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Genetic and molecular epidemiology covers a vast area of
research. Given the rapid changes in this field, discussing a
research agenda is a precarious and ambitious task. A
representative set of high-priority concepts will be presented
here, each of which alone could be the topic of a long series of
essays. The wish list includes issues of full transparency and
integration of information, dealing efficiently with complex
multidimensional biology, juxtaposing the genome and
environmental exposures, and using robust randomised trials to
advance our knowledge and its application in this field.
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G
enetic and molecular epidemiology, the
investigation of genetic and molecular
determinants of health and disease, has

rapidly evolved into a highly prolific field. Its
growth has been kindled by the decoding of the
human genome and major advances in molecular
biology and measurement platforms.
Technological progress has continued to spark
enthusiasm about future prospects.1–3 However,
real advances have been held back by a poor
replication record, errors and biases, and ineffi-
cient translation to date of postulated discoveries
for the improvement of individual and population
health. Here, I will highlight four areas that may
deserve more attention in the research agenda
(table 1).

FULL TRANSPARENCY AND INTEGRATION
OF INFORMATION
A major challenge for genetic and molecular
epidemiology is the transparent and comprehensive
availability of information. Current databases are
increasing exponentially in volume. Selective avail-
ability of information and fragmented, selective
publication of statistically significant results may
be responsible for the poor replication of many
research findings to date.4 There are already major
initiatives for comprehensive public availability of
data for microarrays research (eg, Gene Expression
Omnibus, Stanford Microarray Database) and for
genome-wide association studies (eg, dbGaP and
Wellcome Trust).5–9 These efforts should be expanded
and become more standardised, so as to allow the
information to be used by all teams working on
specific molecular epidemiology topics.10 A careful
balance must be struck between public sharing,
investigator proprietary rights, and patient/partici-
pant confidentiality issues.

More consortia of investigators working on
diverse diseases need to be created to facilitate
the standardisation and harmonisation of pheno-
type definitions and laboratory, genotyping and

statistical/bioinformatics methods.11 Full standar-
disation across many teams may often be unfea-
sible. It would be difficult to revisit and modify the
large amount of information that has already been
collected, while for prospectively collected infor-
mation consensus is lacking concerning the main
definitions of disease outcomes, risk factors, and
other measurements. However, it should always be
possible to reach consensus on some minimum
harmonisation of definitions using some common
denominators. Some consensus on gold standards is
also needed, even for statistical analysis methods.

Moreover, keeping track of the big picture is
difficult given the very rapid pace of research in this
field. The integration of evidence into regularly
updated field synopses12 should experiment with
different flexible formats that would enhance inclu-
siveness, quality control and protection from bias.

DEALING WITH COMPLEX
MULTIDIMENSIONAL BIOLOGY
The phenomena studied by genetic and molecular
epidemiology are likely to be highly multifactorial
and involve complex effects of many biological
factors. However, the pursuit of complex models
and interactions has been hampered by small
sample sizes and inadequate study design in many
molecular applications. Few claims for interaction
effects have been rigorously validated so far.13 In
some fields focusing on multidimensional biology,
for example gene expression profiling or proteo-
mics, replication and validation of complex mole-
cular signatures and multivariate molecular
patterns has often been incomplete and has led
to the propagation of potentially spurious claims.14–

16

Dealing with one biological risk factor at a time
is unlikely to get us very far. Epidemiology,
bioinformatics and systems biology can learn from
each other, and contact and collaboration between
investigators in these disciplines should be facili-
tated.17 Information on genes, gene variants, gene
expression and modification, proteins, and signal-
ling and metabolic pathways can be integrated
across many levels. One also needs to improve the
robustness of approaches that reduce the dimen-
sionality of the data for problems where very many
variables are available for testing. We need to
explore approaches based on gene ontology, func-
tion and other classifications derived from biolo-
gical information. Pathways and complex genic
approaches will create further challenges for the
replication process. Efficient designs need to be
developed and mastered for the replication of such
complex patterns. Success is not to be taken for
granted. These designs should also accommodate
and test the exchangeability of biological variables,
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that is, whether different sets of biological variables may
achieve the same effects in different settings.18

