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Abstract
Over the past decade, the body of research linking energy balance to the incidence, development,
progression and treatment of cancer has grown substantially. No prior NIH portfolio analyses have
focused on energy balance within one institute. This portfolio analysis describes the growth of
National Cancer Institute (NCI) grant research on energy balance–related conditions and behaviors
from 2004 to 2010 following the release of an NCI research priority statement in 2003 on energy
balance and cancer-related research. Energy-balance grants from fiscal years (FY) 2004 to 2010
were identified using multiple search terms and analyzed between calendar years 2008 and 2010.
Study characteristics related to cancer site, design, population and energy-balance area (physical
activity, diet, and weight) were abstracted.

From FY2004 to FY2010, the NCI awarded 269 energy balance–relevant grants totaling $518
million. In FY2010, 4.2% of NCI’s total research project grants budget was allocated to energy-
balance research, compared to 2.1% in FY2004. The NCI more than doubled support for
investigator-initiated research project grants (R01), and increased support for cooperative
agreement (U01, U54) and exploratory research (R21) grants. In the portfolio, research examining
energy-balance areas in combination accounted for 41.6%, and observational and interventional
studies were equally represented (38.3% and 37.2%, respectively). Breast cancer was the most
commonly studied cancer. Inclusion of minorities rose, and funding specific to cancer survivors
more than doubled. From FY2004 to FY2010, NCI’s investment in energy-balance and related
health behavior research showed growth in funding and diversity of mechanisms, topics and
disciplines—growth that reflects new directions in this field.

Introduction
During the past decade, research linking energy balance to the initiation, development,
progression and treatment of cancer has grown substantially. Energy balance–related
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conditions and health behaviors, including overweight, obesity, physical inactivity, and poor
diet have been linked to increased incidence of many cancers.1–4 Several estimates of
population-attributable risk suggest excess body fat may account for 3%–9% of all cancers
and one fifth to one third of postmenopausal breast, colon, endometrial, kidney, and
digestive cancers.5–8 Associations between energy balance and related health behaviors and
poor quality of life, recurrence and mortality have also been identified in cancer
survivors.9–13 Such evidence is particularly important given that approximately two thirds of
U.S. adults are overweight or obese,14 and physical inactivity,15 sedentary behavior,16 and
poor diet17 are common.

As the principal federal funding agency of biomedical research in the U.S., the NIH, housed
in the DHHS, supports more than 90% of obesity research in the country through its 27
institutes and centers.18 In 2003, the National Cancer Institute (NCI) formally identified
energy balance as a strategic research area.19 The priorities in the plan were informed by the
NCI Energy Balance Working Group, which convened staff across programs and divisions
with an expertise in research on diet/nutrition, physical activity, and weight across the range
of research areas represented in NCI-funded grants, including behavioral science,
epidemiology, genomics, surveillance, and applied research. In 2005, the NIH created an
agency-wide task force to accelerate progress in obesity research: the NIH Obesity Research
Task Force (ORTF), which published the NIH obesity research strategic plan21 that was
updated in 2011.20,22

Together these plans and reports illustrated the growing consensus around the importance of
energy balance and chronic disease, including cancer, and the need for coordinated research.
In its 2003 research priority statement, NCI defined energy balance as:

“the integrated effects of diet, physical activity, and genetics on growth and body weight and
cancer related research that encompasses research over the life course, across the cancer
continuum and across stages and phases of cancer from the level of the cell to that of
policy.”19 Energy balance was described in this strategic document as four primary goals:
discovery, surveillance, measurement, and intervention delivery. This definition and these
elements of energy balance served as the basis of the criteria used in this portfolio analysis.

The discovery goal sought to foster research that integrated weight, physical activity, and
diet, along with genetic and environmental factors, and the cancer development process
through investment in basic, clinical and transdisciplinary research. The second goal,
surveillance, focused on monitoring trends and determinants related to diet, physical
activity, weight and related factors through collaboration with surveillance efforts across
federal agencies and development of new survey instruments. The third, measurement,
aimed to expand validation research, the development of electronic monitoring and web-
based instruments and the identification of novel biomarkers. The last, intervention delivery,
encouraged research related to planning, implementing and evaluating dietary and physical
activity interventions. NCI’s energy-balance initiative addressed the need for research to
broaden from a focus on cellular- and individual-level research to research on how the
individual responds to the diverse social, environmental and physical environments that may
either hinder or facilitate the adoption of recommended health behaviors.

