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a b s t r a c t

Purpose: To identify macro-level trends that are changing the needs of epidemiologic research and
practice and to develop and disseminate a set of competencies and recommendations for epidemiologic
training that will be responsive to these changing needs.
Methods: There were three stages to the project: (1) assembling of a working group of senior epidemi-
ologists from multiple sectors, (2) identifying relevant literature, and (3) conducting key informant in-
terviews with 15 experienced epidemiologists.
Results: Twelve macro trends were identified along with associated actions for the field and educational
competencies. The macro trends include the following: (1) “Big Data” or informatics, (2) the changing
health communication environment, (3) the Affordable Care Act or health care system reform, (4)
shifting demographics, (5) globalization, (6) emerging high-throughput technologies (omics), (7) a
greater focus on accountability, (8) privacy changes, (9) a greater focus on “upstream” causes of disease,
(10) the emergence of translational sciences, (11) the growing centrality of team and transdisciplinary
science, and (12) the evolving funding environment.
Conclusions: Addressing these issues through curricular change is needed to allow the field of epidemi-
ology to more fully reach and sustain its full potential to benefit population health and remain a scientific
discipline that makes critical contributions toward ensuring clinical, social, and population health.

� 2015 Elsevier Inc. All rights reserved.
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Background

The context for epidemiologic research, training, and practice is
changing rapidly, due in part to emerging “macro trends” in society
(e.g., Big Data, genomics, and team science) that are affecting the
profession of epidemiology, as well as public health and medicine
more generally. The sweeping changes brought about by such
macro trends have already greatly changed sectors outside of public
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health and medicine, especially business and economics [1]. Often
considered in strategic planning processes, macro trends involve
some combination of changing demographics, economic factors,
technological changes, and legal, political, or social conditions. In
light of several important macro trends affecting epidemiology,
there is concern that training in our discipline has changed very
little over the past several decades, and therefore, the next gener-
ation of epidemiologists will be ill prepared to meet challenges
posed by the changing landscape [2].

Training in epidemiology has roots in descriptive epidemiology,
etiologic research, causal inference, and public health practice [3].
More advanced methods and their appropriate use are taught quite
variably, and there are few textbooks covering material beyond the
introductory level. Much of the instruction on emerging methods,
for example, topics pertaining to Big Data and/or advanced ana-
lytics, is left in many programs to courses in biostatistics, bioin-
formatics, and computer sciences and may not be available at all in
some programs.

Historically, training in epidemiology has benefitted from
competency-based education, which has helped to shape educa-
tional programs [4,5]. Formally, a competency is defined as a cluster
of related knowledge, attitudes, and skills that is important for the
performance of a job activity and can be measured against well-
accepted standards [6,7]. Employers and positions held by epide-
miologists require certain competencies, and the degree to which
one can define those competencies is also a determinant of the
ability to hire, train, and retain the right people in a given position.
For example, graduates of epidemiology training programs who
have not mastered the competencies demanded by government
agencies or private employers will not be competitive for employ-
ment in the current and future job markets.

Several previous efforts have defined competencies relevant to
epidemiologic training in the United States. For master’s level
training, the Association of Schools and Programs in Public Health
uses its MPH Core CompetencyModel to outline 10 competencies in
epidemiology and additional competencies in the five traditional
core areas of public health and seven interdisciplinary or cross-
cutting areas [8]. In 2002, the American College of Epidemiology
held a workshop to develop a set of competencies for doctoral ed-
ucation in epidemiology across 12 domains (e.g., descriptive
epidemiology, study design, data analysis, communication) [9].
Ongoing work being led by the National Cancer Institute has
developed recommendations for training in cancer epidemiology
that seek to better position the science for challenges and oppor-
tunities in the 21st century [10e12]. For more applied training, the
Centers for Disease Control and Prevention (CDC) and Council of
State and Territorial Epidemiologists (CSTE) developed a set of
competencies for individuals working in public health practice
[13,14]. The CDC and CSTE competencies were designed to be
comprehensive across four different skill levels and are linked to a
toolkit to assess skill levels and tailor efforts.

Building on these previous efforts, this project sought to (1)
identify macro-level trends that are changing the needs of epide-
miologic training and (2) develop and disseminate a set of com-
petencies and recommendation for epidemiologic training that will
be responsive to these changing needs [2]. We asked senior epi-
demiologists from a variety of sectors to identify macro trends and
related competencies.

Data collection and synthesis

The present project began with the assembly of a working
group (the coauthors on this article) that had a charge to conduct a
series of interviews with epidemiologists working in various ca-
pacities to develop and disseminate a set of competencies and
recommendations for epidemiologic training to address the
changing landscape (macro trends). The working group consisted
of leading U.S. epidemiologists who (1) teach and/or participate in
research in various academic (medical schools, schools of public
health), government, or industry settings; (2) represent various
levels of public health practice (federal, state, local); and (3) have
strong linkages to relevant professional groups (e.g., American
College of Epidemiology, American Epidemiological Society, As-
sociation of Schools and Programs in Public Health, CSTE, Society
for Epidemiologic Research). Although the focus of this effort was
primarily on epidemiologic training in the United States, many of
the issues described are likely to be applicable in other parts of the
world.

