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INTRODUCTION

Historically, successes in improving human health have been rooted in diligent observation and
careful analysis of the given situation and data. In light of new, solid evidence contradicting
prevalent accepted beliefs, the field of epidemiology must remain dynamic and be open to
new ideas that further evolve its growth and ultimately improve health. Pioneering work in
epidemiology includes the systematic investigation into the origins of the cholera outbreak in
London by John Snow in the 1800s. He observed that the spread of the disease was linked to
communal drinking water sources. This careful observation ultimately led to the understanding
that contaminated water contained the causal agent of the disease, challenging the contemporarily
accepted miasma theory (1). Such systematic investigations to identify disease risk factors, modes
of transmission, and consequences remain essential today and have substantial implications for
population health. For instance, the early recognition that SARS-CoV2 is primarily transmitted
through aerosols was quintessential to inform public health policy and decision-making during
the ongoing pandemic (2). Through objective observation and analysis, the development and
implementation of appropriate interventions can be conducted in a reasonable time frame.

WHAT IS EPIDEMIOLOGY?

Epidemiology is one of the mainstays of medicine and public health. It is a rapidly evolving field
that lies at the intersection between clinical and population-based research. The field concerns itself
with topics ranging from field observation and data collection to study design and analysis and
pursues the overarching goals of furthering scientific discourse, informing decision-making, and
improving health on the population level. Furthermore, as epidemiology continues to evolve and
expand its scope, it is constantly being redefined. A review by Frérot and colleagues of published
and gray literature from the last decades identified 102 unique definitions of “epidemiology,” with
the majority containing the words “population,” “study,” “disease,” “health,” or “distribution” (3).
Over time, they found an increasingly prevalent use of the terms “control” and “health” and a
diminishing emphasis on “disease,” indicating the dynamic of the field and shifting to new focuses
(3). Especially in the last 2 years, the field has experienced drastic change and growth, mainly in
response to the new challenges that continue to arise during the ongoing Covid-19 pandemic and
the need for innovative solutions.

CURRENT CHALLENGES IN EPIDEMIOLOGY

While widely regarded as a science that provides numbers of existing disease stages and their
occurrences—which are key components that, when applied correctly, have been very useful
throughout the Covid-19 pandemic—epidemiology, as a field, does more than just observe and
quantify. In particular, in addition to answering descriptive questions, many epidemiological
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studies address prediction aims, while others seek to study the
causes and effects of health stages. Correctly designing studies
and applying proper data analysis methods to answer these
questions are crucial components of modern epidemiology (4).
Indeed, only through rigorous study conduct and application
of methods can we expect to further our understanding and
ultimately improve health on the population level.

The Covid-19-pandemic demonstrated that systematically
collected data need to rapidly be made accessible to researchers
around the globe so that they can be adequately analyzed
to inform a proper response in a timely manner. However,
the quality of many Covid-19 publications left much to
be desired, underscoring the importance of proper use of
research methodology and the impact of inaccurate conclusions
(5–8). The Covid-19 pandemic has also led to a massive
overload of the publishing system in epidemiology and other
biomedical fields by a substantial increase in the number
of submitted papers, with a concurrent lack of time for
scientists to conduct proper peer review in an acceptable time
frame (9).

In recent years, epidemiology has been confronted with new

data collection methods leading to massive, ever-expanding
databases, often referred to as big data, and automated

algorithms to analyze them (e.g., machine learning). However,

when addressing questions on adequate prediction and cause
and effects, understanding and applying the proper analytic

framework is a fundamental necessity (10). The increasing
availability of data alone will not help improve population health
if we only observe them without interpreting the underlying
reality (10). New, innovative concepts are being developed,
mainly in the intersection between predictive and causal
frameworks (11–13) that will help to improve our understanding
and provide advances.

We have observed a substantial lack of preparedness during
the Covid-19 pandemic that should be addressed in revising
education of related fields, such as medicine, public health, health
communication, medical informatics, psychology, and others,
with core modern epidemiological content. For timely and
meaningful preparedness, we also need to extend international
and interdisciplinary collaboration as well as improved fact-
based communication to the public and decision-makers. The
latter includes making scientific content open access with
all its components. Lastly, we need to provide adequate
opportunities for early career researchers to shape the future
of epidemiology.

