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Preface 

U.S. military personnel have been engaged in operations in Central Asia and the 
Middle East for the past decade. Members of the armed forces also deploy to other 
regions of the world. Many aspects of deployments have the potential to contribute to 
individual stress, such as uncertainty about deployment time lines; culture shock in 
theater; fear of or confrontation with death or physical injury; environmental challenges, 
such as extreme climates and geographical features; austere living conditions; separation 
from friends and family members; and reintegration after deployment. Service members 
and their families also manage other military-related stressors, such as frequent 
relocations, long work hours, and the additional family separations associated with 
unaccompanied tours and domestic training exercises. Some service members and their 
families may cope well or even thrive as they overcome adversity and accomplish 
challenging tasks. However, some may suffer negative consequences as a result of 
military-related stressors, such as physical injury, including traumatic brain injury; 
depression, anxiety, or other mood disorders; posttraumatic stress disorder; spiritual 
crises; substance abuse; family dysfunction; marital problems and dissolutions; social 
isolation; and in extreme cases, even suicide or suicide attempts. With the aim of 
preventing such deleterious outcomes rather than simply responding to them, the study of 
resilience is of paramount importance. 

The Air Force offices of Airman and Family Services (AF/A1S), the Surgeon General 
(AF/SG), and the Secretary of the Air Force, Force Management and Personnel 
(SAF/MRM) asked the RAND Corporation to help the Air Force develop its programs to 
promote resiliency among military and civilian Air Force personnel and their families. 
This report is one in a series of nine reports that resulted from that research effort.  

The overarching report, Airman and Family Resilience: Lessons from the Scientific 
Literature (Meadows and Miller, forthcoming), provides an introduction to resilience 
concepts and research, documents established and emerging Air Force resiliency efforts, 
and reviews Air Force metrics for tracking the resiliency of Air Force personnel and their 
families. It also provides recommendations to support the development of resilience 
initiatives across the Air Force. We use the term resilience to refer to the ability to 
withstand, recover from, and grow in the face of stressors and fitness, which is related, as 
a “state of adaptation in balance with the conditions at hand” (Mullen, 2010). 

Accompanying that overarching report are eight supplemental reports that outline the 
constructs, metrics, and influential factors relevant to resiliency across the eight domains 
of Total Force Fitness: 

• medical 
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• nutritional 
• environmental 
• physical 
• social 
• spiritual 
• behavioral 
• psychological. 
These supplemental reports are not intended to be a comprehensive review of the 

entire literature within a domain. Rather, they focus on studies that consider the stress-
buffering aspects of each domain, regardless of whether the term resilience is specifically 
used. This expanded the scope of the reviews to include a broader range of applicable 
studies and also allowed for terminology differences that occur across different 
disciplines (e.g., stress management, hardiness).  

In this report, we identify key constructs relevant to nutritional fitness from the 
scientific literature. The report describes measures of food intake, dietary patterns, and 
behavior and the food environment and also provides evidence on health outcomes. 
Finally, it reviews potential interventions to promote nutritional fitness, from the 
environmental level, community or context-specific level, down to the individual level. 

The results of these reports should be relevant to Air Force leaders who are tasked 
with monitoring and supporting the well-being of active duty, reserve, and guard Airmen 
and Air Force civilian employees, as well as their families. The results of our studies may 
also help broaden the scope of research on resilience and help Airmen and their families 
achieve optimal nutritional fitness. 

The research described in this report was conducted within the Manpower, Personnel, 
and Training Program of RAND Project AIR FORCE as part of a fiscal year 2011 study 
titled “Program and Facility Support for Air Force Personnel and Family Resiliency.”  

RAND Project AIR FORCE 
RAND Project AIR FORCE (PAF), a division of the RAND Corporation, is the U.S. 

Air Force’s federally funded research and development center for studies and analyses. 
PAF provides the Air Force with independent analyses of policy alternatives affecting the 
development, employment, combat readiness, and support of current and future air, 
space, and cyber forces. Research is conducted in four programs: Force Modernization 
and Employment; Manpower, Personnel, and Training; Resource Management; and 
Strategy and Doctrine. The research reported here was prepared under contract FA7014-
06-C-0001. 

Additional information about PAF is available on our website: 
http://www.rand.org/paf 

http://www.rand.org/paf
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Summary 

U.S. military personnel face many sources of stress both from deployment (e.g., 
uncertain time lines, culture shock, confrontation with physical injury and death) and 
from other sources, including frequent relocations, long work hours, and family 
separations. Many service members and their families cope well and may even thrive as 
they overcome adversity and accomplish challenging tasks. However, others may suffer 
negative consequences, such as physical injury, depression, post-traumatic stress 
disorder, marital and other family problems, and, at the extreme, even suicide or suicide 
attempts. With the aim of preventing such deleterious outcomes, an understanding of 
resilience is of paramount importance. 

The Air Force offices of Airman and Family Services (AF/A1S), the Surgeon General 
(AF/SG), and the Secretary of the Air Force, Force Management and Personnel 
(SAF/MRM) asked RAND to help the Air Force develop its programs to promote the 
resilience of military and civilian Air Force personnel and their families. In particular, the 
research sponsors asked RAND to assess the current state of resilience-related constructs 
and measures in the scientific literature and to report any evidence about initiatives that 
promote resilience across a number of domains. This report, focusing on nutritional 
fitness, is one in a series of nine reports resulting from this effort. 

Nutritional fitness for Airmen can be defined as having the nutrients needed to 
facilitate not only good health and readiness but also resilience against the physical and 
mental stressors associated with military service. Nutritional fitness contributes to 
resilience by helping service members maintain a healthy weight, protecting them against 
diet-related diseases that affect physical and cognitive functions, and reducing their 
vulnerability to stress and depression. Achieving nutritional fitness can be challenging, 
however, and a lack of it—in the form of obesity—is the leading medical reason that 
applicants fail to qualify for military service. 