Next, the initial relevant literature was gathered by the working
group. The search began with a convenience sample of articles
related to competencies and education in epidemiology identified
by the core team (Brownson, Samet, Yarber) and then additional
relevant literature was sought from the working group. An initial
list of 12 articles [4,10,15e24] was identified.

At the third stage of the project, semistructured interviews with
key informants were conducted. An interview guide was developed
by the core team that included seven open-ended questions
covering the respondent’s background or experience in epidemi-
ology, perceptions of the challenges facing epidemiologists as they
enter the workforce, an assessment of the degree to which current
training is addressing challenges, skills that are missing, other
macro-level forces facing epidemiology, and competencies for
training that the respondent has found to be useful in her or his
career. The interview guide is available from the first author on
request. Interviews were conducted with 15 experienced, active,
future-oriented epidemiologists from both practice and research
settings (including the working group). Most of the respondents
worked in academic settings (n ¼ 10), whereas two worked for the
U.S. government (the CDC and the National Cancer Institute). Five
participants either currently worked for a state or local health
department or had previously worked in public health practice.

The interviews ranged in length from 15 to 45minutes. From the
interview notes, major themes were extracted and organized in a
three-column spreadsheet with the following column headings:
major macro trend, skills needed to address the trend, and other
comments related to the trend.

The study was reviewed and approved by the Institutional Re-
view Board at Washington University in St. Louis.

Findings

Twelve macro trends were identified and each is briefly
described. In Table 1, associated actions for the field and educational
competencies are listed. The actions are the broader steps to be
taken by the field of epidemiology and other sectors; the compe-
tencies are those needed to begin to addressmany of the actions via
specific types of knowledge or skills. Many of these competencies
build on earlier efforts [4,8e11,13,25].

Macro trend 1: the growing availability of “Big Data” or informatics

The rapid growth in the scope and ability to link multiple large
static and streamed data setsdsuch as electronic health care
recordsdprovides opportunities and challenges for epidemiolo-
gists. The U.S. government has invested $200million to enhance Big
Data research within and across federal agencies [26] and the U.S.
National Institutes of Health has issued announcements for initia-
tives in this area. As data sets become increasingly larger and more
complex, epidemiologists will need advanced skills to link, manage,
map, analyze, interpret, display, and communicate their findings to



Table 1
Actions and educational competencies corresponding to macro trends affecting epidemiology

Macro trend* Actions for the field Educational competencies (examples)

1. The growing availability of “Big Data”
or informatics

� Support wider use of language processing and other data exploration or analytical
approaches used in computer sciences.

� Support the harmonization of data sets and the creation of study repositories.
Appropriate ontologies are needed for this purpose.

� Develop epidemiologic capacity for integration of data from basic, clinical, envi-
ronmental, social, and population sciences.

� Support the development of statistics that can analyze and enhance the use of
diverse data when linked, and increase the ability to adequately analyze small
sample epidemiologic data.

� Refine existing and develop new guidelines for reporting epidemiologic research
results based on secondary analysis and/or Big Data.

� Identify challenges, princi es, and key details for data sharing.
� Identify the challenges of rge-scale data management.
� Demonstrate the ability to entify clinically important research questions that can

be tested by secondary an yses.
� Demonstrate skill in colle ing, cleaning, storing, distributing, and preparing data

for public use.
� Demonstrate the ability to se and protect complex, linked data sets from multiple

sources and across levels o organization from the biologic to societal levels.
� Demonstrate skills for inte ation of data from basic, clinical, environmental, social,

and population sciences.
� Demonstrate knowledge a d understanding of the methodological and statistical

problems inherent in the alysis of secondary and/or Big Data.
� Demonstrate the ability t use data collected by other disciplines (e.g., adminis-

trative or billing purposes
� Use and interpret findings rom data exploration tools and other analytics.
� Demonstrate an understa ing of the process of electronic data capture and the

importance of information echnology in data acquisition and management.
� Demonstrate an underst ding of and ability to perform meta-analyses of

epidemiologic results.

2. The changing health communication
environment

� Develop newmethods for epidemiologic studies, surveys and surveillance that take
advantage of new technologies (e.g., smart phone surveys, GPS tracking).

� Integrate training in epidemiology more fully with other disciplines concerned with
communication and dissemination (e.g., communication, marketing)

� Work with biostatisticians and quantitative methods experts from other fields to
develop new research methods, study designs, and data analysis procedures.

� Demonstrate skills (writte and oral) to effectively communicate epidemiologic
findings to multiple audie es including scientific peers, the public, decision
makers, and the media.

� Identify strategies to eff tively communicate conflicting or highly uncertain
findings.

� Create brief and tailored ports and visual displays for nonscientific audiences
(administrators, policy ma ers).

� Use communication meth s, such as mapping tools and social media.

3. The Affordable Care Act or health care
system reform

� Collaborate with clinicians and health services researchers to identify key research
and policy questions along with measurement needs.

� Improve capacity in clinical epidemiology so as to monitor improvements in patient
and population outcomes in “real time.”

� Continue to broaden the range of populations considered in epidemiologic research
to encompass those within health care systems.

� Demonstrate skills in usin data collected (sometimes for administrative or billing
purposes) while consideri inherent limitations of such data.

