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Linking Population to Clinical and Basic Sciences
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ranslational research generally refers to the application of knowledge generated by ad-

vances in basic sciences research translated into new approaches for diagnosis, pre-

vention, and treatment of disease. This direction is called bench-to-bedside. Psychiatry

has similarly emphasized the basic sciences as the starting point of translational re-

search. This article introduces the term translational epidemiology for psychiatry research as a bi-
directional concept in which the knowledge generated from the bedside or the population can also
be translated to the benches of laboratory science. Epidemiologic studies are primarily observa-
tional but can generate representative samples, novel designs, and hypotheses that can be trans-
lated into more tractable experimental approaches in the clinical and basic sciences. This bedside-
to-bench concept has not been explicated in psychiatry, although there are an increasing number
of examples in the research literature. This article describes selected epidemiologic designs, pro-
viding examples and opportunities for translational research from community surveys and pro-
spective, birth cohort, and family-based designs. Rapid developments in informatics, emphases on
large sample collection for genetic and biomarker studies, and interest in personalized medicine—
which requires information on relative and absolute risk factors—make this topic timely. The ap-
proach described has implications for providing fresh metaphors to communicate complex issues
in interdisciplinary collaborations and for training in epidemiology and other sciences in psychiatry.
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Translational research generally refers to the
application of knowledge generated by ad-

gram. This emphasis is not just within the
United States: the British Medical Re-

vances in basic sciences research trans-
lated into new approaches for prevention,
diagnosis, and treatment of disease, fol-
lowed by the introduction of innovations
into clinical practice and health policy.! This
direction is called bench-to-bedside. Trans-
lational research has received increasing pri-
ority in recent years, by means of the Na-
tional Institutes of Health’s Road Map Plan,?
newly launched scientific journals (eg,
http://www.sciencetranslationalmedicine
.org), new career programs,’ and the Clini-
cal and Translational Science Award pro-

search Council in 2007 established 6 new
translational medicine centers, one of which
is devoted to translational epidemiology,
and translational research has served as a
centerpiece of the European Commission
health budget.!

Psychiatry has similarly emphasized the
basic sciences as the starting point of trans-
lational research. Wang et al,* in an ex-
plicitapplication of translation research to
psychiatry, applied the Institute of Medi-
cine’s recommendations for translational
research’ to schizophrenia and other psy-
chotic disorders. They describe the appli-
cation of 2 translational blocks. The first
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block, called T1, translates discoveries from
the basic sciences into new diagnostic and
preventive interventions, including early
identification of high-risk individuals and
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new methods for testing interventions. In the second
block, called T2, resulting clinical developments are re-
ceived in clinical practice in comparative effectiveness
studies, bridging the gap between diagnosis and actual
treatment, providing health education, and changing pre-
scribing practices. Within this bench-to-bedside frame-
work, Wang et al argue, clinical epidemiology has played
an important role in the design of clinical trials, preven-
tion, health education, and service delivery.

The purpose of this article is to expand the term trans-
lational epidemiology into psychiatric research as a bidi-
rectional concept in which the bedside, ie, the popula-
tion, can also be translated into the benches of laboratory
science. This approach uses epidemiologic designs and
findings to facilitate or to partner with basic science re-
search. We will apply this concept of translational epi-
demiology to psychiatry and demonstrate that the rep-
resentative samples, novel designs, and hypotheses offered
by epidemiology can be translated into more tractable ex-
perimental approaches in the clinical and basic sci-
ences.®” Because the validity, interpretation, and gener-
alizability of findings vary by design, we provide a brief
overview of core epidemiologic designs and provide il-
lustrations of translational applications with each de-
sign. The discussion of design is not intended as a sub-
stitute for an exhaustive review of epidemiologic design,
for which we direct the reader to one of many excellent
textbooks.®#'? We also do not intend to appropriate bed-
side-to-bench as a novel direction. There are a number
of classic examples in medicine, such as the epidemio-
logic observation of the relationship between smoking
and lung cancer, which led to animal studies demon-
strating the carcinogenic effect of nicotine and other ciga-
rette toxins."!