Since then, substantial investments have been made in advancing energy-balance and cancer
research in scope and complexity to enhance understanding of the underlying biological
mechanisms as well as the influence of social–environmental and policy forces at the
population level. In 2007, the World Cancer Research Fund advocated for research designs
that emphasized dietary and lifestyle patterns and habits over individual nutrients or nutrient
classes, indicating a shift from traditional perspectives on nutrition and cancer.1
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In addition, new research has emerged on the benefits of physical activity in reducing
recurrence and mortality and improving quality of life in cancer survivors.23,24 The 2011
NIH ORTF’s revised plan for obesity research calls for transdisciplinary approaches that
integrate research on biologic mechanisms regulating energy balance with focus on
disseminating, implementing and evaluating multilevel energy-balance interventions.22 NCI
strategic planning and initiatives are consistent with many components of this new plan.

Given the evolution of the field and the growing prevalence of energy balance–related
conditions and health behaviors, a review of the extramural grant portfolio for NCI, one of
the leading funders of research on the topic, is timely. Earlier portfolio analyses of obesity
research across the NIH have been performed, and they reflect the specific aspects of obesity
treatment and intervention approaches as related to chronic disease prevention, but do not
reflect specific energy balance– and cancer-related challenges that have recently emerged.
This NCI portfolio analysis describes the growth of investigator-initiated research supported
by NCI on energy balance–related conditions and behaviors over the past 7 years.

Portfolio Analysis Methods
To identify and describe relevant grants, public-use and internal NIH and NCI extramural
grant databases were searched for awards related to energy balance funded between FY2004
and FY2010. The publically available NIH Research Portfolio Online Reporting Tool:
Expenditures and Results (RePORTER) was used to implement the search strategy, identify
relevant grants and abstract key characteristics; additional attributes related to study design
were identified through internal NCI grant records. The NCI component of the NIH obesity
research portfolio was not used for this analysis as it is focused on obesity and not the
broader field of energy balance– and cancer-related research.

Search Strategy and Inclusion Criteria
A text search strategy was used to identify NCI grants in this research area. The NCI’s 2003
definition of energy balance (quoted above) was used to guide the selection of search terms,
which were reviewed by NCI subject matter experts. Abstracts and titles of grant
applications were queried for multiple combinations of the following terms: energy balance,
physical activity, fitness, exercise, obesity, body mass, energetics, diet, weight gain, loss and
control, sex hormones, IGF factors, inflammation, oxidative stress, adipokines, behavioral
interventions, policy, economics, genetics, surveillance, assessment, built environment, and
animal models. The search included all components of energy balance, as described in the
NCI definition. Grants examining a specific component of energy balance (i.e., diet,
physical activity, or weight) were included and reported individually, as were studies
examining energy balance in an integrated manner.

The search was limited to grants for which the NCI was the primary funder and those
supported through research project, cooperative agreement, developmental, and small
business mechanisms of varying dollar awards. The specific types of awards are listed in
Figure 1. Excluded grants included those related to training, conferences, cancer centers, and
grants focused on dietary supplements and micronutrients without any mention of energy
balance in the application abstract.

Grants were included on the basis of their relevance to at least one of the four energy-
balance goals in the NCI’s 2005 budget: discovery, surveillance, measurement, and
intervention delivery. All study types were assessed, including basic and animal model,
observational and descriptive, intervention, measurement and surveillance, and
dissemination studies. Grants with titles that did not relate in any way to one of the four
goals were excluded. The titles and abstracts for grants identified through the search strategy
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were reviewed to determine eligibility for inclusion. Discrepancies regarding coding by goal
area were resolved through discussion.