� Demonstrate skills in link g epidemiologic outcomes (e.g., variations in practice
and health indicators) wit economic outcomes (e.g., cost-effectiveness).

� Demonstrate skills in usin contextual data to assess quality of health care pro-
cesses and outcomes, inclu ing appropriate methods for case-mix adjustment.

4. Shifting demographics � Improve the capacity to work with people and groups with different backgrounds
and life experiences and to carry out research in a culturally meaningful and
appropriate way.

� Identify the role of cultural factors in disease etiology and prevention.

� Explain how the contexts f, gender, age or life span, race, ethnicity, sexual orien-
tation, socioeconomic pos on, history or cohort, migration, and culture are
important in the design of search and interventions within health care and public
health systems.

� Demonstrate skills in dev loping research instruments and data analytical ap-
proaches that are culturall relevant.

� Demonstrate skills in sma area or small population analyses.

5. Globalization � Develop and enhance cross-national partnerships to enhance the infrastructure,
quality, and scope of epidemiologic research.

� Carry out multicountry studies that take advantage of the wide exposure gradients
that may exist.

� Develop new approaches for epidemiologic training for low- and middle- income
countries.

� Demonstrate familiarity w h global surveillance systems tomonitor the geographic
differences and spread of sease.

� Understand how a range o ssues (e.g., culture, climate, and economics) contributes
to disease.

� Use channels for informat n dissemination at the global level.
� Demonstrate capacity to h ndle data in at least one non-Western context.

6. Emerging high-throughput
technologies (omics)

� Articulate the opportunities and challenges presented by genomic and other “omic”
research and how epidemiology and epidemiologists can help meet those
challenges

� Foster collaboration between epidemiologists, biostatisticians, and other quantita-
tive methods experts to improve methods to quantify the risk and predictive
abilities of genomic and other “omic” discoveries.

� Work with toxicologists, molecular biologists, and other disciplines to use new
technologies to assess cumulative environmental exposures (i.e., the “exposome”)
in epidemiologic studies.

� Explain how genetics and nomics as well as their interaction with environmental
exposures affect disease p cesses and public health policy and practice.

� Understand how “omic” to ls can be integrated into an ecological model of health
including social and envir mental determinants.

� Understand how to valida a surrogate marker and apply the principles of causal
inference to “omic” tools.

� Identify the role(s) of eme ging “omics” technologies applicable to epidemiologic
research and demonstrate he ability to incorporate them into epidemiologic
research.
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� Describe and address the ethical concerns associated with genetic and genomic
screening and research.

� Describe the practical implications of genomic discoveries for public health practice,
clinical application, and policy.

� Describe strengths and limitations of using “omic” technologies in measuring
environmental exposures (e.g., the exposome).

7. A greater focus on accountability � Extend the portfolio of epidemiologic research beyond etiology, treatment and
outcomes research to dissemination and implementation research.

� Develop a culture of accountability and health effect by facilitating practice of
reproducing studies, sharing, and translation.

� Understand the role of public reporting of health systems data related to quality and
safety.

� Understand the role of data stewardship inmaking data accessible and usable by the
public.

� Demonstrate skills in translating findings into formats that are accessible and un-
derstandable to policy makers and the lay public.

� Apply newmetrics to assess the effect of epidemiology on health care, public health
practice and policy and ultimately on population health and health care decision-
making.

� Describe cost-effectiveness, cost-benefit, and comparative effectiveness analyses
and their place in the evaluation of interventions.

� Apply tools that allow for sharing and consideration of study findings early in the
research process and not only at the end.

� Effectively communicate research progress and findings to study participants and
their communities.

� Develop effective skills and strategies for data sharing, data dissemination, and data
stewardship across levels from data developers to consumers and lay public.

� Understand the role of public reporting of health systems data related to quality and
safety.

8. Privacy changes � Work with those building clinical data “enterprise warehouses” to anticipate pri-
vacy and consent issues related to future uses of data and specimens for epidemi-
ologic research.

� Develop privacy and confidentiality systems that balance the rights of individuals
with the needs of society.

� Demonstrate skills in how to leverage the federal program on “meaningful use” of
electronic health records that will improve access to clinical data for epidemiologic
research.

� Apply epidemiologic judgment to available data.
� Understand the definition of research versus public health and quality

improvement.
� Describe the evolution of the principles and key documents that ensure the pro-

tection of human subjects in human research.
� Describe the ethical issues involved when involving vulnerable populations in

research.
� Summarize the principles and methods of distributing and balancing risk and

benefit through selection and management of subjects in experimental studies.

9. A greater focus on “upstream” causes
of disease

� Develop the capacity to translate science into action in venues ranging from local to
global, especially policy translation.

� Articulate how epidemiologic skills and research, survey and surveillance data can
play a role in systems modeling studies.

� Develop methods to link social and demographic characteristics into existing data
systems (e.g., electronic health records).

� Review how to design and carry out studies that address upstream causes (e.g.,
multilevel modeling of policy influences).

� Understand causal inference and ecologic associations to appropriately use termi-
nology to describe factors and the level of evidence for a relationship between the
factor and a health outcome.

� Demonstrate the ability to design research that focuses attention on social and
economic policies that affect health throughout the life span.

� Demonstrate the ability to assess the strengths and weaknesses of applying the
systems approach to public health problems.