This approach does not contradict the literature on
bench-to-bedside translation; rather, it is complemen-
tary and iterative. The use of epidemiology in bedside-
to-bench translational research in psychiatry has not been
fully explicated, even though a number of studies ap-
pearing in the psychiatric literature have indirectly used
epidemiologic designs.’>" It is useful to make this idea
explicit because epidemiology can provide hypotheses,
designs, and samples for basic research, and the failure
to avail oneself of these resources can lead to lost oppor-
tunities. Furthermore, different epidemiologic designs an-
swer different questions, and inappropriate designs or in-
ferences, particularly generalization of findings across
designs, can confound results.

COMMUNITY SURVEYS

The goal of obtaining community-based epidemiologic
rates of psychiatric disorder in the United States has been
achieved during the past 30 years. The Epidemiologic
Catchment Area, launched in the 1980s with a probabil-
ity sample of 18 000 adults living in 5 cities in the United
States, was the first to use structured diagnostic assess-
ments and clinical diagnostic criteria.'* A series of epi-
demiologic studies in the United States, begun in the
1990s, included national samples.'” These studies were
followed by more focused surveys targeting African Ameri-
cans, Latinos, and Asians'®'® and a worldwide study (in

27 countries).'” The largest US epidemiologic survey ever
conducted, the National Epidemiological Survey on Al-
cohol and Related Conditions (NESARC), involved more
than 45 000 persons and added detailed assessments on
substance use.? Similar but less extensive efforts have
been undertaken on the epidemiology of child and ado-
lescent psychiatric disorders.?! Information from these
studies on rates and their variation by sex, age, racial and
ethnic groups, and geographic location, as well as age at
onset and comorbidity, have provided an empirical foun-
dation for much research.

There are at least 3 ways in which community sur-
veys can assist translational research': by direct incor-
poration of blood or saliva samples for collection of DNA
or, increasingly, for biomarkers such as cortisol or
C-reactive proteins*; by providing samples for future case-
control studies?; and by hypothesis generation.®> These
ways are explored in the following sections.

Genetic Studies

In terms of DNA sample collection, general population sur-
veys have been underused in the United States, and their
utility for the generation of large, ethnically varied samples
has been unrealized. These samples could be important
for use as cases or controls in genome-wide association
studies, which require DNA from large, well-charac-
terized samples. Currently, the National Institute of Men-
tal Health stores a valuable resource consisting of more
than 4000 control samples with DNA in a repository
(http://www.nimhgenetics.org).” These samples are popu-
lation representative but not population based, and diag-
noses were generated by Internet-based self-report screen-
ing instruments. Any of the community samples might have
provided a large, directly interviewed sample. Further-
more, African American study participants were particu-
larly difficult to recruit in the National Institute of Men-
tal Health sample and required a separate recruitment
strategy using Web-based advertisements.”? The African
Americans recruited in that study had an overrepresenta-
tion of educated participants relative to their representa-
tion in the general population. Recruitment for DNA
samples from the community samples of African Ameri-
cans'”'® might have included comprehensive assess-
ments, such as direct interviews and a more representa-
tive sample of African Americans.

Brief methods suitable for quickly collecting family his-
tory data in surveys have been developed and could be a
valuable resource for defining or refining pheno-
types.**® For cases, requiring family history in a first-
degree relative may make the phenotype more geneti-
cally robust and may minimize the likelihood of including
spurious cases. For controls, it could be used to weed out
study participants who may be asymptomatic at recruit-
ment but who still have high familial rates of the disor-
der and may not be appropriate controls in genetic stud-
ies. The use of community samples in genetic studies may
be increasing because some genetic studies are now in-
cluding blood or saliva sample collection in population-
based samples.?® The community samples for bio-
marker studies have potential for translational studies,
and applications are beginning to appear.*>*’
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The use of large community surveys for DNA or bio-
marker collections requires a number of ethical consid-
erations.” If the material is not collected at the time of the
survey and while covered by informed consent, the inves-
tigator may not be allowed to return to collect the mate-
rial. Participants must be notified at the time of the origi-
nal interview that they may be recontacted and have to give
permission. If the participant agrees to provide DNA or
other biomarkers, the potential uses of the sample, in-
cluding deposit in a repository for use by accredited in-
vestigators, must be part of the consent procedure. These
procedures are new and until recently have not been in-
corporated into surveys. There are also scientific consid-
erations. A community sample is not a sample of healthy
controls. As has been shown,? individuals with symp-
toms or disorders under study need to be segregated out
for association and other studies—or they will confound
the comparison. The specific disorders to allow among the
controls need to be carefully considered.*

