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Molecular epidemiology is moving from an era of
single marker studies to omics-driven population-
based studies, made possible by recent rapid tech-
nological advances in high-throughput laboratory
assays. The use of these assays in large, observatio-
nal, epidemiologic studies poses major methodo-
logical challenges. The traditional, reductionist
approach that most epidemiologists have been
taught is no longer sufficient with the introduction of
omics data into epidemiology. However, basic epi-
demiological principles, such as confounding, must
still be addressed. In order to successfully imple-
ment these tools into molecular epidemiology, sci-
entists in the required disciplines must be able to
effectively communicate. We propose an interdisci-
plinary, three-level, problem-based approach to
training in molecular epidemiology. This approach
requires interdisciplinary teaching teams that
appeal to students coming from diverse back-
grounds. First, concepts from each field necessary

for molecular epidemiology must be addressed at a
basic level, with a specific focus on biological, epi-
demiological, and statistical concepts. Second,
state-of the art methods applied in molecular epide-
miology should be covered (e.g., omics technolo-
gies, smart study designs, statistical modeling, and
biological interpretation). Third, the application of
omics technologies in population studies calls for
awareness of issues related to biobanking, ethics,
legislation, and public health. Problem-based learn-
ing is a useful tool for teaching when students need
to apply complex concepts to complex situations as
is the case in molecular epidemiology. Using this
approach, students from diverse backgrounds work
together to analyze problems, discuss, and
exchange knowledge in modern molecular epide-
miology. Training tools characterized by this
approach will shape the molecular epidemiologists
of the future. Environ. Mol. Mutagen. 54:611-615,
2013. VC 2013 Wiley Periodicals, Inc.
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BACKGROUND

Molecular epidemiology of chronic diseases is an innova-

tive field of research in which molecular and biochemical

concepts and techniques are incorporated into epidemiologic

studies. Molecular epidemiology is moving from an era of

single marker studies to omics driven population-based stud-

ies [Gerszten and Wang, 2008; Haring and Wallaschofski,

2012]. This is made possible by recent rapid technological

advances in high-throughput laboratory assays that measure

biomarkers in biological samples. Biomarker profiles may

range from a limited number of targeted markers to a whole

metabolome, and may include the measurement of (epi)ge-

netic variation, gene expression, proteins, small molecules,

and functional assays. Apart from genome-wide-association

studies (GWAS), high-throughput laboratory assays have so

far been used mostly in small-scale experimental studies.

Their use in large, observational, epidemiologic studies is

now rapidly increasing and poses major challenges to the

scientific community [Thomas, 2005; Ioannidis, 2010].
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First of all, epidemiology has been proven valuable to

identify associations between exposure and disease, in

particular, because it enables us to study long-term

effects of “normal”’ variation in exposure in popula-

tions. Omics-type studies have so far paid little attention

to environmental and lifestyle exposures. Although

GWAS identified hundreds of genetic variants associated

with diseases and genetic traits, most variability in

human diseases is still not explained [Manolio, 2009],

and exposure data are just beginning to become part of

these studies [Aschard et al., 2012]. Novel concepts such

as the “exposome,” characterizing the totality of envi-

ronmental exposures using omics technology, are cur-

rently being developed and incorporated in molecular

epidemiology [Wild, 2012]. Other concepts, such as the

meeting-in-the-middle approach, using omics to identify

biomarkers linked to both exposure and outcome are

important in getting the exposure data back into omics-

based epidemiological studies [Chadeau-Hyam et al.,

2011]

Second, the traditional, reductionist, strongly

hypothesis-driven approach that most epidemiologists

are still being taught is failing with the introduction of

large-scale omics measurements in population studies

[Loscalzo, 2011]. Traditional epidemiology typically

considers a limited number of exposures and outcomes,

and makes no attempt to reveal the complex biological

mechanisms that underlie these associations. Molecular

epidemiology is developing novel methods, for exam-

ple based on network theory [Barabasi et al., 2011] to

adequately address these developments. We are mov-

ing from “black-box epidemiology” to “systems epi-

demiology” [Hu, 2011].

Third, while omics-based epidemiological studies may

require new approaches, basic epidemiological principles

such as confounding, interaction, selection of the popula-

tion, and measurement error are still extremely important

[Rundle et al., 2012]. Bias is just as likely to occur in

molecular epidemiology studies as in traditional epidemi-

ology studies, but it is often not addressed adequately in

current studies incorporating omics measurements [Run-

dle et al., 2012].

Because the development of omics has so far been

largely technology-driven and stems from laboratory

research, epidemiologists have been insufficiently

involved in studies incorporating omics measurements.

A major risk is that the technology becomes the driv-

ing force of research, instead of a tool for epidemiol-

ogy. We argue that interdisciplinary collaboration,

involving adequately trained epidemiologists, labora-

tory researchers, biostatisticians, mathematicians, and

bioinformaticians who are aware of epidemiological

methods is the only way to move the field forward. So

how can training in molecular epidemiology contribute

to this?