� Describe methods for framing a public health issue as a complex system with
interacting parts.

� Describe contextual variables (e.g., policy environment, organizational culture) that
affect disease risk and intervention success.

10. The emergence of translational
sciences

� Advance the role of epidemiology and epidemiologists within clinical and trans-
lational research.

� Develop partnerships between epidemiologists and practitioners in community or
clinical settings.

� Develop new courses on translational science.
� Continue to develop and improve analytical tools (e.g., systematic reviews, evidence

portals) that link research and practice.

� Describe the role of epidemiology and the epidemiologist in the translation of
knowledge into practice.

� Demonstrate an understanding of the role of epidemiology in stages T1, T2, T3, and
T4 research.

� Identify qualitative case studies that provide examples and lessons on the trans-
lation of epidemiologic findings into practice and policy.

� Define dissemination, implementation, and knowledge translation in the context of
epidemiologic studies and the knowledge basis needed for epidemiologists to
contribute effectively.

� Demonstrate understanding of the approaches used to assess evidence (e.g., US
Preventive Services Task Force, Canadian Preventive Services Task Force).

(continued on next page)
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both lay and professional audiences and in both oral and written
formats [27]. The growing availability of such data suggests that
epidemiologists will do less conventional data collection and will
need new skills (e.g., translational research, knowledge integration)
[28].

Macro trend 2: the changing health communication environment

Findings from epidemiologic research and public health sur-
veillance often have direct implications for the health of the pop-
ulation. Advances in technology have created an environment
where practitioners, researchers, and members of the public can
access such epidemiologic information almost instantaneously.
However, the large number of epidemiologic studies being pub-
lished, often with seemingly inconsistent or conflicting findings,
likely leads to confusion among decision makers and the general
public [29]. Social media and the increase in communication
sources and channels might compound this challenge (and oppor-
tunity) even further [30].

Macro trend 3: the Affordable Care Act or health care system reform

The demand by society to improve health care quality, reduce
costs, and improve population health outcomes creates many op-
portunities for epidemiologic research and practice in the future.
The Affordable Care Act seeks to (1) increase access to health care
for millions of Americans, (2) strengthen disease prevention efforts,
and (3) build more public health activities into the health care
system [31]. The Affordable Care Act is part of a larger trend toward
rewarding value rather than volume in health care and acknowl-
edges the role of behavioral, social, and environmental de-
terminants of health in health outcomes [32]. There are
opportunities for funding certain types of epidemiologic studies
ranging from the “upstream causes” of health disparities to patient-
centered outcomes and from primary prevention to the compara-
tive effectiveness of alternative treatments. There will be a need for
involvement of epidemiologists in measuring the effect of the
Affordable Care Act and other community, social, and health sys-
tems changes and also in targeting prevention efforts to meet the
population health requirements of the Act.

Macro trend 4: shifting demographics

The changing demographics (e.g., aging, increased racial or
ethnic diversity, sexual orientation) present new challenges for
epidemiology. The rapidly expanding older population may lead to
emphasis on new areas of research and practice, which will be
given priority for funding (e.g., brain science, chronic disease pre-
vention, health maintenance, the effect of comorbid conditions). In
addition, the changing racial, ethnic, sexual orientation, and cul-
tural composition of the U.S. population will require a greater
emphasis in population health toward measuring and identifying
effective approaches to narrow health inequities.

Macro trend 5: globalization

Globalization is a process that leads to increased cross-country
interactions and integration of markets and systems (business,
health, communication) [33]. Globalization has already increased
the risk of global spread of communicable diseases, epidemics and
pandemics (e.g., SARS and Ebola), with implications for epidemi-
ologists whowill need to be well trained in the use of newmethods
for case finding, of innovative methods to control exposures, and of
culturally sensitive strategies to implement prevention methods. At
the same time, globalization will, in the absence of significant
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changes in policies and health care or public health systems, bring
the chronic diseases that are common in developed countries to the
low- and middle-income countries (e.g., tobacco-related diseases,
diabetes). Globalization offers opportunities for epidemiologists to
conduct informative cross-national studies, to transfer skills, and to
allow for exchange of scientists, practitioners, and technology [34].

Macro trend 6: emerging high-throughput technologies (omics)

The scope of genome-based research is expanding rapidly along
with other “omics” such as proteomics, metabolomics, exposomics,
and microbiomics [19,35]. Epidemiologic research now has the
potential to use human and pathogen genetic sequencing and
complex biomarkers to identify and track the clinical course of
disease. For example, large-scale biologic databases, powerful
methods of characterizing patients, and new computational tools
may lead to more individualized prevention and treatment for
some diseases (e.g., cancers, diabetes) [36] New “omic” discoveries
call for new approaches for collaboration, team science, data
sharing, data analysis, and integration of effort across different
disciplines and platforms. For epidemiologists to play a meaningful
role in these collaborative efforts, they must be able to speak the
language of the other team members. That will mean that epide-
miology training programs will have to make available to trainees
the opportunity to learn (at least) the basics and the languages of
the biomedical and data sciences.