Selection of Samples for Case-Control Studies

Community surveys can be used to select samples for fol-
low-up studies by identifying risk factors of interest. For
instance, a sample of adolescents identified from com-
munity survey as being at high risk for adversity (on the
basis of parental psychiatric history or other predefined
risk factors) were followed up to determine the relation-
ship between serotonin transporter gene promoter
(SHTTLPR) genotype, cortisol levels, and onset of ma-
jor depressive disorder.?! The authors found that carri-
ers of the short allele had higher levels of salivary corti-
sol and that the ss genotype and high cortisol levels
together increased the likelihood of a subsequent epi-
sode of depression. In another example, a Netherlands
population-based study (the Rotterdam Scan Study)>*%
of dementia-free individuals (aged 60-90 years) was used
to power one of the largest (n > 500) magnetic reso-
nance imaging case-control studies to date. The purpose
of that study was to examine the role of macrostructural
white matter changes in cognitive decline. The epidemio-
logic source population allowed the recruitment of par-
ticipants in the desired age range who were free of demen-
tia at the time but who had varying levels of cognition. By
scanning the subjects at baseline and then approximately
5 and 10 years later, the researchers were able to show that
adecrease in hippocampal volume predicted dementia, even
after controlling for baseline hippocampal volume and other
measures of executive function.’

Hypothesis Generation

There are numerous examples of hypotheses generated
from epidemiologic surveys that have informed basic re-
search. Using schizophrenia as a prototype example, a
number of animal and neuroscience studies have been
spawned by the epidemiologic observation of risk fac-
tors, such as maternal prenatal infection, prenatal fam-
ine, and parental age.”

Paternal age, in particular, has been one of the most
robustly observed risk factors in current epidemiology,
with a number of independent community and cohort

studies from different parts of the world (eg, Canada,
Greece, Israel, Sweden, the United Kingdom, and the
United States) showing advanced paternal age to in-
crease the risk for offspring schizophrenia and autism,**
as well as impaired neurocognition in infancy and child-
hood.?> Although precise mechanisms remain un-
known, these observations led to postulation of a ge-
netic model based on increased risk for de novo germline
mutations and methylation changes among men, com-
pared with the corresponding risk for women, as they
age.’® These observations have been translated to ani-
mal models: mice sired by aging males have now been
shown to display increased anxiety-related behaviors and
decreased learned helplessness, as well as thinner corti-
cal volumes at birth.>” At the human counterpart, a re-
cent family study reported that the risk for schizophre-
nia substantially increased among sister-pairs with
advancing paternal age,’® suggesting a mechanism pos-
sibly involving paternally expressed genes on the X chro-
mosome. This can now lead to a new round of animal
models and genetic studies.

PROSPECTIVE COHORT STUDIES

Prospective cohort studies (also referred to as longitudi-
nal studies) follow a defined population over time. Birth
cohort studies are typically prospective cohort studies, but
we discuss them separately because of their unique po-
tential contribution to translational work. Prospective co-
horts can examine developmental trajectories and risk fac-
tors that give rise to illness and early phenomenologic
predictors of later psychiatric outcomes. Prospective co-
hort studies involve initial selection of a cohort from the
population, which is then followed up over time to deter-
mine whether end points of interest (eg, incidence of a dis-
order or change in a particular score) vary across sub-
groups. Because the assessments are conducted
prospectively over time, these studies reduce biases stem-
ming from retrospective recall. The sequential assess-
ment allows for separation of risk factors (which must pre-
cede the outcome of interest) from other factors that may
be concurrent with or may arise from the disorder, thereby
improving the capacity to identify causal risk factors that
can then be tested in basic science studies.