JUXTAPOSING THE GENOME AND THE
‘‘EXPOSUROME’’
Most genetic and molecular epidemiology studies collect little
or no information on environmental exposures and few
manage to address even simple analyses where both genetic
variables and environmental exposures are considered.19 It
makes sense (but we have few well validated examples) that
disease risk is shaped by the interplay of both genetic and
environmental factors. Genetic and molecular studies should
aim to incorporate more measurements on non-genetic
exposures. The misclassification error of these measurements
should be carefully reduced to levels that are comparable with
those of current genomic measurements. Large-scale studies
should foster the development of a body of information on the
‘‘exposurome’’ of human experience, the totality of non-genetic
exposures of individuals and populations. It will be difficult to
reach the level of sophistication already achieved for measuring
genomic variability. However, uneven focus between genetics
and environment may also hinder our understanding of genetic
factors and will likely perpetuate misconceptions and spurious
research claims about environmental exposures. Enhancement
of information on the exposurome and intermediate pheno-
types may also facilitate use of the principle of mendelian
randomisation20 to disentangle true effects from confounding
and identify important modifiable risk factors.

RANDOMISE!
Even though we cannot randomise individuals to genomic
patterns, randomised trials have an important place in
enhancing genetic and molecular epidemiology efforts.

First, novel discoveries and technologies of the -omics era
need to be tested in randomised trials before introduction into
clinical and public health use. Discoveries pertaining to
diagnosis and disease prediction should show convincing
evidence that they can improve outcomes in target populations.
These trials may have to wait until we have biomarkers offering
incremental advantages over routine diagnostic and predictive
tools.21 22 Study design and selection of outcomes requires
imaginative thinking, and may have to encompass hard
outcomes, quality of life, utilisation of medical treatment
and services and cost. Contrasts need to offer control groups
the opportunity to obtain the full benefits of standard

(non-molecular) diagnostic or predictive procedures and
information.

Randomised trials may have a particularly important role in
pharmacogenomic research, where appropriate randomised
designs can maximise power and efficiency.23 This may
eventually facilitate individualised treatment choices.

We should also seriously consider the introduction of
randomised trials nested into large biobanks. Biobanks
represent the new generation of cohorts. Nested randomised
trials would benefit from routinely using the data machinery of
biobanks with linkage to existing registries for death and other
hard outcomes (eg, cancer, coronary artery disease, end-stage
renal failure) and practically ‘‘unlimited’’ follow-up. Tested
interventions may pertain both to lifestyle changes and medical
drugs or technology. Traditional long-term trials outside
biobanks have become prohibitively expensive and difficult to
conduct. With appropriate collection and storage of biological
samples, markers can be measured on these samples. This could
include markers currently unknown which may be identified
and routinely measured in the future. This information may be
used to identify treatment–effect modifications based on
genetic variants and genetic effects that manifest under specific
lifestyle exposures or other interventions.
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Table 1 Research areas which require strengthening

Full transparency and integration of information
Support for public databases
Standardisation and harmonisation of information
Generation of systematically updated field synopses

Dealing with complex multidimensional biology
Collaboration between epidemiology, bioinformatics, systems biology
Research on pathways, genic and other approaches that reduce
dimensionality
Development of replication designs for complex models
Evaluation of exchangeability of biological risk factors

Juxtaposing the genome and the ‘‘exposurome’’
Incorporation of ‘‘exposurome’’ measurements in large-scale genomic
projects
Understanding intermediate phenotypes
Use of mendelian randomisation to identify modifiable factors

Randomise!
Trials to prove the utility of new molecular technologies
Randomised trials in pharmacogenomics
Nested trials of lifestyle and other interventions in biobanks
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