Macro trend 7: a greater focus on accountability

Many factors are driving a call for accountability and sharing of
data, in the face of the large expenditures of public funds on
epidemiologic and biomedical research. Additional drivers include
the rapid exchange of information, participatory approaches, pri-
vacy, confidentiality, data security, and ethics [37]. This can take
numerous forms including data stewardship, stewardship of funds,
reporting epidemiologic findings back to stakeholders, sharing data
for public use, and understanding the potential impacts (including
benefits and harms) of research.

Macro trend 8: privacy changes

The data explosion and the hacking of personal data from large
private as well as public data sources has and will continue to bring
changes to privacy laws (e.g., Health Insurance Portability and
Accountability Act) and contractual agreements that regulate
accessibility to certain health information. These changes have
profound implications for epidemiologic research, particularly for
those epidemiologists engaged in analytics which requires more
and finer grained data on individuals. Epidemiologists need to
understand the limits on the use of such data and will need to
participate in efforts to improve data systems to balance the needs
for individual privacy with broad societal goals for information
while maintaining appropriate privacy, confidentiality, and security
protections.

Macro trend 9: a greater focus on “upstream” causes of disease

Public health problemsdsuch as violence, mental illness, and
obesitydhave complex “upstream” causes, including, often inter-
related, social determinants of health (e.g., a group of highly
interrelated factors including poverty, education, housing, and
employment) [38]. Numerous authors have expressed concerns
that epidemiologists have not adequately focused on these broader
societal factors that shape population health [39e43]. Addressing
these variables involves aligning structures to optimize health (e.g.,
improving the built environment), shifting social norms, or devel-
oping and assessing evidence to address the well-established
“causes of causes” including large and powerful industries (e.g.,
alcohol, tobacco, and firearms). Epidemiologists are central in
generating, evaluating, and interpreting evidence related to this
trend, but struggle in motivating action with their findings.

Macro trend 10: the emergence of translational sciences

The U.S. National Institutes of Health, foundations, and author-
itative bodies (e.g., the Institute of Medicine) are placing greater
emphasis on translational science (including dissemination and
implementation research) [44,45], broadly defined as the process of
applying ideas, insights, and discoveries generated through basic
scientific inquiry to the treatment or prevention of human disease.
The goal is to move scientific advances as quickly as possible from
the laboratory to the bedside and from the bedside to the com-
munity to improve access, reduce disparities, and improve the
health of the population [46,47]. Epidemiology is a critical meth-
odological foundation for translational research [10,17].

Macro trend 11: the growing centrality of team and transdisciplinary
science

Team science is a collaborative, transdisciplinary effort that le-
verages the strengths and expertise of professionals trained in
different fields to address a scientific challenge [48]. A trans-
disciplinary approach focuses teams from varied disciplinary
backgrounds (inside and outside of biomedical science) on a single,
often complex, research problem [49]. Because epidemiologists
have a broad range of skills, ranging from study design to devel-
opment of measures to analytical strategies, they are central to the
transdisciplinary research team [16].

Macro trend 12: the evolving funding environment

Federal agencies, particularly the National Institutes of Health
and the CDC, have historically played an important role in sup-
porting a wide variety of epidemiologic research and the graduate
training of epidemiologists. With the NIH budget now stable for five
years, there is less funding available for grants and success rates are
at record lows. With likely future restrictions on federal funding
[50], there is a need for new and creative approaches for funding
the typically large data collections in epidemiology at the federal
level and private sectors. Will there be large national studies that
will be made available to epidemiologists? It is also important for
epidemiologists to play a role in the policy process (e.g., educating
members of Congress and others on the value of epidemiologic
research and epidemiologic staff in public health practice).

Implications for epidemiologic training

Within population health and medicine, epidemiology is the
methodologic discipline for etiologic research, planning and eval-
uating interventions, public health surveillance, and health policy
formulation [51]. Epidemiologic training has as its core a focus on
research and analytical methods and needs to be supplemented by
knowledge in many domains such as pathobiology, biostatistics,
data science, health communication, and sociology. It is perhaps the
only biomedical research discipline that advances knowledge at
levels ranging from molecular to global in seeking to understand
the drivers of health and disease. For the unique perspective of
epidemiology to keep pace with the macro trends highlighted here,
educational competencies developed by training programs need to
expand. Based on the familiarity of the authors with existing
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curricula in epidemiology, the results from the current project
suggest an inadequate match between existing curricula and
training activities in epidemiology and the future skills sets needed
for epidemiology to remain an effective and credible discipline in
the 21st century. Importantly, the project’s findings point to a need
for lifelong learning by epidemiologists, a topic that has received
too little attention to date and one that should be addressed by
professional organizations and academic institutions in partnership
with other key stakeholders.

There are further considerations in using the findings on the 12
trends to broaden the competencies. The examples listed in Table 1
are intended as a starting point for further discussions. These
competencies could apply to graduate training at the MPH, MS,
PhD, or DrPH levels and also to ongoing training for researchers and
practitioners already working in epidemiology. They should also be
considered when developing undergraduate public health curric-
ulum, in courses based on the concept of “Epidemiology 101” [52].
Critically important to the future of the discipline is the recognition
that the depth, focus, and importance of mastering the core com-
petencies differ according to setting (e.g., research vs. practice) and
level (e.g., master’s vs. doctoral) [9,13,53].