Focus of This Report 

This report provides an overview of the scientific literature related to nutritional 
fitness to help the Air Force target its nutrition-related intervention efforts more 
successfully. The report has three main goals: 

• to identify existing measures developed for individual food intake 
• to understand facilitators of and perceived barriers to healthful diets, including 

psychosocial and environmental factors 
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• to understand interventions available to promote nutritional fitness.  
We will discuss the evidence addressing each of these issues in turn.  

Food Intake  

Food intake is typically measured by having individuals either (1) record their food 
consumption in real time or (2) report on their past food consumption through interviews 
and questionnaires. Real-time methods generally involve the weighted record technique 
(in which the individual weighs the food before recording the data) and the estimated 
record (in which an individual estimates the portion sizes of each individual foodstuff). 
Methods of estimating food intake from past consumption patterns include 24-hour recall, 
dietary history, and food frequency questionnaires.  

The measures employed in the most widely used method, food frequency 
questionnaires, differ in their validity and reliability, and some may not be appropriate in 
measuring the food intake of members of the military services. For example, the 
representative samples used to measure the nutrient value of foods and the weight of 
typical food portions may have nutritional needs that are not consistent with those of 
some military members, who may, for example, experience extreme climates or atypical 
levels of physical exertion. 

Research findings on food intake show that, as one might expect, the consumption of 
fruits, vegetables, whole grains, fat-free and low-fat dairy products, and seafood—along 
with limiting caloric intake—is associated with positive health outcomes. The evidence 
also shows that, to achieve the health outcomes necessary for resilience, it is crucial to 
consume fewer foods containing sodium (salt), saturated fats, trans-fats, cholesterol, 
added sugars, and refined grains.  

There is increasing research on the role of nutrition in mental health. This research 
documents the importance of specific foods and nutrients (e.g., blueberries, Omega-3 
fatty acids) on brain functioning and the role of anti-inflammatory foods in the etiology 
of depression and other psychological disorders. The hypothesis concerning the latter is 
that several of the pathways to inflammation (e.g., oxidative stress) can be sparked by 
specific foods and dietary patterns (Kiecolt-Glasser, 2010). 

Facilitators and Perceived Barriers to a Healthy Diet 

To understand facilitators and perceived barriers of food intake, the research 
literature has largely focused on fruit and vegetable intake, investigating a number of 
psychosocial factors to determine why some individuals have difficulty obtaining or 
maintaining a healthful diet. These factors include self-efficacy (i.e., confidence that one 
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can consume more fruits and vegetables), social support, attitudes and intentions, 
knowledge, motivation, religiosity, and norms.  

The research shows that individual and social factors need to work in tandem to 
achieve a nutritional pattern that foments physical and psychological resilience. For 
example, measures should not only study whether a person has the confidence that she/he 
can consume more fruits and vegetables but they should also examine whether she/he can 
do so in the face of barriers (e.g., lack of family or social support for healthy eating). The 
factors that appear most important to both adults and children are self-efficacy, social 
support, and attitudes toward healthy eating. However, much work is still needed to 
understand the role of these and other psychosocial factors, and more studies using 
reliable, validated measures are needed.  

An individual’s food intake can also be affected by environmental factors. For 
example, there is a growing body of evidence documenting the links between food 
environments, dietary behaviors, and adults’ and children’s body weight. One area of 
research has focused on the effect of supermarkets and other food outlets on diet and 
increased risk for obesity. Living nearer to a large grocery store or supermarket has been 
linked to better dietary quality as well as lower risk of obesity and other risk factors for 
chronic disease. Research on food environments, while growing, can benefit from better 
measures of food environments and more longitudinal studies  

Nutrition-Related Interventions 
Nutrition-related interventions take place on the environmental, the community, and 

the individual levels:  

• Environmental-level interventions attempt to increase the availability of healthful 
foods (1) through greater access to large-scale food retail stores, farmers’ markets, 
and community gardens; (2) by changing consumption cues in one’s environment, 
such as the size of plates and physical positioning of food in a given environment; 
and (3) by employing communication campaigns focused on dietary-related 
messages.  

• Community-specific interventions (also referred to as context-specific 
interventions) provide tools and resources to individuals that they can use to 
practice changes in dietary behavior in specific settings, such as work, school, and 
faith-based organizations.  

• Individual-level interventions often employ behavioral counseling to spark 
changes in dietary patterns. A major characteristic of these interventions is the 
range of intensity, with some consisting of a single session and others of more 
than 20 sessions over two years. 
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Although some environmental interventions at all three levels have shown promise, 
more research is needed to assess which programs are most effective in improving 
nutritional fitness. For example, there is a dearth of research on intervention programs 
that attempt to increase access to nutritious food, and such research that does exist has not 
shown that these interventions have improved neighborhood residents’ dietary behavior. 
Studies focused on increasing access to farmers’ markets and community gardens have 
shown modest changes in adults’ fruit and vegetable consumption but, again, there is 
insufficient research on the effectiveness of this type of intervention. Interventions that 
focus on environmental cues have employed such strategies as introducing dinnerware 
and utensils designed to achieve an appropriate portion size rather than teaching people 
the complexities of calculating portion size. This type of intervention appears to be 
especially promising in the school context, where environmental cues to overeat are 
powerful (e.g., the availability of energy-dense food in vending machines). In terms of 
health communication campaigns, those that focus on dietary-related messages generally 
fall in the middle of the efficacy continuum—that is, they are not as effective as seat-belt 
campaigns but are more effective than drug campaigns (Snyder, 2007).  

The results from several workplace interventions are promising. However, workplace 
approaches are rare, generally of low intensity (e.g., emphasizing information and 
education), short term (six months or less), and focused on individual-level behaviors. In 
terms of school-based interventions, there is insufficient evidence suggesting that they 
work, although school-based physical education interventions have consistently improved 
health outcomes related to body fat and blood pressure in children and adolescents. More 
research is also needed on church-based interventions; evidence to date indicates that 
they have achieved short-term effects in the daily consumption of fruits and vegetables 
and on the weight of participating congregants. There were very few interventions 
designed to test the effect of family-level resources, such as social support.  