The Dunedin Multidisciplinary Health and Develop-
ment Study® from New Zealand provides an excellent
illustration. In this study, a representative cohort of more
than 1000 children was recruited at age 3 years and fol-
lowed up approximately every 2 years until age 32, with
low attrition rates. The cohort was assessed on common
medical and psychiatric disorders, as well as childhood
environmental exposures related to parenting, maltreat-
ment, and early stresses. Because of the repeated assess-
ments, the investigators were able to follow both stress-
ors and health outcomes, including psychiatric symptoms
and disorders, as they emerged. Among the best-known
findings from this cohort is that a polymorphism within
the promoter region of the serotonin transporter
(SHTTLPR) moderated the effects of early life stress on
subsequent depression.* The longitudinal design and sys-
tematic assessment of stress enabled the investigators to
hone in on the interaction with the serotonin trans-
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porter. Intriguingly, smaller prospective studies that fol-
lowed have replicated the original findings with greater
fidelity than much larger cross-sectional studies. Al-
though a meta-analysis including many of these ex-
amples found no overall interaction effect,”* the meta-
analysis focused on genetic measures while not fully taking
into account variability in the epidemiologic designs. As
a result, prospective and retrospective studies were
grouped together in the analysis, along with varying mea-
sures of stress.

Regardless of the meta-analysis, the original findings
from the Dunedin study were based on observational epi-
demiology and required translation in the laboratory. Stud-
ies that followed have targeted biological pathways un-
derlying the serotonin transporter polymorphism by stress,
as well as other gene X environmental interactive ef-
fects.*> For example, rhesus monkeys subjected to del-
eterious early maternal rearing were shown to have dif-
ferent cerebrospinal fluid concentrations of serotonergic
metabolites that were moderated by SHTTLPR geno-
type.* At the human level, imaging genetics has teth-
ered neural circuitry to the genetic study of the seroto-
nin transporter. Reports of direct effects of SHTTLPR
genotype on amygdala activation*** and negative emo-
tionality* were followed by studies showing that the geno-
type moderated cortical connectivity (between the amyg-
dala and the executive cortex),* suggesting a model by
which gene variation can influence behavioral regula-
tion and ultimately psychiatric outcomes.

Similar translational approaches have been applied to
study the gateway hypothesis of substance use. Epide-
miologic studies had noted a sequence of illicit drug use
beginning with experimentation with alcohol and to-
bacco in adolescence and progressing to heroin and/or
cocaine abuse.** A 30-year prospective population study
showed that the teenage rather than adult initiation of
marijuana was the “gateway” (ie, predictor) of more dan-
gerous or addictive drugs.” The epidemiologic findings
on the timing of initiation of marijuana use are now being
translated into numerous laboratory studies. Exposure
to cannabis in adolescence has been found to have an en-
during effect on hedonic processing in the rat and a cor-
responding enduring increase in opiate intake.” The au-
thors speculate that this may be mediated by means of
alterations in opioid neurons in limbic regions. The gate-
way hypothesis is now also being tested at the molecu-
lar level®® using a mouse model of long-term memory that
is based on evidence that chronic exposure to nicotine
enhances long-term potentiation selectively in the amyg-
dala but not in other regions.”® These investigators have
capitalized on gene-chip analysis to examine messenger
RNA in the striatum and to examine signal transduction
pathways that could mediate the way that early expo-
sure to nicotine might prime the mouse to subsequent
cocaine use.

Birth Cohort Studies

Birth cohort studies are a subset of prospective cohort stud-
ies and have only recently come to be fully appreciated in
psychiatry. A birth cohort is a population of individuals
born in a defined time and place but studied first in utero

or at the time of birth.® The goal is to examine whether
risk factors from birth and/or during pregnancy predict
the occurrence of later disease outcomes. Birth cohort stud-
ies can be either prospective or retrospective. In a pro-
spective birth cohort study, participants are ascertained
from the time of birth or during pregnancy. Exposure and
demographic data are obtained during this period and of-
ten at later times as well. In certain studies, biological speci-
mens (eg, biomarkers of infections and immune activa-
tion, including cytokines) can be collected for concurrent
analysis of risk exposures. These specimens may be stored
for later assays. The individuals are then followed up at
various points in the life course for outcomes of interest.
In a retrospective design, information on the exposures,
the outcomes, or both, are obtained either on the basis of
previously collected data that were not obtained specifi-
cally for the intention of a risk factor study or by anam-
nestic report. The following discussion focuses on pro-
spective birth cohort studies.