In the following sections, we will summarize pressing
challenges currently facing the field of epidemiology,
related to choosing the right framework and applying
proper methodologies, in education and the promotion of
interdisciplinary collaboration, and in improving health
communication, encouraging open science, and building
transparent peer review structures. Finally, we will discuss the
challenges of engaging early career researchers and incorporating
them into all aspects of the editorial work. Challenges for
the specific subareas of epidemiology will be discussed in the
respective sections of the journal.

CHOOSING THE PROPER FRAMEWORK:

DESCRIPTION, PREDICTION, AND

CAUSAL INFERENCE

In many traditional epidemiology and biomedical circles, a
statement about a causal relationship is considered justified
if and only if it is the result of a randomized controlled
trial. This implies that in all observational studies, which
comprise the vast majority of the published literature, it is
only possible to report and draw conclusions about loosely
defined associations, which have unclear implications in terms
of interventions and policy recommendations (14). While well-
conducted randomized experiments are justifiably the gold-
standard in biomedical research, they cannot, due to ethical and
practical constraints, provide answers to many of the pressing
questions in public health and adjacent domains. For this reason,
the continued development and implementation of rigorous
methodological approaches to provide answers to important
causal questions is essential for the field.

The “causal revolution” at the end of the twentieth century
represented a pivotal point in observational research and
progress in the field of epidemiology. The introduction of
directed acyclic graphs (and the underlying mathematical
theory) by Pearl, Robins, and others (14–16) revolutionized how
observational data can be used to answer causal questions, and
new concepts are continuously being developed (4). In addition,
the implementation of rigorous, modern methodological
approaches, such as Robin’s generalized methods (g methods)
(17) and the target trial emulation framework (18, 19), have
substantially improved research of causes and effects. However,
there remains substantial room for improvement in the
understanding and application of these methods. They have also
improved our understanding that the correct target population
needs to be selected when conducting clinic- or population-based
studies (20).

Confronted with the causal revolution and the growing
field of data science, there emerged an urgent need for
clarity in delineating the main tasks underlying epidemiological
research: description, prediction, and counterfactual prediction
(or causality) (4). Each of these three overarching tasks has
a unique set of characteristics, methodology, and challenges.
The common confusion between these three frameworks (e.g.,
applying methods of prediction to answer a causal question)
often leads to fundamental mistakes. Several examples of
such problems were observed during the Covid-19 pandemic,
during which inappropriate applications of methods led to
the interpretation of non-causal associations as causal effect
estimates (6, 8). Instead of banning specific phrases, as some
biomedical journals have done, it is pertinent to encourage
explicit statements of clearly operationalized study aims to
reduce ambiguity and assess whether the methods used are
actually suitable (21). Thus, Frontiers in Epidemiology will
focus on the appropriate choice and application of the specific
framework to answer specific research questions of description,
prediction, and causal nature in an appropriate target population
to improve the accuracy and interpretability of scientific
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findings. For example, we encourage authors of observational
studies addressing causal questions to use causal language to
describe their aims and to submit the directed acyclic graph
used to inform their variable selection strategies, design, and
analysis choices.

GETTING THE WORD OUT: EDUCATION,

TRANSPARENCY, AND DISSEMINATION

A second set of challenges centers on the spreading and
exchange of knowledge. High-quality education is an essential
component of fostering scientific dialogues. We must promote
the foundational, structured training of the next generation
of epidemiologists and provide opportunities for continued
learning to stay up-to-date and for interdisciplinary exchange.
Though strongly rooted in historical tradition, it is important
that we do not lose sight of the fact that epidemiology, as a
field, is rapidly evolving. In this light, we need to push for
the integration and continued updating of key conceptions
of modern methodology in the curricula of epidemiology,
public health, and biomedical training programs. The lack of
proper application of methods and transparent reporting in
many clinical and biomedical research studies reminds us that
researchers have a societal responsibility when conducting and
reporting scientific studies (7). Thus, one aim of Frontiers in
Epidemiology is to regularly invite papers that showcase cutting-
edge epidemiological methods and best practice application
examples, as well as those which describe common biases
and propose innovative design and analytic strategies to
avoid them. The journal also encourages the submission
of papers challenging current concepts or expanding upon
them, and will actively promote training and advances in
peer review.