Many low-intensity individual interventions have entailed disseminating information 
about healthful diet through the web or mail only, whereas others have supplemented this 
material with diet-related information disseminated by a health care provider (Lin et al., 
2010). More intense individual interventions entailed counseling (either in person or over 
the phone) or various group counseling sessions (Lin et al., 2010). Overall, these 
interventions entailed a high degree of resources with little regard for the context in 
which individuals needed to make these dietary decisions. It is likely that many 
individual-level interventions could benefit from introducing environmental-level 
components.  
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Conclusion 
The Air Force can harness the tools described in this report to increase the 

effectiveness of its nutrition programs in promoting resilience and preventing or 
mitigating stress. An important first step will be to measure facilitators and barriers at 
both individual and environmental levels to develop effective interventions that increase 
nutritional fitness. However, as the Air Force designs nutrition-related programs, it will 
be important to take account of the methodological limitations identified in this report 
and to consider research findings in the context of the special nutritional needs of the 
military population.  
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1. The Context of This Report1 

This report is one of a series designed to support Air Force leaders in promoting 
resilience among Airmen, its civilian employees, and Air Force family members. The 
research sponsors requested that RAND assess the current resilience-related constructs 
and measures in the scientific literature and report any evidence of initiatives that 
promote resilience across a number of domains. We did not limit our search to research 
conducted in military settings or with military personnel, as Air Force leaders sought the 
potential opportunity to apply the results of these studies to a population that had not yet 
been addressed (i.e., Airmen). Further, many Air Force services support Air Force 
civilians and family members, and thus the results of civilian studies would apply to these 
populations. 

This study adopts the Air Force definition of resilience: “the ability to withstand, 
recover and/or grow in the face of stressors and changing demands,” which we found to 
encompass a range of definitions of resilience given throughout the scientific literature.2 
By focusing on resilience, the armed forces aim to expand their care to ensure the well-
being of military personnel and their families through preventive measures and not just 
by treating members after they begin to experience negative outcomes (e.g., depression, 
anxiety, insomnia, substance abuse, post-traumatic stress disorder, or suicidal ideation). 

Admiral Michael Mullen, Chairman of the Joint Chiefs of Staff from 2007 to 2011, 
outlined the concept of Total Force Fitness (TFF) in a special issue of the journal Military 
Medicine: “A total force that has achieved total fitness is healthy, ready, and resilient; 
capable of meeting challenges and surviving threats” (Mullen, 2010, p. 1). This notion of 
“fitness” is directly related to the concept of resilience. The same issue of Military 
Medicine also reflected the collective effort of scholars, health professionals, and military 
personnel, who outlined eight domains of TFF: medical, nutritional, environmental, 
physical, social, spiritual, behavioral, and psychological. This framework expands on the 
traditional conceptualization of resilience by looking beyond the psychological realm to 
also emphasize the mind-body connection and the interdependence of each of the eight 
domains.  

The research sponsors requested that RAND adopt these eight fitness domains as the 
organizing framework for our literature review. We followed this general framework, 
                                                
1 Adapted from Meadows and Miller, forthcoming. 
2 The Air Force adopted this definition, which was developed by the Defense Centers of Excellence for 
Psychological Health and Traumatic Brain Injury (DCoE, 2011). 
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although in some cases we adapted the scope of a domain to better reflect the relevant 
research. Thus, this study resulted in eight reports, each focusing on resilience-related 
research in one of the TFF domains, but we note that not all of these domains are 
mutually exclusive. These eight reports define each domain and address the following 
interrelated topics: 

• medical: preventive care, the presence and management of injuries, chronic 
conditions, and barriers and bridges to accessing appropriate quality health care 
(Shih, Meadows, and Martin, 2013) 

• nutritional: food intake, dietary patterns and behavior, and the food environment 
(Flórez, Shih, and Martin, 2014) 

• environmental: environmental stressors and potential workplace injuries and 
preventive and protective factors (Shih, Meadows, Mendeloff, and Bowling, 
forthcoming) 

• physical: physical activity and fitness (Robson, 2013) 
• social: social fitness and social support from family, friends, coworkers/unit 

members, neighbors, and cyber communities (McGene, 2013) 
• spiritual: spiritual worldview, personal religious or spiritual practices and rituals, 

support from a spiritual community, and spiritual coping (Yeung and Martin, 
2013) 

• behavioral: health behaviors related to sleep and to drug, alcohol, and tobacco use 
(Robson and Salcedo, forthcoming) 

• psychological: self-regulation, positive and negative affect, perceived control, 
self-efficacy, self-esteem, optimism, adaptability, self-awareness, and emotional 
intelligence (Robson, 2014). 

These reports are not intended to be comprehensive reviews of the entire literature 
within a domain. Rather, they focus on those studies that consider the stress-buffering 
aspects of each domain, regardless of whether the term resilience is specifically used. 
This expanded the scope of the reviews to include a broader range of studies and also 
allowed for differences in the terminology used across different disciplines (e.g., stress 
management, hardiness). We sought evidence both on the main effects of resilience 
factors in each domain (i.e., those that promote general well-being) and on the indirect or 
interactive effects (i.e., those that buffer the negative effects of stress).  

Because the Air Force commissioned this research to specifically address individuals’ 
capacity to be resilient, and thus their well-being, our reports do not address whether or 
how fitness in each of the eight TFF domains could be linked to other outcomes of 
interest to the military, such as performance, military discipline, unit readiness, personnel 
costs, attrition, or retention. Those worthy topics were beyond the scope of this project.  