Coding and Analysis
In addition to basic funding and administrative details, study characteristics related to cancer
site, design, and study population were abstracted. Study location in the U.S. or abroad was
not abstracted. The grants were categorized by topics (i.e., physical activity, diet, and
weight), which were broadly defined as the primary measure of energy balance addressed in
the grant application. Each topic spans multiple levels of research, including basic science,
genetics, cellular mechanisms and animal models, epidemiologic and observational research,
surveillance, measurement/validation, and intervention development and delivery. In
abstracting information regarding study population, studies were categorized by their
percentage share of minority participants, as described in the grant application (5%–24%,
25%–49%, 50%–75%, 76%–100%). The data were analyzed between 2008 and 2010.

Portfolio Analysis Results
Between FY2004 and 2010, the NCI awarded 269 research grants totaling approximately
$518 million related to energy-balance conditions, mechanisms, markers and health
behaviors, of a total of approximately $15 billion spent on research grants during that
period. Over the 7 years, the NCI’s energy-balance grant-based research, including
investigator-initiated and directed-funding research, doubled in terms of awards and
funding. In FY2004, the NCI funded 5467 grants, of which 64 were energy-balance specific
(1.2%); in FY2010, that number rose to 155 (3.1%), while the total number of grants
declined to 5079.

The relative amount of funding also doubled, from 2.1% of the total research project grants
budget in FY2004 (approximately $45.6 million of $2.1 billion) to 4.2% in FY2010
(approximately $90.8 million of $2.2 billion). A doubling occurred in the number of grants
and amount of funding for investigator-initiated research project grants (R01), and increases
occurred in cooperative agreement (U01, U54) and smaller exploratory research (R21)
awards (Figure 1). R01 grants accounted for a smaller percentage of the overall energy-
balance portfolio in FY2010 than in FY2004 in terms of number of grants (a change of
−7.8%), whereas R21 and U54/U01 grants accounted for a larger percentage (changes of
+8.0% and +12.6%, respectively). Grants responding to energy balance–specific program
announcements and requests for applications accounted for just above one quarter (27.9%)
of the portfolio.

Topic Areas, Research Themes, and Cancer Sites
In terms of funding, research examining diet, physical activity, and weight together
accounted for the largest proportion (41.6%) of the portfolio; diet alone accounted for about
one third (35.4%), and physical activity alone accounted for about one sixth (16.2%). Table
1 provides a broad overview of the themes and some selected examples of topics addressed
in the global areas of diet, physical activity, and weight by the four priority areas of the 2005
NCI budget. Research on diet and physical activity grew by approximately two thirds in
terms of funding and +156.3% and +88.2%, respectively, in number of grants funded
(Figure 2a).

Over the 7 years, the NCI nearly doubled investment in discovery, or research on how body
weight, physical activity, and diet, along with genetic and environmental factors, interact
over a lifetime to influence the cancer process (approximately $48 million in FY2010 versus
$27 million in FY2004, a change of + 172.0% in number of grants. The NCI more than
doubled its investment in accelerating and developing interventions related to energy-
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balance behaviors (approximately $24 million in FY2010 versus $8 million in FY2004, a
change of +123.1% in terms of the number of grants). These two broad themes of the 2005
NCI budget accounted for more than three quarters (79.3%) of the NCI’s energy-balance
grant funding.

In the area of discovery, the largest proportion of the funding (79.5%) supported large
epidemiologic studies of cancer risk and prognosis. Funding for energy balance–related
basic science research increased in the later years of FY2009 and FY2010 to about $7
million for each of those 2 years. Although support for developing and validating measures
related to energy balance also increased substantially (from four grants in FY2004 to 13 in
FY2010), it accounted for a relatively modest proportion of the overall portfolio (7.0%) in
terms of funding. Whereas investment in extramural surveillance remained at a sustained
level, such efforts are complemented by contracts and intra-agency agreements to enhance
related surveillance and research.