To further scientific discourse and ensure a timely discussion
of relevant topics, it is essential that scientific communication
is openly accessible to the research community at-large as
well as to the public. Furthermore, all aspects of peer review
should be credited and openly reported for full transparency
and to promote scientific integrity. Though it became glaringly
apparent during the Covid-19 pandemic, a lack of direct
access to original research or commentaries also hinders
scientific progress in non-pandemic times. Without it, essential
scientific interaction is restricted, as such information is
needed for researchers to initiate or modify projects and
decision-makers to implement necessary preventative measures.
Like all journals within the Frontiers family, Frontiers in
Epidemiology is an open-access journal with an open peer-
review process. We further explicitly encourage authors
to pre-register or publish research protocols and make
their analysis code and, when possible, their research data
publicly available.

Informing the public about the research of health aspects is
an essential societal service. Epidemiology plays an essential role
in communicating relevant measures of health conditions and
justifications for findings in light of what is already known. Once
again, we learned lessons during the Covid-19 pandemic about

the confusion that inaccurate or incomplete communication of
disease prevalence and incidence or associated consequences
of a disease can create (22). Health communication starts with
well-presented original research that should discuss aspects of
the potential consequences on the individual and population
level. One of the primary roles of a journal is to openly
disseminate scientific information to the research community,
decision-makers, and the public. Therefore, Frontiers in
Epidemiology will assist in transferring and distributing
knowledge and provide summarizing commentaries to the
public and decision-makers.

THINKING OUTSIDE OF THE BOX:

PROMOTING INTERDISCIPLINARY,

INTERSECTIONALITY, AND NEW VOICES

While the lack of early involvement of methodologists in
biomedical research projects is known, at least to methodologists
(7), epidemiologists should seek out opportunities to exchange
and collaborate with scientists from other fields to expand their
horizons and find innovative ways to improve their scientific
practice. For example, during the Covid-19 pandemic, there
were intensive exchanges between the fields of epidemiology,
physics, mathematics, economics, and computer science.
We should continue with this momentum and explore
possibilities for collaboration with other domains such as
engineering, law, and art. Thus, Frontiers in Epidemiology
will specifically invite papers from experts of other fields
for their perspectives on the intersections of their fields
with epidemiology.

A central tenet of the scientific process is to challenge
what we already know. In light of new evidence, we
must be willing to reconsider our established beliefs and
accepted knowledge. Taking an intersectional approach
in our research brings additional complexity, but better
reflects the reality of the world around us; a challenge that
we must rise to meet in the next stage of evolution of
our field. Instead of investigating individual determinants
of health in a vacuum, modern research should explicitly
aim to be inclusive and to address diversity with
intention. Since the challenge of integrating adequate
intersectional perspectives applies to all subsections of
epidemiological research, it is essential to develop innovative
methodological approaches to incorporate these aspects into
research (23).

Scientific fields grow from high-level discussions and
discourse. This is also true for epidemiology. Such discussions
are often triggered by early career researchers who bring in
new energy and ideas, which challenge existing theories and are
essential to further improve the field. Early career researchers
should not be met with resistance when they challenge legacy
frameworks and accepted analytical approaches, but rather, we
need to create a space in which they, too, can engage in
open dialogue with more established researchers in the field.
Early career researchers are an engaged group also eager to
help improve the field in terms of important professional
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aspects, such as mental health, work-life balance and reverse
mentoring (24, 25). Frontiers in Epidemiology will actively seek
to promote the voices of early career researchers and provide
a platform to foster innovative thinking and the exchange of
ideas. We invite them to be active across all levels of the
journal; as authors, peer reviewers, and editors. We explicitly
encourage them to submit research papers challenging accepted
narratives with convincing arguments, thereby generating new
perspectives and motivating us to think about long-standing
problems in new ways. In cooperation with the Frontiers
publishing group, we pledge to work on concepts that improve
the training and involvement of early career researchers in the
journal’s activities.

CONCLUSION

Frontiers in Epidemiology aims to provide a platform for
tackling the above-mentioned grand challenges of the field
with innovative research, methods-focused exchange, and critical

thinking. Each specialty section of the journal will address crucial
research areas that affect how epidemiology can improve health
in specific populations and stimulate critical exchange about

the current narratives. Across the specialty sections, the journal
encourages the implementation ofmodern views of epidemiology
and its development, focusing on early career researchers.
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