Some other important parameters shaped this literature review. First, across the study, 
we focused on research from the past decade, although older studies are included, 
particularly landmark studies that still define the research landscape or where a particular 
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line of inquiry has been dormant in recent years. Second, we prioritized research on 
adults in the United States. Research on children was included where particularly 
germane (e.g., in discussions of family as a form of social support), and, occasionally, 
research on adults in other Western nations is referenced or subsumed within a large 
study. Research on elderly populations was generally excluded. Third, we prioritized 
literature reviews, meta-analyses, and on-going bodies of research over more singular 
smaller-scale studies.  

The search for evidence on ways to promote resilience in each domain included both 
actions that individuals could take as well as actions that organizations could take, such 
as information campaigns, policies, directives, programs, initiatives, facilities, or other 
resources. We did not filter out evidence related to Air Force practices already under 
way, as the Air Force was interested both in research related to existing practices and in 
research that might suggest new paths for promoting resilience. Our aim was not to 
collect examples of creative or promising initiatives at large but to seek scholarly 
publications assessing the stress-buffering capacity of initiatives. Thus, in general, this 
collection of reviews does not address initiatives that have not yet been evaluated for 
their effect. 

Building on the foundation of the eight reports that assess the scientific literature in 
each domain, RAND prepared an overarching report that brings together the highlights of 
these reviews and examines their relevance to current Air Force metrics and programs. 
That ninth report, Airman and Family Resilience: Lessons from the Scientific Literature, 
provides a more in-depth introduction to resilience concepts and research, presents our 
model of the relationship between resilience and TFF, documents established and 
emerging Air Force resiliency efforts, and reviews the Air Force metrics for tracking the 
resiliency of Air Force personnel and their families. By comparing the information we 
found in the research literature to Air Force practices, we were able to provide 
recommendations to support the development of initiatives to promote resilience across 
the Air Force. Although the overview report contains Air Force–specific 
recommendations that take into account all eight domains and existing Air Force 
practices, some are applicable to the military more generally and are highlighted at the 
end of this report. 
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2. Background to This Report 

This report focuses on nutritional fitness. Nutritional fitness for Airmen can be 
defined as having the nutrients needed to facilitate not only good health and readiness but 
also resilience against the physical and mental stressors associated with military service. 
Nutritional fitness contributes to resilience by helping service members maintain a 
healthy weight, protecting them against diet-related diseases that affect physical and 
cognitive function, and reducing their vulnerability to stress and depression. Achieving 
nutritional fitness can be challenging, however, and a lack of it—in the form of obesity—
is the leading medical reason that applicants fail to qualify for military service. 

Achieving nutritional fitness begins with access to high-quality foodstuffs that can 
provide a sufficient amount of nutrients needed to withstand the physical and mental 
challenges associated with military service. Proper nutrition is known to facilitate 
physical resilience during service, both during deployments and at home, and to protect 
against diet-related diseases throughout the life course. Nutrition also appears to directly 
affect mental health outcomes (e.g., certain food combinations rich in antioxidant 
vitamins reduced the risk of Alzheimer disease), including stress and depression. 
Therefore, nutrition can directly enhance resilience. 

However, achieving a healthful diet involves multiple and complex factors that can 
make individual consumption of adequate amount of micro- and macronutrients difficult. 
In the United States, for example, more than one-third of adults (35.7 percent) are obese 
(Ogden et al., 2012) yet also undernourished in several key nutrients, such as fiber and 
calcium. Similarly, obesity is becoming a major public health issue among military 
populations (Montain, Carvey, and Stephens, 2010). For example, only one in four young 
adults ages 17–24 is eligible for military service, and being overweight or obese is the 
leading medical reason why applicants fail to qualify for service (Mission: Readiness 
Report, 2010).  

We know that reducing caloric consumption is the most important factor in obesity 
control, but improving diet quality, encouraging healthy food choices, and meeting 
specific nutritional requirements are also key factors in curtailing a variety of chronic 
diseases. For example, the Dietary Guidelines for Americans emphasize three major 
goals for Americans (Dietary Guidelines Advisory Committee, 2010): 

• Balance calories with physical activity to manage weight. 
• Consume more of certain foods and nutrients such as fruits, vegetables, whole 

grains, fat-free and low-fat dairy products, and seafood, while also limited caloric 
intake. 
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• Consume fewer foods with sodium (salt), saturated fats, trans-fats, cholesterol, 
added sugars, and refined grains. 

Meeting these goals at the individual level presents a major challenge, given that, on 
average, Americans of all ages consume too few vegetables, fruits, high-fiber whole 
grains, low-fat milk and milk products, and seafood, and they eat too much added sugars, 
solid fats, refined grains, and sodium. Added sugars and solid fats contribute 
approximately 35 percent of calories to the American diet.  

Understanding which diet-related factors are most relevant for resilience involves 
measuring a variety of components that constitute a healthy diet. Specifically, it involves 
measuring food intake at the individual level; understanding facilitators and perceived 
barriers to healthy eating, including psychosocial and environmental factors; and 
understanding available interventions designed to promote nutritional fitness. However, 
the metrics associated with some of these concepts vary widely in their quality, 
hampering their applicability to the military and civilian context alike. One consequence 
of these measurement issues is inconsistency across studies that focus on the association 
of nutrition concepts and diet-related outcomes.  

Focus of This Report 

This report aims to provide a thorough overview of the scientific literature related to 
nutritional fitness to help the Air Force target its nutrition-related intervention efforts 
more successfully. The report has three main goals: 

• to identify existing measures developed for individual food intake 
• to understand facilitators of and perceived barriers to healthful diets, including 

psychosocial and environmental factors 
• to understand interventions available to promote nutritional fitness.  

Organization of This Report 
The remainder of this report consists of three chapters: 

• In Chapter Three, we examine existing measures of individual food intake and 
what is known about the relationship between food intake and health outcomes. 

• In Chapter Four, we examine psychosocial and environmental facilitators of and 
perceived barriers to healthful diets. 

• In Chapter Five, we examine interventions available to promote nutritional 
fitness. 