The next stage for this work will involve dissemination of these
findings and recommendations to a broad range of potential users.
Not every training program should or could cover material beyond
the introductory level corresponding to all the educational areas
outlined in this article. Some degree of specialization within pro-
grams is to be expected, and it is hoped that training programs will
focus on achieving excellence in those domains that are of greatest
importance to their students and to the populations they serve.

Differences in training strengths between institutions create a
number of challenges but at the same time open up opportunities
for the discipline’s professional organizations (e.g., the American
College of Epidemiology; the Society for Epidemiologic Research,
the epidemiology section of American Public Health Association,
the American Heart Association). These organizations can provide
advanced and specialized training through on-site workshops and
seminars and online short courses or webinars. These alternative
forms of training may be especially important for those engaged in
public health practice, particularly individuals in smaller health
departments or in lower level positions with nongovernmental
organizations who have had limited opportunities for epidemio-
logic training to address many of the specialized needs outlined in
this article. Such innovative programs could enable epidemiologists
practicing at even the smallest health department or a masters or
doctoral student in the smallest program greater access to
advanced and specialized training.

To implement new competencies, a shift in focus needs to occur
not only in the classroom but also through one-to-onementoring in
research and practice settings. Mentoring has been shown to have
clear and numerous benefits (in particular research productivity
and career success [54]) and should follow a set of evidence-
informed competencies to enhance effectiveness [55,56] and
bridge with disciplines outside of health [11].

A call to action

Based on our review of macro trends, the next generation of
epidemiologists will need a set of skills that goes beyond the
training currently being delivered. We should seek out innovative
and creative ways of delivering epidemiologic training to keep pace
with these trends [23,24,57] and extend the venues in which
training occurs. We anticipate that the current findings will stim-
ulate engagement and actions by numerous sectors and organiza-
tions. Addressing the issues raised in this article should allow
epidemiology to more fully reach and sustain its full potential and
remain a scientific discipline that makes critical contributions to-
ward ensuring clinical, social, and population health.

Acknowledgment

The authors are grateful for the input of Ms. Anna Hardy and
Pam Hipp and Drs. David Celentano, Steve Goodman, Kim Johnson,
and Andy Olshan.
References

[1] Hax AC, Majluf NS. The corporate strategic planning process. Interfaces
1984;14(1):47e60.

[2] Samet J, Brownson R. Epidemiology in a changing world. Am J Prev Med
2014;47(5 Suppl 3):S383e5.

[3] Keyes KM, Galea S. Current practices in teaching introductory epidemiology:
how we got here, where to go. Am J Epidemiol 2014;180(7):661e8.

[4] Lengerich EJ, Siedlecki JC, Brownson R, Aldrich TE, Hedberg K, Remington P,
et al. Mentorship and competencies for applied chronic disease epidemiology.
J Public Health Manag Pract 2003;9(4):275e83.

[5] Lichtveld M, Boulton M, Lemmings J, Gale J. From competencies to capacity:
assessing the national epidemiology workforce. Public Health Rep
2008;123(Suppl 1):128e35.

[6] Parry S. Just what is a competency (and why should we care?). Training
1998;35:58e64.

[7] Thacker SB, Brownson RC. Practicing epidemiology: how competent are we?
Public Health Rep 2008;123(Suppl 1):4e5.

[8] Association of Schools and Programs of Public Health. MPH Core Competency
Model. Washington, DC: ASPPH; 2014. Available from: http://www.aspph.org/
educate/models/mph-competency-model/ [accessed 19.10.2014].

[9] Lee NL, Samet JM. ACE forum report: the making of an epidemiologiste
necessary components for doctoral education and training. Ann Epidemiol
2003;13(8):552e6.

[10] Khoury MJ, Gwinn M, Ioannidis JP. The emergence of translational epidemi-
ology: from scientific discovery to population health impact. Am J Epidemiol
2010;172(5):517e24.

[11] Khoury MJ, Lam TK, Ioannidis JP, Hartge P, Spitz MR, Buring JE, et al. Trans-
forming epidemiology for 21st century medicine and public health. Cancer
Epidemiol Biomarkers Prev 2013;22(4):508e16.

[12] Spitz MR, Lam TK, Schully SD, Khoury MJ. The next generation of large-scale
epidemiologic research: implications for training cancer epidemiologists.
Am J Epidemiol 2014.

[13] Council of State and Territorial Epidemiologists. Competencies for Applied
Epidemiologists in Governmental Public Health Agencies. Atlanta, GA: CSTE;
2014. Available from: http://www.cste.org/group/CSTECDCAEC [accessed
19.10.2014].

[14] Birkhead GS, Davies J, Miner K, Lemmings J, Koo D. Developing competencies
for applied epidemiology: from process to product. Public Health Rep
2008;123(Suppl 1):67e118.

[15] Chalmers I, Bracken MB, Djulbegovic B, Garattini S, Grant J, Gulmezoglu AM,
et al. How to increase value and reduce waste when research priorities are set.
Lancet 2014;383(9912):156e65.

[16] Hiatt RA. Epidemiology: key to translational, team, and transdisciplinary sci-
ence. Ann Epidemiol 2008;18(11):859e61.

[17] Hiatt RA. Invited commentary: the epicenter of translational science. Am J
Epidemiol 2010;172(5):525e7. discussion 8e9.

