicest examples of exploring the molecular
basis of a GXE pathway is for the interleukin
(IL)-6 gene.** This work provides some evi-
dence that depression in later adulthood oper-
ates through the sympathetic nervous system to
increase norepinephrine levels, which lead to
greater GATALI activity, but that GATA1 only
binds as a transcription factor to the IL-6 gene
when the rs1800795 genotype is GG. This, in
turn, means that IL-6 gene production of
C-reactive protein is much greater for those
with the GG marker. Empirical findings show
a strong GXE interaction with greatly increased
mortality from inflammation-related causes of
death for the depressed who have the GG
marker on rs1800795 on the IL-6 gene, and
that this is mediated by C-reactive protein levels.

Recent discussions of the issues involved in
teasing out these epigenetic and gene expres-
sion pathways and mechanisms linking the
social environment to genes and physical
health outcomes provide a roadmap for in-
corporating epigenetic and expression data in
GxE work.*5~*7 However, further discussion of
these broad issues in the context of GDSE is
beyond the scope of this article. Careful re-
search is required to explore how far GDSE
pathways involve epigenetic or transcription
binding elements that link to altered gene
expression, and beyond that, to link to plausible
or evidence-based pathways whereby the so-
cial environment enters the body and gets
transmitted down to the molecular level.
Equally, there is a need for much research
that links the molecular biology upward to
health outcomes (largely still bodily, whether
physical or mental health) and eventually to
behavioral outcomes.

For the reasons just listed, some social
science studies, including the Fragile Families
and Child Wellbeing Study, are beginning to
collect more variable genetic markers such as
DNA methylation and (RNA) gene expression.
Interestingly, this effort will make measures of
genetic characteristics more similar to standard
social science and health measures that require
multiple time points and proper temporal
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ordering to appropriately analyze possible
causal pathways. More importantly, the idea
that the social environment may influence
these variable genetic markers provides a fun-
damental paradigm shift in understanding the
interplay of genes and the social environment.
To what extent the social environment can
influence more changes in variable genetic
traits may indicate how the social environment
not only gets under the skin but onto the genes.
This is a very exciting direction of GXE re-
search, and is one of our main purposes for
attempting to integrate genetics and the

social sciences to study health.

GDSE AND GENE-ENVIRONMENT
CORRELATION

Long-standing challenges for all social sci-
entists include (1) addressing how unobserved
variables may lead to biased estimates of true
environment effects through spurious rela-
tionships and selection on unobservable char-
acteristics, and (2) certifying that the outcomes
are not causing the environment (i.e., reverse
causation). GXE work is no different, although
in addition to concerns about environmental
exogeneity, there is also concern about the
possible role of genetic heritability in explain-
ing apparent GXE through gene—environment
correlation (rGE).2%*® There are 3 types of
rGEs: passive, evocative, and active. Passive
rGE exists when children receive genotypes
already correlated with their environments
from their parents, thus causing a spurious
relationship. Evocative rGE occurs when the
environment reacts to the child’s genetic
makeup; this is reverse causation. Active rGE
occurs when individuals, based on their genetic
makeup, select or modify their environment
to be more inline with their genes, resulting in
a selection on unobservable characteristics.
Understanding the extent to which rGE in-
fluences an apparent GXE goes directly to the
underlying mechanism of causation, resulting
in distinctly different recommendations for in-
terventions, policies, and treatments. Note
that all 3 types of rGEs predict a unidirectional
effect of genes and environment. The effect
may be positive or negative, but not both.

In other words, when we find that a more
sensitive child responds more negatively to
a harsh environment, we can easily explain

it as a rGE. In contrast, the GDSE model pro-
vides a more powerful tool for identifying true
GxE interactions because the previously de-
scribed arguments cannot easily explain how
the same child would then be more likely

to respond more positively to a favorable
environment and more negatively to an
unfavorable environment.