• Chapter Six presents our conclusions.  
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3. Nutritional Fitness Constructs, Measures, and Links to Health 
Outcomes 

“The wise man should consider that health is the greatest of human blessings. Let 
food be your medicine.” 

— Hippocrates, Physician 

 

Measuring food intake at the individual level is crucial in determining the associations 
between diet and resilience. In this chapter, we begin our examination of nutritional fitness 
constructs by focusing on measures of food intake and their links to health outcomes. We 
describe existing measures of food intake and discuss the strengths and challenges associated 
with those methods. Then we discuss what is known about health outcomes associated with food 
intake.  

Measures of Food Intake 

Food intake can be estimated at the time of eating or from past eating patterns (Van Staveren 
and Ocké, 2006):  

• Real-time measures. The most widely used real-time methods are the weighted record 
technique and the estimated record. The former requires that the individual weigh food 
and record the data later, whereas the latter requires that an individual estimate the 
portion sizes of each foodstuff (Van Staveren and Ocké, 2006).  

• Estimates of past consumption. The three most-common methods for estimating food 
intake from past consumption patterns are 24-hour recall, dietary history, and food 
frequency questionnaires. All three methods involve interviewing individuals about foods 
consumed; however, dietary history and food frequency methods focus on habitual diet, 
whereas 24-hour recall focuses on one’s current diet.  

Food Frequency Questionnaires 

The most widely used approach for estimating past consumption is the food frequency 
questionnaire (FFQ) method, which involves the administration of questionnaires to assess 
individuals’ consumption of specific foods. The food to be measured is derived from a list that is 
preselected by the researchers, and some FFQs also ask the portion size for each food item. 
Responses from questionnaires can be converted into daily nutrient intake estimates and 
analyzed.  

Block Food Frequency Questionnaire. Most food frequency studies use modified versions 
of the Block FFQ (Block et al., 1990; Mares-Perlman et al., 1993) and the Willet FFQ (Willett 
and Lenart, 1998). However, the latter does not specifically ask about portion sizes, which has 
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resulted in lower validity and reliability than in the Block FFQ (Subar et al., 2001). The Block 
FFQ asks about 106 foods and their respective portion sizes, and the information is based on 
national dietary data (Block et al., 1990; Mares-Perlman et al., 1993). The Block FFQ can also 
be adapted by adding/subtracting appropriate foods for a particular population (e.g., African 
Americans, Latinos) (Carithers et al., 2009; Nath and Huffman, 2005). However, some issues 
have been identified when using the Block FFQ, such as comprehension, order of food items, 
and intake of seasonal foods (Subar et al., 2001).  

Diet History Questionnaire. The National Cancer Institute (NCI) (2013b) has addressed the 
issues in the Block FFQ and created a diet history questionnaire (DHQ) (Subar et al., 2001). This 
questionnaire consists of 124 food items and includes questions about both portion size and 
dietary supplement. It takes about one hour to complete and has very high response rate despite 
the length of the instrument. A machine-readable paper-and-pencil version can be scanned and 
analyzed. There is also a web-based version called the DHQ*Web. The advantage of the latter is 
that it can be easily analyzed with the Diet*Cal software developed by NCI. A new version of 
the DHQ (i.e., DHQ II), the DHQ*Web, Diet*Cal software and all other pertinent details are 
available at National Cancer Institute (2013a)  

Methodological Challenges Associated with FFQs. Despite their usefulness, FFQs may not 
always be the most appropriate approach to measure food intake. For example, FFQs may not 
have the level of detail needed for intervention studies that seek to detect very subtle differences 
in dietary changes. Moreover, the databases used to measure foods, their nutrient values, and 
weights for typical food portions derive from the dietary intake component of the National 
Health and Nutrition Examination Survey (U.S. Department of Agriculture, 2013). Given that 
these data are derived from a nationally representative sample, some caution is warranted when 
extrapolating these guidelines to individuals in extreme climates or to persons with atypical 
levels of physical exertion. The American Dietetic Association has developed useful nutrient and 
fluid intake guidelines for competitive athletes and those in extreme climates (Rodriguez, Di 
Marco, and Langley, 2009); however, there are no food intake instruments based on these 
guidelines. Other important issues to take heed of when using FFQs are the following:  

• Different study designs (e.g., case-control, cross-sectional) involve modifications in the 
way food-frequency data are collected. For example, an FFQ for use in a retrospective 
case–control study should reflect dietary consumption at the relevant time points. 

• The food items listed in an FFQ need to be culturally appropriate for the target 
population. This will ensure a reduction in systematic error produced by the lack of 
relevancy a particular foodstuff may have for a given population. 

• Modification of an existing questionnaire needs to be validated even if prior validation of 
the original instrument has been carried out.  

• Last, the usefulness of any method for assessing food intake will vary according to the 
purpose. For example, large epidemiological studies need to employ methods that can 
yield useful data on habitual diet while minimizing respondent burden.  
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Research Using Dietary Biomarkers 

To address this issue of bias, another approach for measuring food intake is to use dietary 
biomarkers, such as doubly labeled water (often used for metabolic rate and total energy 
expenditure) or urinary total nitrogen/potassium (used to measure total daily protein 
consumption and potassium intake) (Jenab et al., 2009). Also, predictive dietary biomarkers, 
such as urinary sucrose or fructose, and concentration/replacement dietary biomarkers are used 
to estimate diet-disease risk associations (e.g., individual fatty acids). Although the use of 
biomarkers has advantages over self-reported measures of food intake, employing biochemical 
techniques is expensive and invasive, and only a single nutrient can be assessed at a given time 
(Cade et al., 2002). Further, biomarkers may not directly measure intake, since error may be 
introduced by an array of factors (e.g., a person’s metabolism, excretion, and homeostatic 
mechanisms). In the few studies examining the correlation between dietary reference method and 
biomarkers, there were no substantial differences in measurement error in relation to energy, fat, 
vitamin C, or vitamin A (Cade et al., 2002). Therefore, it is difficult to categorize this or any 
other method as the gold standard, given that all techniques are associated with specific sources 
of errors.  