Of grants specific to one type of cancer, the most common focus was breast cancer (39.5%),
followed by colorectal/gastric (26.6%); prostate (11.0%); hematologic, (12.8%); and
gynecologic (4.6%) cancers. Although support for breast cancer rose and remained high
throughout the FY2004–FY2010 period, the most notable changes were in colorectal/gastric
and prostate cancers (+20.8% and +9.4% of total grants specific to one type of cancer,
respectively), particularly during the latter years of this period.

Study Design and Population
Interventions and RCTs accounted for 38.3% of all energy-balance grants, followed closely
by descriptive and observational studies at 37.2%. Interventions and measurement
development studies experienced the most substantial growth with respect to the number of
awards funded, followed closely by basic science and observational studies (Figure 2b). In
the basic sciences, grants were divided among cell cultures (n=11); animal models (n=20);
and humans (n=11). Animal model research was limited to mouse and rat models.

The large majority of participants in studies with human subjects were adults. Funding for
studies focusing on children or mixed-age populations remained substantially lower
throughout the 7-year period. Research inclusive of minorities rose throughout the FY2004–
FY2010 period; each category of minority representation rose substantially (5%–24%, 25%–
49%, 50%–75%, 76%–100%). The amount of support for studies with 5%–24% minority
participants more than quadrupled, and those with 25%–49% more than doubled. Funding
for studies specific to cancer survivors more than doubled between FY2004 and FY2010
(+125.0 %).

Discussion
This portfolio analysis provides insight into NCI’s growing investment in research on
energy balance–related health conditions and behaviors and highlights important changes in
the research portfolio. Between FY2004 and FY2009, NCI and its NIH partners issued a
number of funding opportunities relevant to energy balance, addressing issues related to
improving exposure assessment, geographic and contextual influences, and economics.
Recently released funding opportunities address issues in policy-relevant research, including
enhancing environmental measures and examining school-based polices on energy balance–
related behaviors. A complete list of available funding opportunities can be accessed at
NCI’s website (cancercontrol.cancer.gov/energy_balance/funding.html). These findings
indicate a strong response from extramural investigators, as NCI’s energy-balance portfolio
has doubled in size, from 64 to 155 grants in FY2004 and FY2010, respectively, an increase
from 2.1% to 4.2 % of NCI’s total research project grant portfolio.
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The type of research being done has changed over the 7-year period. Whereas RCTs and
interventions and descriptive and observational studies remained the most commonly
utilized study designs, research on measurement and on basic science both doubled between
FY2004 and FY2010. Additionally, the increased proportion of exploratory grants (R21s)
and cooperative agreements (U54s and U01s) reflects greater use of exploratory and
developmental research approaches and use of transdisciplinary research teams within
targeted funding initiatives, such as the Transdisciplinary Research in Energetics and Cancer
(TREC) (www.trecscience.org).

These findings also identify opportunities for additional research in basic science and
implementation science. In the area of basic science, NCI’s Provocative Questions funding
opportunity, issued in August 2011, included several questions related to the molecular
mechanisms linking obesity, behaviors, and cancer risk. Further, NCI has supported
workshops related to areas pertinent to energy balance and cancer; research gaps and
opportunities from many of these have been summarized in publications.25–27 NIH obesity
conferences have identified topics relevant to research on obesity and cancer. The limited
number of NCI grants supporting implementation science reflects the state of cancer-related
energy-balance research, which is focused on earlier phases of discovery research—rather
than on implementation research designed to identify best approaches for widespread
adoption in practice.

The increasingly interdisciplinary nature of the field is reflected by the high proportion
(42%) of the portfolio examining physical activity, diet, and weight in combination. A
leading example of such an activity is the TREC Initiative, which supports academic centers
that integrate basic science and population-based research examining diet, weight, and
physical activity and their effects on energy balance and cancer. The initiative also advances
training in interdisciplinary approaches.

The analysis identified many studies examining the effects of energy balance on quality of
life and biomarkers, but a limited number of RCTs on energy balance and cancer outcomes.
A number of NIH trials have demonstrated the efficacy of weight loss in reducing risk for
several chronic diseases. These trials and other research have demonstrated that it would not
be feasible to conduct a weight loss trial of cancer prevention because the benefits for
prevention of other chronic diseases would be demonstrated, and the trial consequently
stopped, before the effect of weight loss on the prevention of cancer became evident.
However, feasibility trials on weight loss or physical activity interventions in cancer patients
and survivors are exploring the potential to test the effect of these interventions on disease
outcomes.