Birth cohort studies offer the potential to prospec-
tively identify risk factors of interest from as early as con-
ception (if based on recruitment of women before they
become pregnant) until onset of the outcome. Unique
questions in developmental biology, such as the effects
of exposures during critical periods of development on
outcomes from as early as infancy to as late as death, and
the elaboration of developmental trajectories can be ad-
dressed.’* Such studies feature a population in which the
circumstances of time and place of birth are constrained
but offer the additional advantage that the initial selec-
tion of subjects is not predicated on characteristics of the
offspring that are identified after birth. If the recruit-
ment strategy is based on a population, which is the case
in most birth cohort studies, such cohorts are represen-
tative of the source population from which they were de-
rived, thereby increasing generalizability and mitigat-
ing the effects of ascertainment bias.

Some of the most prolific birth cohort studies in-
clude the Medical Research Council National Survey of
Health and Development (also known as the British 1946
birth cohort),” the Northern Finland Birth Cohort Study,”
the Copenhagen Perinatal Cohort,” the California Child
Health and Development Study,”® and the National Col-
laborative Perinatal Project.”® Several new initiatives have
been launched toward improving on the limitations of
earlier birth cohort studies, including data collection for
molecular genetic studies and of other biological mea-
sures in offspring and parents. These include the Mother
and Child Cohort Study in Norway,” the Danish Na-
tional Birth Cohort,* and the National Children’s Study®
in the United States. The Finnish Prenatal Studies (FIPS)
is the most recent of the birth cohort studies to be initi-
ated with respect to follow-up for psychiatric disorders.
The advantage of many birth cohort studies outside the
United States is the ability to follow up patients and their
offspring over time through medical record linkage or
repositories and to follow outcomes related to prenatal
exposures or other early life antecedents through long-
term critical periods of brain development.

One important finding to emerge from birth cohort
studies of psychiatric disorders is the demonstration that
in utero exposure to infectious microbes and excessive
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activation of the immune response are associated with
an increased risk of schizophrenia.®*% Studies that were
derived from the Child Health and Development Study
and National Collaborative Perinatal Project cohorts have
yielded some of the more prominent findings in this area
of work, in that biomarkers of infection in prospectively
collected archived maternal serum samples were tested
for these exposures by assay for specific antibodies. As
reviewed by Patterson,® this work provided a major im-
petus for translational research on animal models of
schizophrenia that involved maternal immune activa-
tion of pregnant rodents and experimental paradigms con-
ducted on offspring. These studies have demonstrated that
maternal immune activation results in behavioral and
brain phenotypes in animals that resemble those ob-
served in neuroimaging and postmortem studies of pa-
tients with schizophrenia.®®®” In one type of maternal im-
mune activation model, pregnant rodents are administered
polyinosinic:polycytidylic acid, which stimulates the se-
cretion of proinflammatory cytokines. Rodent offspring
of dams exposed to maternal immune activation during
pregnancy evidence behavioral abnormalities analo-
gous to those observed in schizophrenia, including ex-
cessive responses to dopaminergic and glutamatergic
stimulation, social and working memory deficits, and elec-
trophysiologic abnormalities, including disturbances of
prepulse inhibition. Extensive translational work sug-
gests that interleukin 6, a cytokine, plays a significant role
in these deficits.®

FAMILY STUDIES

In a family study, well-characterized probands (index
cases) and matched controls are identified. Usually, the
biological first-degree relatives are also assessed, either
directly or by history from relatives. For greatest valid-
ity, assessors of family members should be blind to the
clinical status of the index case or controls. For relatives
who refuse to participate or are unreachable, family his-
tory from multiple relatives, which can then be inte-
grated to derive a consensus diagnosis, can approxi-
mate a direct interview.%

Family studies were popular in psychiatry in the 1980s
and 1990s but became less so in the past decade as at-
tention turned to direct molecular genetic studies.”®"* In-
creasing evidence demonstrating high familial loading and
specificity of diagnosis for schizophrenia, depression, al-
coholism, and anxiety disorders® has now provided an
empirical basis for use of family designs in genetic and
imaging studies.” Information on transmission, comor-
bidity spectrum, subgroups (eg, early-onset recurrent de-
pressions as a possible subtype™), and early risk factors
of later disease (eg, prepubertal anxiety predicting later
depression™) can also be gleaned from family designs.