Health Outcomes Associated with Food Intake 
The majority of research on individuals’ food intake focuses on the high calorie foods and 

beverages in the American diet. According to recent estimates, breads, cookies, and donuts are 
the top source of calories for American adults (Dietary Guidelines Advisory Committee, 2010. 
Pizza was ranked as the second source of calorie intake for children, and soda/energy/sports 
drinks were ranked third (Dietary Guidelines Advisory Committee, 2010). The immediate 
implication of this kind of energy-dense diet (i.e., a diet high in calories) is increased difficulty in 
“burning” these calories through normal body functions, thus producing the calorie imbalance 
associated with weight gain. For example, evidence suggests that certain dietary factors are 
independently associated with long-term weight gain in women and men in the United States 
(Mozaffarian et al., 2011). Specifically, the four-year weight gain associated with potato chips 
was 1.69 pounds, potatoes 1.28 pounds, sugar-sweetened beverages 1.00 pounds, unprocessed 
red meats 0.95 pounds, and processed meats 0.93 pounds (Mozaffarian et al., 2011).  

The association between energy-dense diets and overweight and obesity is also consistently 
strong across different segments of the population (e.g., children, adolescents). Increasingly, 
obesity is associated with a variety of health outcomes, most notably certain cancers (e.g., 
colon), cardiovascular disease (CVD), and diabetes. Less research has been conducted on the 
effect of obesity on psychological outcomes, but research suggests an association between adult 
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obesity and critical factors required for optimal mental health (e.g., reduction in white and gray-
matter brain volume, reduction in cognitive functioning) (Walsh, 2011).3  

There is a growing body of research on the role of nutrition in mental health. One line of 
research documents the importance of specific foods and nutrients (e.g., blueberries, Omega-3 
fatty acids) on brain functioning (e.g., cognitive processes, emotions) (Gómez-Pinilla, 2008). 
Another significant line of research highlights the role of anti-inflammatory foods in the etiology 
of depression and other psychological disorders (Kiecolt-Glasser, 2010). The focus is on 
inflammation because the latter is the common link among the leading causes of death (e.g., 
diabetes, CVD) as well as depression (Kiecolt-Glasser, 2010). The hypothesis is that several of 
the pathways to inflammation (e.g., oxidative stress) can be sparked by specific foods and dietary 
patterns (Kiecolt-Glasser, 2010).  

In this chapter, we describe findings from the body of research on physical and mental health 
associated with individuals’ consumption of macronutrients; micronutrients; water, alcohol, and 
other beverages; and dietary supplements. We also discuss what is known about health outcomes 
associated with broader dietary patterns and behavior. 

Macronutrients 

In this section, we discuss scientific findings related to four types of macronutrients: 
carbohydrates, protein, fat, and dairy products. 

Carbohydrates. Carbohydrates (i.e., sugars, starches, fibers) are one of the primary 
macronutrients (i.e., the dietary components that provide bulk energy) (National Institutes of 
Medicine, 2005).  

In the scientific literature, there is some consistency in the findings regarding fiber, whole 
grains and fruits and vegetables and obesity and obesity-related health outcomes. For example, 
dietary fiber has been consistently associated with lower body weight (Slavin, 2008), and whole 
grain intake (e.g., cereal fibers) has been shown to have protective effects against CVD (Dietary 
Guidelines Advisory Committee , 2010).  

There is also strong evidence regarding overall intake of fruits and vegetables in their 
protective effects against cancer of the mouth, pharynx, larynx, and esophagus, at least among 
the highest consumers of vegetables and fruits (World Cancer Research Fund and American 
Institute for Cancer Research, [WCRF/AIRC] 2007). Some studies have found that certain 
vegetables have direct protective effects (e.g., carrots), and others have found that raw vegetables 
have a protective effect against esophageal cancer (WCRF/AIRC, 2007). Micronutrients found in 
vegetables and fruits (e.g., beta carotene and lycopene, folate, vitamin C, vitamin D, vitamin E) 
are hypothesized to be the mechanisms by which vegetables and fruits exert their protective 
effect against certain cancers (WCRF/AIRC, 2007).  

                                                
3 Obesity is discussed further in the companion report on the medical fitness domain. 
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In the United States, there is modest evidence documenting an inverse relationship between 
vegetable/fruit consumption and myocardial infarction and stroke, with significantly larger, 
positive effects documented above five servings of vegetables and fruits per day (Genkinger et 
al., 2004; Hung et al., 2004; Joshipura et al., 2009; Tucker et al., 2005). There is also modest 
evidence that consumption of fruit and vegetables is inversely associated with blood pressure 
(Wang et al., 2008), cholesterol in international samples (Kelley, Kelley, and Franklin, 2006; 
Mirmiran et al., 2009; Radhika et al., 2008), body weight with samples from different countries 
(Bes-Rastrollo et al., 2006; Buijsse et al., 2009; Davis, Hodges, and Gillham, 2006; Fujikoka et 
a., 2006; Goss and Grubbs, 2005; He et al., 2004; Ortega et al., 2006; Radhika et al., 2008; 
Tanumihardjo et al., 2009; Vioque et al., 2008; Xu, Yin, and Tong, 2007).  

There is mixed evidence regarding the effects of carbohydrates on other diet-related diseases. 
These include the association between dietary fiber and type 2 diabetes as well as some 
gastrointestinal diseases (Slavin, 2008). Further research is needed to elucidate the relationship 
between type 2 diabetes and fruit and vegetable intake. For example, some research indicates a 
protective effect from vegetables and not fruit, from some vegetables more than others (e.g., 
direct association with potato- but not tomato-based products), and from overall consumption of 
fruits and vegetables rather than specific foodstuffs (Liu et al., 2004; Halton, 2006b; Wang et al., 
2006). The weight of the evidence in the area of sugar-sweetened beverages and energy intake 
and body weight is more consistent. A fair amount of research has found an association between 
sugar-sweetened beverages and increased body weight in adults; however, studies have found no 
association between obesity risk and sugar intake (Sun and Empie, 2007).  