Responsiveness to federal and scientific priorities is also illustrated by this analysis, as
shown by: the increase in minority participants in many studies; inclusion of and focus on
cancer survivors; and the rapidly increasing attention on colorectal/gastric, prostate, and
hematologic cancers. In addition to research on the effect of energy balance with onset of
cancer in adult life, research is expanding on the association of birth weight with both
childhood and adult onset cancers. Because of the substantial amount of evidence that
suggests it is difficult to reverse obesity once it occurs, a majority of research related to
obesity prevention is focused on children and their early life experiences. In this area, NCI is
supporting a modest, albeit growing, amount of research on children. These trends are
consistent with strategic priorities developed and pursued by the NCI and NIH, as well as
the overall evolution of the field.
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Limitations
The limitations to this analysis should be considered, and caveats should be addressed
regarding potential comparisons of this analysis to existing NIH summaries of nutrition- or
obesity-related research. The definition of energy balance and related health behavior
research used for this analysis may have resulted in omission of some relevant studies.
However, for the purposes of tracking trends over time, it is unlikely that the analysis would
have changed in the completeness of identification of relevant grants.

Among included studies, the multiple relevant topic areas or cancer sites may have been
coded and characterized in a manner that does not fully reflect the multidimensional nature
of a specific grant. Further, the comparability of the analysis to NIH reports of obesity-
related grant funding is limited, as the search terms were different than those used in public
NIH obesity research portfolios. This analysis is inclusive of energy-balance conditions and
health behaviors, whereas the NIH portfolio specific to obesity is more restricted in focus.
The coding categories used in the review were relevant to the NCI 2005 budget energy-
balance research priorities and are not comparable to other NIH portfolio analyses.
Additionally, given the nature of the text search strategy used in this analysis and study
details not being reported in public and internal databases, grants may have been
unintentionally omitted.

As always, the process by which grants were determined to be eligible for inclusion required
interpretation and judgment. Although it was conducted with specific criteria, some grants
may involve multiple research designs and might be categorized in several areas. However,
the broad themes and patterns represented are likely reflective of trends in research support
in the field. Lastly, no adjustments were made to account for either fluctuations in NCI
funding levels due to federal budgetary issues during the FY2004–FY2010 period or
economic inflation.

Conclusion
As the study of energy balance continues to grow in complexity, research opportunities
spanning multiple conditions, levels and behaviors will become increasingly necessary. To
meet this challenge, institutes across the NIH increasingly collaborate in the development
and support of funding opportunities in this area, with coordination from the NIH-wide
ORTF. Issued more frequently than previously, these co-funded opportunities represent a
close scientific and programmatic partnership across disciplines and areas of expertise
common to each institute and NCI’s active involvement. Trans-agency and public/private
research coordination is furthered by the National Collaboration on Childhood Obesity
Research (NCCOR), which is focused on research at the policy and environmental level
relevant to children, families, and the communities in which they live, play, and work and
reflects a partnership between NIH, the U.S. Department of Agriculture, the CDC, and
Robert Wood Johnson Foundation (www.nccor.org).

A recent projection of the future health and economic burden of obesity from 2013 to 2030
in the United Kingdom and the U.S. estimated that continuation of existing trends in obesity
will lead to between 405,000 and 539,000 additional cases of cancer in the U.S. by 2030.28