[18] Kerner JF. Knowledge translation versus knowledge integration: a “funder’s”
perspective. J Contin Educ Health Prof 2006;26(1):72e80.

[19] Khoury MJ, Clauser SB, Freedman AN, Gillanders EM, Glasgow RE, Klein WM,
et al. Population sciences, translational research, and the opportunities and
challenges for genomics to reduce the burden of cancer in the 21st century.
Cancer Epidemiol Biomarkers Prev 2011;20(10):2105e14.

[20] Koo D, Birkhead GS, Reingold AL. Competency-based epidemiologic training in
public health practice. Public Health Rep 2008;123(Suppl 1):1e3.

[21] Koo D, Miner K. Outcome-based workforce development and education in
public health. Annu Rev Public Health 2010;31:253e69. 1 p following 69.

[22] Maylahn C, Bohn C, Hammer M, Waltz E. Strengthening epidemiologic com-
petencies among local health professionals in New York: teaching evidence-
based public health. Public Health Rep 2008;123(Suppl 1):35e43.

[23] Samet JM, Ness RB. Epidemiology, austerity, and innovation. Am J Epidemiol
2012;175(10):975e8.

[24] Ness RB. Tools for innovative thinking in epidemiology. Am J Epidemiol
2012;175(8):733e8.

[25] Sonstein S, Seltzer J, Li R, Silva H, Thomas Jones C, Daemen E. Moving from
compliance to competency: a harmonized core competency framework for
the clinical research professional. Clin Res 2014:17e23.

[26] Gang-Hoon K, Silvana T, Ji-Hyong C. Big-data applications in the government
sector. Commun ACM 2014;57(3):78e85.

[27] Krumholz HM. Big data and new knowledge in medicine: the thinking,
training, and tools needed for a learning health system. Health Aff (millwood)
2014;33(7):1163e70.

http://refhub.elsevier.com/S1047-2797(15)00086-1/sref1
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref1
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref1
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref2
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref2
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref2
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref3
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref3
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref3
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref4
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref4
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref4
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref4
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref5
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref5
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref5
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref5
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref6
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref6
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref6
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref7
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref7
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref7
http://www.aspph.org/educate/models/mph-competency-model/
http://www.aspph.org/educate/models/mph-competency-model/
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref9
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref9
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref9
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref9
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref10
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref10
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref10
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref10
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref11
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref11
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref11
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref11
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref12
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref12
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref12
http://www.cste.org/group/CSTECDCAEC
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref14
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref14
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref14
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref14
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref15
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref15
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref15
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref15
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref16
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref16
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref16
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref17
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref17
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref17
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref17
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref18
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref18
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref18
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref19
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref19
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref19
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref19
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref19
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref20
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref20
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref20
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref21
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref21
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref21
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref22
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref22
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref22
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref22
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref23
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref23
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref23
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref24
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref24
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref24
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref25
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref25
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref25
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref25
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref26
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref26
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref26
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref27
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref27
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref27
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref27


R.C. Brownson et al. / Annals of Epidemiology 25 (2015) 458e465 465
[28] Khoury MJ, Ioannidis JP. Medicine. Big data meets public health. Science
2014;346(6213):1054e5.

[29] Spitz MR, Caporaso NE, Sellers TA. Integrative cancer epidemiologydthe next
generation. Cancer Discov 2012;2(12):1087e90.

[30] McNab C. What social media offers to health professionals and citizens. Bull
World Health Organ 2009;87(8):566.

[31] Shaw FE, Asomugha CN, Conway PH, Rein AS. The Patient Protection and
Affordable Care Act: opportunities for prevention and public health. Lancet
2014;384(9937):75e82.

[32] Kassler WJ, Tomoyasu N, Conway PH. Beyond a traditional payerdCMS’s role
in improving population health. N Engl J Med 2015;372(2):109e11.

[33] Kim S, Shin E-H. A longitudinal analysis of globalization and regionalization in
international trade: a social network approach. Social Forces2002;81(2):445e68.

[34] Pearce N. The globalization of epidemiology: introductory remarks. Int J Epi-
demiol 2004;33(5):1127e31.

[35] Blaser M. Missing microbes. How the overuse of antibiotics is fueling our
modern plagues. New York: Henry Holt and Company; 2014.

[36] Collins FS, Varmus H. A new initiative on precision medicine. N Engl J Med
2015.

[37] Hripcsak G, Bloomrosen M, Flately Brennan P, Chute CG, Cimino J, Detmer DE,
et al. Health data use, stewardship, and governance: ongoing gaps and chal-
lenges: a report from AMIA’s 2012 Health Policy Meeting. J Am Med Inform
Assoc 2014;21(2):204e11.

[38] McKinlay JB, Marceau LD. Upstream healthy public policy: lessons from the
battle of tobacco. Int J Health Serv 2000;30(1):49e69.

[39] Nasca PC. Current problems that are likely to affect the future of epidemiology.
Am J Epidemiol 1997;146(11):907e11.