In our study of child externalizing behavior,
we found that a biological father’s exit from
the household (separation or divorce) was
associated with poorer outcomes among chil-
dren with more sensitive genes, whereas a bi-
ological father’s entrance into the household
was associated with better outcomes for chil-
dren with these same genes.®® If we had
focused exclusively on negative environments
and negative outcomes, an alternative expla-
nation of our findings would have been passive
rGE. Difficult parents create difficult environ-
ments and have difficult children.*® This ar-
gument, however, cannot explain why children
with the same genotypes experience a greater
improvement in outcomes if their biological
father moves into the household than children
with fewer sensitive genes. In short, although
passive rGE may easily explain 1 reaction, it is
more difficult to explain both reactions at the
same time. Similarly, there is some evidence
that temperamentally difficult children evoke
less paternal involvement and negatively in-
fluence parental relationship quality, which
may result in union dissolution.’® This suggests
evocative rGE, but this evidence also fails to
explain how children with the same previously
described genotype would encourage biologi-
cal parents to form a residential relationship.®
Depending on the design of the study, 1 or
more of the rGEs may be ruled out. In keeping
with the preceding example, we argue that
children—especially those in early childhood—
could not actively seek out an environment of
parental stability or instability. Other studies,
such as adoption studies, could exclude passive
rGE and may be used to help estimate the
extent to which evocative rGE is evident.*®
Further, having parental genes, or even mea-
sures expected to be associated with those
genes, can be useful in examining 1 or more
of types of rGEs. Controlling for both parent’s
DNA can statistically exclude all rGE.* How-
ever, doing so would reduce the analysis
sample, and thus the power, by eliminating
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all cases where both parents are homozygote
for the same allele (resulting in a linear com-
bination with the child). This is not unlike
sibling studies, where if both experience the
same event (i.e. Head Start or no Head Start),
the analysis sample is limited to siblings
experiencing different environments. The less
common the homozygosity in both alleles,
and the lower the assortative mating on that
genetic marker, the fewer the number of
excluded cases.

Another method for verifying a GXE is to
utilize an exogenous environment such as
a natural or laboratory experiment.*® In our
own research, we observed that mothers’ par-
enting differences associated with the recent
Great Recession were moderated by the do-
pamine receptor gene (DRD2) responsible for
coding a protein that ultimately aides in signal
transduction in the neurons, and is associated
with motivation, attention, and several mental
health outcomes.”” Mothers with the more
sensitive genetic marker exhibited more hash
parenting practices at the beginning of the
recession than mothers with the less sensitive
variant of the marker. Because genes are not
expected to affect macroeconomic changes,
and because the recession was so dramatic,
we are fairly confident that we observed a true
GxE. However, because the changes associated
with the Great Recession only went in 1
direction (negative for the majority of people),
the GDSE model could not be fully tested.
Another study, using experimental procedures
more common to psychology, found evidence
that toddlers with a sensitive dopamine re-
ceptor D4 gene (DRD4) genotype were more
affected by experimentally induced changes
in (positive) parenting than children without
the DRD4 variant.*® Much like most observa-
tional social science studies, well-designed
experimental or quasi experimental studies
provide an important additional test of GDSE,
although they are often less generalizable to
normal life.

GDSE AND PREVENTION

Formally testing for a GDSE would be
difficult within prevention research because
that would require both a positive and negative
treatment in addition to a control. However,

3 studies found a differential response to
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(positive) preventative treatments. The first
randomly assigned a small sample (<200) of
toddlers to a parenting intervention involving
video feedback. The purpose was to reduce
young children’s externalizing behavior. Chil-
dren with the DRD4 7-repeat polymorphism,
which is considered the sensitive variant, were
influenced by the parenting treatment, whereas
children with other DRD4 repeat variants
were not influenced.?! It was thought that the
children with the sensitive variant responded
more to their mother’s positive discipline (the
behavior which the intervention was targeting)
than the other children. The second interven-
tion that focused on changing child behavior
directly rather than indirectly through the
parent was implemented with preschool chil-
dren.?! Children were randomly assigned to
receive positive feedback or not during a liter-
acy program provided via computer. Here,
increases in literacy skills were seen in those
children with the DRD4 7-repeat who received
positive feedback but not in those without

the feedback.

In these examples, children with the more
sensitive DRD4 genetic variant were the ones
who benefited from the positive experiences
offered by the intervention. Another recent
prevention trial, which compared orphans in
foster care or institutional care in Romania,
found positive effects for children with the
sensitive variant of the 5-HTTLPR of the
serotonin transporter (the short allele), sug-
gesting that such effects are not limited to
the dopamine system.>? Clearly, more preven-
tion work looking at gene by treatment in-
teractions would be welcome. The emerging
work does suggest genetic differential sensitiv-
ity to positive environments, however, while
controlling via randomization for possible
rGE issues. Combining this with other, typically
negative, exogenous environmental interac-
tions discussed previously provides greater
support for the GDSE. From a public health
standpoint, the fact that individuals’ responses
to treatment may vary as a function of genetic
sensitivity suggests that the efficacy of certain
interventions is sometimes underestimated
because average effects may mask that some
groups show very large responses. It is also
likely that ways will be found to target in-
terventions by genes. Targeting by genes
may or may not be good public health policy.

Research on the benefits and costs of such
targeting will be useful in ascertaining its worth.