High-Risk Designs

High-risk studies (ie, studies identifying offspring at in-
creased risk for a disorder, usually by virtue of the pres-
ence of the same disorder in one or more parents) allow
follow-up to begin in the high-risk offspring before the
onset of symptoms and therefore identify risk factors that

are premorbid to, rather than concomitant with, the dis-
order or a particular manifestation of it.”*”” High-risk de-
signs can reduce the sample size necessary to yield suf-
ficient incidence rates for meaningful analysis and are
particularly apt for rare disorders. Because they are popu-
lated with non-ill but at-risk individuals, the high-risk
design is well-suited for discovering endophenotypes (ie,
heritable phenotypes associated with the diseases but that
can be measured independently of the disease state).

High-risk designs have been extensively used in stud-
ies of depression, anxiety, and schizophrenia. The Ed-
inburgh High Risk Study is an excellent such example.
The study initially recruited non-ill individuals who had
a family history of schizophrenia (to ensure a robust phe-
notype, they required the proband to have =2 relatives
with the full disorder) who were then followed up over
time, comparing those who remained symptom-free with
those who developed symptoms. With the progressive
incorporation of measures of brain structure, function,
and cognition, a number of provocative reports attrib-
uting structural and functional brain differences to the
onset of the disorder have emerged,’®*® and addition of
genetic markers has further revealed gene X circuitry in-
teractions (eg, D-amino acid oxidase activator gene mod-
erating hippocampal function in subjects at high risk for
schizophrenia®).

Another example is a 3-generation cohort at high and
low risk for depression.®® This cohort includes pro-
bands with or without a lifetime history of major depres-
sion and their biological children and later grandchil-
dren, who were characterized and followed up blindly
for 20 years. Some of the major findings of the study were
that depression was transmitted across the generations,
that there was a similarity of the age-at-onset pattern across
generations—with anxiety disorders beginning before pu-
berty and mood disorders emerging at puberty, espe-
cially in girls, and that high-risk individuals were begin-
ning to report an increase in cardiovascular disorders as
they entered their sixth decade of life.** Subjects from fami-
lies with 2 generations previously affected were at great-
est risk.® At the 20-year follow-up, magnetic resonance
imaging measures were added to examine whether ab-
normalities in brain structure or function contributed to
the familial transmission of depression. A robust asso-
ciation of familial risk for major depressive disorder with
asymmetries in cortical thickness, including a 30% re-
duction in thickness observed in the lateral parietal, tem-
poral, and frontal cortices of the right hemisphere of the
high-risk group, was found.®** These magnetic reso-
nance imaging findings were consistent with earlier elec-
troencephalographic results that also demonstrated re-
duced activity over the posterior cortices of the right
cerebral hemisphere.®#® Both the magnetic resonance
imaging and electroencephalographic findings were pres-
ent in high-risk individuals who never had major de-
pressive disorder in their lifetimes, suggesting that these
abnormalities could not be simply a consequence of pre-
viously having been depressed or treated for depres-
sion. Thinning of the cortical mantle and reduced elec-
trophysiologic activity in the right hemisphere may
constitute related endophenotypes for familial vulner-
ability to developing major depressive disorder.
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The take-home message is that, in each of the ex-
amples just mentioned, these observations would not have
been detectable without the use of the family high-risk
design that permitted the identification of individuals who
were not ill initially but at high risk for the outcomes being
studied. Conversely, only neuroscience methods are
equipped to directly target underlying brain circuits and
to address the neurobiological pathways by which ge-
netic abnormalities lead to psychiatric phenotypes.®”

Twin Designs

Disorders that are highly familial are likely genetic, but
nongenetic risks can also run in families. Twin studies
allow partitioning of genetic and environmental vari-
ances. The Virginia Twin Study of Adolescent Behav-
ioral Development,*° a large longitudinally followed epi-
demiologic cohort, has been instrumental in partitioning
the unique and shared genetic and environmental influ-
ences not only for major psychiatric disorders but also
for personality and behavioral traits. A number of stud-
ies have tethered the twin design to molecular and imaging
studies. In a landmark 1990 study,”* 15 sets of monozy-
gotic twins, in which one twin had schizophrenia but the
other did not, were imaged. Differences in cerebrospi-
nal fluid, smaller hippocampal volume, and larger ven-
tricular volume were found among affected twins com-
pared with those of unaffected twins. Further follow-up
revealed that the hippocampal differences were related
to differences in verbal memory that differentiated the
case from the noncase twin.”> More recent studies have
used the discordant twin design to report schizophrenia-
attributable differences in dopamine D1 receptor bind-
ing,” working memory,”* verbal recall and recogni-
tion,” and electroencephalographic alpha synchrony.*