An important focus of the literature on carbohydrates concerns their role in weight reduction. 
Popularized by diets such as Atkins and the Zone Diet, the idea proliferated that carbohydrates 
could be the main contributor to weight gain. Specifically, the developers of these diets claimed 
that certain carbohydrates could negatively affect weight by spiking blood glucose levels that 
would produce feelings of intense hunger. Other health outcomes said to be affected by these 
types of carbohydrates were type 2 diabetes and metabolic syndrome. These diets used the 
glycemic index to categorize carbohydrates by their effects on blood glucose levels, and the 
glycemic load was the score based on portion size. The diets recommended limited or no 
consumption of some fruits, vegetables, and grains. For example, bananas have a glycemic load 
of 13 and the average serving of potato chips has a glycemic load of 11.  

Despite the popularity of these diets, most research shows no difference between high-
glycemic-index and low-glycemic-index diets on weight or weight loss. According to the Dietary 
Guidelines Advisory 2010), five of seven randomized controlled trials (Philippou et al., 2009; 
Pittas et al., 2006; Raatz et al., 2005; Sichieri et al., 2007; Sloth et al., 2004; Abete, Parra, and 
Martinez, 2008; de Rougemont et al., 2007), both prospective cohort studies (Deierlein, Siega-
Riz, and Herring, 2008; Hare-Bruun, Flint, and Heitmann, 2006), and six of seven cross-
sectional studies showed no association between glycemic index or load and weight or body 
mass index (BMI) (Hui and Nelson, 2006; Lau et al., 2006; Liese et al., 2005; Mendez et al., 
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2009; Milton et al., 2007; Nielsen et al., 2005; Murakami et al., 2007). Further, there is 
inconsistent evidence of an association between high glycemic index and type 2 diabetes (i.e., 
five yes, four no, and one inverse) (Barclay et al., 2007; Halton et al., 2006; Hodge et al., 2004; 
Krishnan et al., 2007; Mosdøl et al., 2007; Sahyoun et al., 2008; Schulz et al., 2006; Schulze et 
al., 2004; Stevens et al., 2002; Villegas et al., 2007). Consuming low-GI carbohydrates (that is, 
low in the glycemic index) before exercise has not been found to affect performance despite 
popular recommendations (Donaldson, Perry, and Rose, 2010).  

Other highlights from the Dietary Guidelines Advisory Committee (2010) and recent reviews 
in the literature include the following: 

• There is limited evidence that increased intake of vegetables and/or fruits protects both 
children and adults against weight gain (BMI). 

• “100 percent fruit juice” has not been associated with body weight, but limited evidence 
has linked 100 percent juice with higher BMI among children/adolescents who are 
overweight and obese. 

• Intake of at least two and one-half cups of vegetables and fruits per day is associated with 
reduced risk of CVD, including heart attack and stroke. 

• There is moderate evidence to show that adults who eat whole grains that are high in fiber 
have lower weight than adults who do not eat as much high-fiber grains. 

• Diets that comprise multicolored fruits and vegetables (a “rainbow diet”) are beneficial 
because they may prevent and ameliorate psychopathologies (Gómez-Pinilla, 2008; 
Walsh, 2011). This is likely a result of the anti-inflammatory properties in many 
vegetables (Kiecolt-Glaser, 2010). 

Last, added sugar (i.e., not the sugar naturally occurring in food such as fruits and 
vegetables) has been found to have two major health implications. First, added sugars are a 
major barrier to maintaining proper calorie balance. Sugar is high in calories, is often consumed 
in conjunction with other dense nutrients, such as fat and refined grains (e.g., cakes, doughnuts), 
and can easily be overconsumed (Dietary Guidelines Advisory Committee, 2010). The research 
on added sugar, which has mainly focused on sugar-sweetened beverages, has yielded the 
following results:  

• Strong evidence shows that children and adolescents who consume more sugar-
sweetened beverages have higher BMI than those who do not. 

• Moderate evidence indicates that adults who consume more sugar-sweetened beverages 
have higher BMI than those who do not. 

• Added sugars are strongly associated with an increase in the risk of dental caries (i.e., 
cavities).  

Second, added sugars have been found to negatively affect the molecules related to cellular 
energy control that are at the crux of various neurodegenerative diseases, such as Alzheimer’s 
(Gómez-Pinilla, 2011). For example, animal studies show a significant decline in rats’ scores of 
the spatial learning matter maze test when they had been fed a “junk” type diet (i.e., diets high in 
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refined sugars and saturated fats). However, further research in humans is needed to establish the 
association between added sugars and neuronal health. 

Protein. Protein is an essential component of adequate nutrition; however, protein intake in 
the United States exceeds the amounts recommended by the Dietary Guidelines Advisory 
Committee. Specifically, the recommendation is 46 grams per day for women ages 19–70 and 56 
grams for men, but current consumption is 70.1 grams for women and 101.9 grams for men 
(Moshfegh et al., 2009). Further, a salient feature of this overconsumption is that protein is 
largely high-fat and animal-based, and some research points to the negative effects of animal 
protein on cancer, CVD, blood pressure, hypertension, and body weight (Dietary Guidelines 
Advisory, 2010).  

However, the strength of the association between animal protein and health outcomes varies 
widely. For example, there is strong evidence supporting the link between red meats and 
processed meats to colorectal cancer (WCRF/AICR, 2007); however, research investigating the 
effect of animal protein on CVD and blood pressure is less clear (Dietary Guidelines Advisory 
Committee, 2010). 