INTEGRATING GDSE RESEARCH AND
LIFE COURSE AND DEVELOPMENTAL
THEORIES

Social science theory can enrich the GDSE
model by highlighting the importance of con-
sidering life course and development frame-
works in examining human behavior. These
frameworks imply that GXE interactions may
not be constant across an individual’s life, may
vary as a function of the context in which
individuals operate, and may not be constant
over cohorts or historical periods. With the risk
of oversimplification, we argue that develop-
mental theory has as its primary focus the
interaction of person, process, and context,'*%2
as studied with regard to age and age-graded
transitions in processes and relationships.®
The life course theories focus on context as
well, but often with a broader sweep (cohort,
period, and historical contexts).>* Little GDSE
work has used this broader historical context,
and its full discussion is beyond the scope of
this article. However interested researchers
might begin with a broad description of the
paradigm and methods®® and an excellent
example with behavioral genetic research that
used cohort and periods effects to examine the
change in heritability of smoking.®® Specific
transitions that are fairly universal within
a particular society or time period are often the
focus (childbearing, mate selection, work, re-
tirement, school entry, and completion). Both
theories consider the (individual, societal, and
historical) timing of transitions and the adap-
tation to various transitions (and possible in-
fluences upon adaptation to later transitions
or turning points).%”>®

Developmental theories have focused more
on personal characteristics (for example, tem-
perament and behavioral regulation, as dis-
cussed previously) and on processes underly-
ing development (cognitive, biological, and
emotional changes). Contexts such as the family
(parents, siblings, larger family systems), the
peer group, and school and health settings are
most often considered within developmental
theory, whereas contexts such as the neigh-
borhood, the community, and society have
been the province of life course theories,
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although these distinctions are blurring

(i.e., developmental theorists have incorporated
larger contexts, and life course theorists have
incorporated more proximal contexts into
their work).

In general, individuals tend to increase
control over their environments as they age®®;
they are also more likely to actively seek out
environments that match their personal char-
acteristic and interests. Moreover, their position
within their society (education, income, neigh-
borhood residence) and the organization of
society are likely to impact how individuals cope
with environmental change.®®®" For all these
reasons, the impact of life events will depend on
the developmental stage, social context, and
historical period within which they occur.’*

Given that GDSE work has just begun, most
of these insights are not reflected in the existent
research. However, they provide a powerful
lens in understanding the interplay between
individual biological and psychological change
and the timing, duration, and sequencing of
environmental influences.®*%? Specifically,
the 2 perspectives guide researchers to con-
sider not only the age of the individual, but
the timing, stability, sequencing, and accumu-
lation of environmental events under study.®*

In addition, experiences at certain ages may
have larger or more lasting effects than similar
experiences at other ages. Biological systems
may also be especially open to environmental
inputs at certain time points (such as the pre-
natal and the infancy-toddler periods). Finally,
environments are expected to be more exoge-
nous in the first years of life than later (given
opportunities for choice) so that GxE interac-
tions seen earlier are more likely to be a true
interaction rather than a correlation. In our
own research, we found that changes in family
structure during early childhood (aged < 3 years)
showed stronger GxE interactions than changes
in middle childhood (aged 5-9 years).>® Al-
though these age-linked differences were not
always statistically significant in our analyses, they
were large enough to suggest that more attention
should be paid to the role of age of occurrence
and timing of events in examining GDSE.

Not only are there individual differences in
the adaptation to environmental events, but
adaptation to an event often occurs, suggesting
that longitudinal follow-up is critical. Perhaps
the GDSE model will yield even more powerful
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findings when considering which individuals
recover from a negative event or series of
events, not just which individuals are affected
in the short term. At the same time, effects of
earlier events may fade with time, because the
individual is influenced by what is happening
(given GDSE theory that certain individuals are
more sensitive to their current environment).%?
Specifically, more recent events may yield
larger GXE interactions than earlier events
for individuals with the most sensitive geno-
types.>® This finding is consistent with the idea
that if people are truly more sensitive to their
environments, recent events should be more
predictive of current outcomes than earlier
events. These 2 insights—the importance of
timing and the importance of recency—highlight
an important tension; namely, although early
life course events may be more important than
later events for human development in general,
for some groups, more recent events may show
larger effects. Little GDSE research has provided
longitudinal research to address this tension.