APPROACH

We propose an interdisciplinary, three-level, problem-

based approach to training in molecular epidemiology,

and have applied this approach in a 5-day postgraduate

course on molecular epidemiology of chronics diseases

(www.M2E2.nl).

Interdisciplinary Collaboration

When introducing omics in population studies, interdis-

ciplinary collaboration is necessary to ensure valid results.

Scientists from multiple disciplines need to understand

each other’s languages and techniques. This has conse-

quences for training in molecular epidemiology with

respect to both teaching staff and students. Interdiscipli-

nary teams are needed in teaching molecular epidemiol-

ogy. Furthermore, the teaching needs to appeal to

students coming from diverse areas of research such as

pathology, molecular biology, genetics, analytical chemis-

try, statistics, bioinformatics, general public health, and

traditional epidemiology. The teaching thus needs to be

adapted to these diverse backgrounds and diverse

entrance levels of the students in the fields that are

required for molecular epidemiology.

Three-Level Approach

Because of this heterogeneity in students, we propose a

three-level approach to training (Fig. 1). First, concepts

from each field necessary for molecular epidemiology

need to be addressed at a basic level, specifically, biologi-

cal, epidemiological, and statistical concepts. We have

implemented this by organizing parallel sessions which

the course participants could attend depending on their

basic training. Second, state-of the art methods applied in

molecular epidemiology should be covered. These include

the different -omics technologies, the quality control of

complex raw data, smart study designs that are cost-

effective, valid, and of sufficient power, exploratory,

pathway-based and multivariate regression modeling tech-

niques, bioinformatics tools, and the biological interpreta-

tion of findings. Students may have basic knowledge on

these topics, depending on their basic training. This

makes this level particularly suitable for students to

“teach each other.” Third, the application of -omics tech-

nologies in population studies calls for awareness of

issues related to biobanking, ethics, legislation, and public

health implications.

No two molecular epidemiology studies are exactly

the same. This is because they are usually embedded in

ongoing longitudinal population-based studies, because

of the difficulty in assessing exposures in large popula-

tions in sufficient detail, and because of the complexity

of collecting and storing biological samples for long

periods of time. Molecular epidemiologists therefore
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Fig.1. The interdisciplinary, three-level, problem-based approach to training in molecular epidemiology.
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should be trained to deal with diverse methodological

issues which have to be adapted tailor-made to the situa-

tion at hand.

Problem-Based Learning

Problem-based learning is a useful tool for teaching

when students need to apply complex concepts to com-

plex situations as in interdisciplinary fields like molecular

epidemiology. In small tutorial groups composed of stu-

dents from diverse backgrounds they analyze problems,

discuss, and exchange knowledge. By actively addressing

a number of cases students better grasp the underlying

concepts and learn to apply their insights to various situa-

tions. Problem-based learning encompasses four basic

learning principles. Constructive learning facilitates

understanding and leads to better recall of information

through activation of prior knowledge and elaboration

[Chi, 2009]. Contextual learning facilitates retrieval of

knowledge through acquiring new knowledge in the con-

text of multiple situations and disciplines [Bransford and

Schwartz, 1999]. Collaborative learning is the result of

in-depth interactions in groups around complex problems

and leads toward conceptual changes in the student’s

thinking and better learning [Springer et al., 1999; Chi,

2009]. Finally, through self-regulated learning students

play an active role the in planning, monitoring, and eval-

uation of their learning, resulting in better achievements

[Ten Cate et al., 2011]. We have used problem-based

learning particularly in the second level of the course.

Because in this phase all students have a basic level of

understanding of the concepts relevant in molecular epi-

demiology, but knowledge on the advanced issues varies

considerably between students, depending on their basic

training. For example, we provide groups of approxi-

mately six students from diverse backgrounds with a

description of a study in which only a limited budget is

available for omics measurements. As a group they have

to come up with the best study design, and present this to

the larger group. Both students and faculty ask questions

and provide feedback.

CONCLUSION

Both molecular epidemiologic research and training are

by definition collaborative efforts. The Maastricht Molec-

ular Epidemiology Group (M2E2) has developed an inter-

national course “Molecular epidemiology of chronic

diseases” which was designed according to the proposed

interdisciplinary, three-level, problem-based approach to

training. We have now successfully run this course for

two years in a row. Students indeed came from very

diverse backgrounds, such as traditional epidemiology,

social sciences, molecular biology, biostatistics, bioinfor-

matics, and psychology. The approach was highly

appreciated by all participants, although it remains diffi-

cult to “learn each other’s language” in a week. Such

training tools should therefore be regarded foremost as a

means to create awareness of problems and solutions in

other fields of research and to create networks from

which interdisciplinary research groups may grow. Train-

ing tools characterized by this approach will shape the

molecular epidemiologists of the future.
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