The attendant direct cost of combined medical costs for treatment of the multiple diseases
related to obesity was estimated to increase by $48 to 66 billion per year in the U.S. In
addition to medical costs, indirect costs of obesity include decreased years of disability-free
life, increased early mortality, loss of years of productive work, higher disability costs,
increased work absenteeism and reduced productivity.29 Physical inactivity, independent of
obesity, also results in excessive direct medical costs.29
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Such estimates indicate a need for an increased focus on obesity-prevention research in
concert with research to gain a more in-depth understanding of the potential to prevent
obesity as well as the link between energy balance and cancer risk and prognosis. NCI’s
commitment to advancing research in this field is indicated by the expansion of investigator-
initiated research as well as program-developed research initiatives, most recently in the
2011 NCI Provocative Questions Request for Applications that called for research on
cellular and molecular mechanisms that underlie observed obesity and cancer risk
associations.
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Figure 1.
Number of energy-balance grants at the NCI by funding mechanism, FY2004 and FY2010
Note: Grants that accounted for less than 3% of the portfolio are not included in this figure.
FY, fiscal year; NCI, National Cancer Institute
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Figure 2.
Trends in the number of energy-balance research grants at the NCI by: (a) study topic area;
and (b) design, both for FY2004–FY2010
Note: The solid line labeled “total number of grants” indicates all energy-balance research
grants funded by NCI over the time period. Topics were broadly defined and categorized as
the primary measure of energy balance addressed in the grant application. Each topic spans
multiple levels of research, including basic science, genetics, cellular mechanisms and
animal models, epidemiologic and observational research, surveillance, measurement/
validation, and intervention development and delivery. Grants that examined energy balance
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more broadly or outside the context of diet, physical activity, or weight are not included in
this figure.
FY, fiscal year; NCI, National Cancer Institute
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Table 1

Research themes and examples of selected topics in grants by NCI energy-balance goal area

NCI Energy-Balance Goals % of Grant
Portfolio

Goal 1: Discover how body weight, physical activity, and diet, along with genetic and environmental factors, interact over a
lifetime to influence the cancer process.

37.8

EXAMPLES OF TOPICS

Animal model/basic science

      Molecular-nutrient interactions; fiber, gut microflora and epigenetic events; refined fructose; insulin and IGF-1 pathways;
inflammation and obesity; Tsc-Mtor pathway in energy metabolism; metabolic syndrome and fatty acid synthesis; exercise
mediated protection against brain metastases

Descriptive/observational

      Dietary patterns and diet quality; foods ads and PSAs on obesity; genetic and endocrine pathways in obesity; IGF and IL-6
dysregulation; physical activity and smoking; effects of caffeine, exercise, and lipectomy; obesity and H. pylori; maternal
obesity and intrauterine gene expression

Intervention/RCTs

      Effects of exercise on melatonin and sleep; self-determination theory and lifestyle behaviors; body size and physical
activity; adolescent diet and hormones; postprandial glycemic response by dietary glycemic load; effects of smart community
growth on obesity prevention

Goal 2: Monitor trends in and determinants of diet, weight, and physical activity and their cancer-related consequences across
diverse populations by expanding nationwide research and health surveillance infrastructure.

5.8

Examples of topics (all are descriptive/observational)

      Neighborhood food availability, consumer economics and sentinel foods; trends in economic position and diet; diet,
activity, obesity and built environment; multilevel exploration of obesity risk; weight gain in cancer survivors; lifecourse
energy balance and cancer risk

      Goal 3: Develop improved measurement of body mass and composition, physical activity and fitness, and diet and bioactive
food components through self-report measures and advances in technology for objective reference measures.

11.6

Examples of topics

      Survey to assess diet and activity environments in the home; validation of web-based dietary assessment tools; real-time
recording of diet and physical activity; tool to develop food availability in the home; tool for geospatial analysis of physical
activity; validation of preschool and high school diet recall

      Goal 4: Improve cancer-related health outcomes, especially in high-risk populations, by accelerating research in energy
balance–related behaviors and developing interventions.

44.8

Examples of topics (most are intervention/RCT)

      Reducing cancer recurrence with weight loss; family eats, cancer prevention; diet composition and weight control;
Mediterranean diet; supermarkets and diet behaviors; exercise for bone health in cancer survivors; physical activity and
lymphedema; active video games and physical activity; worksite wellness for the web; school policy and youth obesity
prevention; resistance training and smoking cessation

Note: Percentage of portfolio corresponds to the number of grants. The specific cancers addressed are not listed under topic areas.
NCI, National Cancer Institute
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