[40] Pearce N. Traditional epidemiology, modern epidemiology, and public health.
Am J Public Health 1996;86(5):678e83.

[41] Shy CM. The failure of academic epidemiology: witness for the prosecution.
Am J Epidemiol 1997;145(6):479e84. discussion 85e7.

[42] Susser M, Susser E. Choosing a future for epidemiology: II. From black box to
Chinese boxes and eco-epidemiology. Am J Public Health 1996;86(5):674e7.

[43] Susser M, Susser E. Choosing a future for epidemiology: I. Eras and paradigms.
Am J Public Health 1996;86(5):668e73.
[44] Glasgow RE, Vinson C, Chambers D, Khoury MJ, Kaplan RM, Hunter C. National
Institutes of Health approaches to dissemination and implementation science:
current and future directions. Am J Public Health 2012;102(7):1274e81.

[45] Committee to Review the Clinical and Translational Science Awards Program
at the National Center for Advancing Translational Sciences. The CTSA pro-
gram at NIH: opportunities for advancing clinical and translational research.
Washington, DC: Institute of Medicine of The National Academies; 2013.

[46] Lenfant C. Shattuck lecturedclinical research to clinical practicedlost in
translation? N Engl J Med 2003;349(9):868e74.

[47] Zerhouni E. Medicine. The NIH roadmap. Science 2003;302(5642):63e72.
[48] Hall KL, Feng AX, Moser RP, Stokols D, Taylor BK. Moving the science of team

science forward: collaboration and creativity. Am J Prev Med 2008;35(2
Suppl):S243e9.

[49] Lam TK, Spitz M, Schully SD, Khoury MJ. “Drivers” of translational cancer
epidemiology in the 21st century: needs and opportunities. Cancer Epidemiol
Biomarkers Prev 2013;22(2):181e8.

[50] Stephens M, editor. Epidemiology and the Federal Government: A Critical but
Fragile Partnership. Annual Meeting American College of Epidemiol;
September 9, 2014. Silver Spring, MD; 2014.

[51] Terris M. The Society for Epidemiologic Research (SER) and the future of
epidemiology. Am J Epidemiol 1992;136(8):909e15.

[52] Friis R. Epidemiology 101. Sudbury, MA: Jones and Bartlett; 2010.
[53] Brownson RC, Samet JM, Thacker SB. Commentary: what contributes to a

successful career in epidemiology in the United States? Am J Epidemiol
2002;156(1):60e7.

[54] Sambunjak D, Straus SE, Marusic A. Mentoring in academic medicine: a sys-
tematic review. JAMA 2006;296(9):1103e15.

[55] Pfund C, House SC, Asquith P, Fleming MF, Buhr KA, Burnham EL, et al.
Training mentors of clinical and translational research scholars: a randomized
controlled trial. Acad Med 2014;89(5):774e82.

[56] Brownson RC. Practice-research partnerships and mentoring to foster
evidence-based decision making. Prev Chronic Dis 2014;11:E92.

[57] Hiatt RA, Sulsky S, Aldrich MC, Kreiger N, Rothenberg R. Promoting innovation
and creativity in epidemiology for the 21st century. Ann Epidemiol
2013;23(7):452e4.

http://refhub.elsevier.com/S1047-2797(15)00086-1/sref28
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref28
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref28
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref29
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref29
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref29
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref29
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref30
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref30
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref31
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref31
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref31
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref31
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref32
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref32
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref32
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref32
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref33
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref33
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref33
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref34
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref34
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref34
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref35
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref35
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref36
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref36
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref37
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref37
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref37
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref37
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref37
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref38
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref38
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref38
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref39
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref39
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref39
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref40
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref40
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref40
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref41
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref41
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref41
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref41
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref42
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref42
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref42
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref43
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref43
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref43
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref44
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref44
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref44
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref44
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref45
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref45
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref45
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref45
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref46
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref46
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref46
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref46
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref46
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref47
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref47
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref48
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref48
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref48
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref48
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref49
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref49
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref49
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref49
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref50
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref50
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref50
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref51
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref52
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref52
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref52
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref52
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref53
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref53
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref53
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref54
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref54
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref54
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref54
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref55
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref55
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref56
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref56
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref56
http://refhub.elsevier.com/S1047-2797(15)00086-1/sref56

	Charting a future for epidemiologic training
	Background
	Data collection and synthesis
	Findings
	Macro trend 1: the growing availability of “Big Data” or informatics
	Macro trend 2: the changing health communication environment
	Macro trend 3: the Affordable Care Act or health care system reform
	Macro trend 4: shifting demographics
	Macro trend 5: globalization
	Macro trend 6: emerging high-throughput technologies (omics)
	Macro trend 7: a greater focus on accountability
	Macro trend 8: privacy changes
	Macro trend 9: a greater focus on “upstream” causes of disease
	Macro trend 10: the emergence of translational sciences
	Macro trend 11: the growing centrality of team and transdisciplinary science
	Macro trend 12: the evolving funding environment

	Implications for epidemiologic training
	A call to action
	Acknowledgment
	References