GDSE research also needs to consider the
sequencing of events. For instance, although
not connected to GDSE work yet, other work
in the Fragile Families and Child Wellbeing
Study finds that having a child before marriage
—even among those who eventually marry—
has important consequences for family forma-
tion and child wellbeing.®® In addition, the
accumulation of events, specifically the number
of partner transitions that a mother experiences
in the child’s first 5 years of life, is associated
with lower child wellbeing.®® Even if each
environmental event has a small influence on
outcomes, research suggests that the cumula-
tive effect of many events over time may have
a large effect. Some of the first GXE work
utilized measures of childhood stress that in-
cluded counts of several harsh events. How-
ever, 1 difficulty of these measures is consis-
tently defining what events matter, how many
times they can be counted, and over what
period of time they are counted.*®

Finally, the life course development
framework pushes researchers to consider
the implications of a changing versus a stable
environment. Although a consistently poor
environment is most likely worse than a con-
sistently nurturing environment, it is less clear
where a highly volatile environment ranks.
Previous research suggests individuals may

actually do worse in volatile environments,
where access to resources are less certain.’®
In our own work, we found that change itself
appears to have a negative effect on outcomes.
For example, although poorer neighborhoods
are unfavorable for many child outcomes,
experiencing decreasing poverty in initially
high poverty neighborhoods does not always
result in more favorable outcomes.®” This may
help explain some of the asymmetry in our
GDSE work. Although having a father move
into the home (presumably a favorable change)
is associated with positive outcomes, the effect
is not as large as the decrease if the father
moves out (a typically unfavorable change).
The smaller positive effect may be a result of
the net effect of the favorable move in and the
unfavorable effect of a major disruption,
whereas the stronger negative effect is the net
effect of the unfavorable exit of the father and
the unfavorable effect of any change.

At the time of this writing, GDSE research
has not explicitly tested the life course de-
velopmental framework because most of the
research is cross sectional. However, to be
fair, it is also clear that many GDSE researchers
have relied on the developmental and life
course theories to narrow the possible time
periods in which to look for GDSE. One reason
for the lack of integration of developmental
or life course frameworks into GDSE is because
incorporating multiple waves of longitudinal
experiences is a more difficult test for re-
searchers who have been more focused on
demonstrating the existence of GDSE.

CONCLUSIONS

We argue that the use of the GDSE model
provides both opportunities and challenges
for researches who hope to use this approach
to study health. The GDSE model pushes
researchers to consider the theoretical and
substantive meaning of both favorable and
unfavorable environmental influences. GDSE
affords important tools for addressing tradi-
tional concerns about rGE. Issues of endoge-
neity and measurement error are still impor-
tant, but can be dealt with using methods
familiar to many health researchers. It may also
provide novel insights when considering timing
of an environmental influence, which can
lead to more robust measures of GXE effects.
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In reality, the GDSE model suggests that in-
tegration of genetic and social science data may
not be as impossible as it sometimes appears.
Biologists and social scientists will still need to
collaborate for this area to progress, but hope-
fully, the previous discussion provides greater
evidence that these collaborations could be
incredibly fruitful.

For GDSE to become a more central
framework some important questions need to
be addressed. First, how pervasive is this
sensitivity? Does it apply to all environmental
influences or is it just limited to certain types of
influences? Second, does this biological sensi-
tivity simply heighten sensitive periods or is it
a long-term sensitivity? How accurately can we
measure GDSE? Is GDSE a broad neurologic
issue, or is it system (e.g., dopaminergic, sero-
tonergic) specific? Also, can we find (or create)
equally favorable environmental measures to
contrast with our measures of unfavorable
environments? Once GDSE is better under-
stood, researchers could more easily integrate
these measures into their studies without ex-
tensive training. Essentially, we are in scale
formation stage, and we may soon learn to
what extent there are multiple scales, how they
should be weighted, how reliable they are, and
when they can be best applied.

The purpose of this article has been to
demonstrate the use of one type of GXE model,
both its drawbacks, strengths, and possible
future integration in social science research on
health. More specifically, we have utilized the
Fragile Families data, which focused on child
development, and women in child-bearing
years. The GDSE framework, however, should
not be thought of just related to these ages,
but could be examined across the entire life
course. Further, although we have emphasized
the family environment as our measure of the
social environment, there are many other
types of environments, such as schools, neigh-
borhoods, cities, regions, and other macro
environments."* In addition, although GDSE
(and more broadly GXE) work is broadly in-
ternational, little work has been done in coun-
tries that are not members of Organisation
for Economic Co-operation and Development
(e.g., most countries located in Latin America,
Africa, and Asia). As this research begins,
attention will need to be paid to population
stratification because the distribution of gene
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variants differs by ancestry populations;
however, methods for addressing population
stratification are well known in the genetic
literature.®® Nevertheless, in addition to the
important genetic differences that may exist in
these areas, there are important cultural, social,
and health differences that could help tease
out environmental specificities and mecha-
nisms. That is, because of the unique cultural
situations, norms and values may influence
what is considered a favorable environment in
some places yet may be considered unfavorable
in others, with the obvious exceptions of severe
environments such as abuse, extreme poverty,
war, or forced migration. In sum, the growing
interest in GXE models and epigenetics has the
potential not only to bridge the gap between the
social and biological sciences but also to reach
across cultures and geographical boundaries. B
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