CONCLUSIONS

We have provided examples of how results from vari-
ous epidemiologic designs can be translated into a wide
range of bench science, including molecular genetics, neu-
roimaging, electrophysiology, neurocognition, and ani-
mal models. These examples have used epidemiologic
findings to draw hypotheses (eg, mouse models to test
the gateway hypothesis of substance use) and, in some
cases (eg, the Netherlands scan study), have directly used
the epidemiologic source populations. Many more such
opportunities exist and should be leveraged.
Translational epidemiology, as discussed herein, comes
at an opportune time. First, recent findings from the ge-
nome-wide association studies of complex psychiatric dis-
orders have found only small percentages of variance to
be accounted for by individual genes, underscoring the need
to search for additional environmental factors and their
interactions with the underlying genetic architecture.””*
Epidemiologic studies can identify environmental risks that
take into account broadly defined exposures in represen-
tative populations (eg, paternal age and malnutrition dur-
ing gestation for schizophrenia). Recent advances have led
to much interest in using genetics and other biomarkers
for personalized medicine. However, predicting indi-
vidual response to treatment requires detailed epidemio-

logic information on known risk markers in the indi-
vidual, as well as relative and absolute disease rates in the
population.'®1? Finally, the introduction of computer-
ized medical records in the United States, coupled with
rapid developments in informatics, could open a wealth
of epidemiologic data on variations in patient risk, thera-
peutic response, and emerging disease. Epidemiologic data
from such national registries—already well established in
several countries outside the United States—can provide
powerful data on environmental risks and on long-term
patient outcomes. Protections for privacy of medical in-
formation, the lack of centralized and coordinated health
care, the use of fully informed consent regarding future
follow-up, and intended future use of acquired samples
need to be addressed.

Each of the epidemiologic designs reviewed also has
limitations, which are well described in standard epide-
miologic textbooks. Some potential pitfalls include at-
trition, confounding, and geographic dispersion, which
can complicate the acquisition of biomarkers. In studies
spanning long periods, changes in technology, diagnos-
tic classifications, and even society (eg, changes in smok-
ing) can contribute to methodological problems. More-
over, different designs answer different questions, and
generalization of results between designs may not be pos-
sible. Therefore, an understanding of the advantages and
limitations of each design is important.

We recommend shifts in training approaches to fa-
cilitate the translational research described. Epidemio-
logic training in psychiatry, which has heavily empha-
sized environmental risks and the social sciences, might
include training in the methods of clinical and basic neu-
roscience and molecular genetics. Training in novel meth-
ods for determining modifiable exposures, such as men-
delian randomization, will offer new opportunities for
using observational studies to examine causal effects of
modifiable risk factors by measuring genetic variants of
known functional effects.'®*!%* Likewise, graduate stu-
dents in the neurosciences and genetics should receive
exposure to epidemiologic concepts and resources to help
avoid design errors and to capitalize on available samples.
Psychiatry could benefit in this regard from trends that
are increasing in other biomedical disciplines.'®” For ex-
ample, the University of Rochester has developed a new
PhD training program that incorporates clinical sci-
ence, public health, and basic biomedical research and
is aimed to connect basic and social scientists (http:
//www.urmc.rochester.edu/ctsi/links). In another ex-
ample, the Howard Hughes Medical Institute in 2006 ini-
tiated a new PhD program in translational medicine (http:
//www.hhmi.org/grants/institutions/medintograd
html). These approaches are not limited to training
endeavors but can readily be incorporated into ongoing
research. Reciprocal exposures by trainees in epidemi-
ology and those in the neurosciences can begin to offer
the potential for a plethora of creative and novel re-
search and a generation of fresh metaphors to commu-
nicate complex issues that will benefit the neurosci-
ences, epidemiology, and psychiatry.
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