There is also increasing interest in the role of protein in weight loss. Spearheaded by the low-
carbohydrate diet movement, increased consumption of protein (especially animal-based protein) 
in conjunction with decreased consumption of carbohydrates was believed by many to be an 
effective method for weight loss and weight control. However, there is no evidence to suggest 
that high-protein/low-carbohydrate diets are more effective than diets that place less emphasis on 
protein on long-term (i.e., more than six months) weight loss (Avenell et al., 2004; Dale et al., 
2009; Due et al., 2008; Frisch et al., 2009; McAuley et al., 2005; Nordmann et al., 2006; Sacks et 
al., 2009; Tay et al., 2008), although one well-designed randomized controlled trial did show 
high-protein diets (e.g., Atkins diet) to be more effective than other diets among premenopausal, 
overweight, and obese women (Gardner et al., 2007). Further, high-protein diets have been 
linked to worsening of mood, increasing fatigue, dizziness, irritability, headaches, confusion, and 
sleep problems (Lloyd, Green, and Rogers, 1994; Wells and Read, 1996; Butki, Baumstark, and 
Driver, 2003). High protein consumption has been shown to increase women’s risk of 
developing severely depressed mood but it did have a protective effect on men (Wolfe et al., 
2011). 

There is some evidence on the differential effects on weight of animal-based protein relative 
to plant-based protein. Although limited, research suggests that a vegetarian or vegan diet may 
confer some benefits on weight loss. Specifically, vegetarians and vegans consistently have 
lower BMIs than non-vegetarians (Spencer et al., 2003; Craig, 2009). However, given the weaker 
design of studies investigating the role of vegetarian and vegan diets on weight loss, more 
research is needed to understand the role of protein, whether animal-based or plant-based, on 
weight loss and healthy weight maintenance.  

The Dietary Guidelines Advisory Committee cites tree nuts (i.e., walnuts, almonds, and 
pistachios) and seafood as good sources of protein. This is based on the moderate evidence that 
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peanuts and other nuts reduce the risk of CVD when consumed as part of a diet that is within the 
caloric needs of an individual. There is also moderate evidence of the benefits of consuming 
certain types of seafood (e.g., reduced cardiac deaths among individuals without pre-existing 
CVD). Specifically, there is strong evidence suggesting that fatty fish rich in Omega-3 fatty acids 
(e.g., salmon, tuna) confer these health benefits. The guidelines stipulate that consuming eight 
ounces of seafood per week provides an adequate amount of eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA) and protects against the overconsumption of methyl mercury. The 
latter can be found in seafood, but if a variety of seafood high in EPA and DHA amounts is 
consumed in moderation, the risks posed by methyl mercury are minimal. 

Fat. The Dietary Guidelines Advisory Committee recommends replacing saturated fat with 
monounsaturated and polyunsaturated fatty acids as well as limiting total fat to 30–40 percent of 
total energy and limiting saturated fats to 10 percent of fat intake. Some other recommendations 
for fat intake are rather vague (e.g., reduce the intake of calories from fat, limit the consumption 
of foods containing solid fats). We highlight some other findings from the Dietary Guidelines 
Advisory Committee (U.S. Department of Agriculture and U.S. Department of Health and 
Human Services, 2010) and other pertinent literature regarding fat and health: 

• Strong evidence suggests that saturated fatty acids should not be consumed in great 
quantities; they are linked to higher levels of blood total cholesterol and low-density 
lipoprotein. 

• Trans fatty acids have been associated with increased risk for CVD. 
• A moderate amount of, but consistent, research has found an association between meat 

consumption (especially red meat) and an increased risk of diabetes, CVD, and certain 
cancers (U.S. Department of Agriculture and U.S. Department of Health and Human 
Services, 2010). Further, a recent study found an increased risk in mortality for those 
consuming one serving per day of unprocessed red meat (Hazard Ratio 1.13 [1.07–1.20]) 
and of processed red meat (Hazard Ratio 1.20 [1.15–1.24]) and found that substituting 
one serving per day of other foods (e.g., fish) for one serving per day of red meat was 
associated with a 7–19 percent lower mortality risk (Pan et al., 2012). 

• Animal research shows that diets high in saturated fat can spark a decline in cognitive 
functioning and aggravate cognitive impairment after brain trauma in rodents (Gómez-
Pinilla, 2008). 

• Saturated fat has been associated with cognitive decline in aging populations (Gómez-
Pinilla, 2008). 

Dairy. Dairy is high in calcium, a micronutrient essential for optimal bone health (U.S. 
Department of Health and Human Services, 2004). The recommended amounts of dairy are three 
cups per day of fat-free or low-fat milk or milk products for adults and children and adolescents 
ages 9–18, two and one-half cups per day for children ages 4–8 years, and two cups for children 
ages 2–3 years. However, some individuals have trouble digesting the lactose found in dairy and 
others do not consume dairy at all (e.g., vegans). Those who are lactose-intolerant can choose 
from a variety of lactose-reduced foods that contain adequate amounts of calcium (U.S. 
Department of Health and Human Services, 2004). There is also a wide variety of non-dairy 



 

  15 

calcium-rich foods, such as green leafy vegetables, beans/legumes, and nuts (see National 
Institutes of Health, 2012).  

Dairy has also been linked to certain health outcomes: A moderate amount of research shows 
that low-fat dairy reduces the risk of CVD and type 2 diabetes and may lower blood pressure in 
adults (Dietary Guidelines Advisory Committee, 2010). Some research suggests that 
consumption of dairy products protects children and adults from weight gain, but there are some 
inconsistent findings (Louie et al., 2011). However, excessive intake of dietary lipids and dairy 
consumption has been shown to increase the risk of Parkinson’s disease (Sadiq-Butt and Sultan, 
2011; Chen et al., 2007). 

Micronutrients 

Micronutrients are specific nutrients (e.g., vitamin C) that enable the body to produce 
enzymes, hormones, and other substances essential for proper growth and development (Centers 
for Disease Control and Prevention, 2011. The necessary amount of micronutrients needed for 
optimal health is quite complex and varies widely according to populations (e.g., elderly, 
women). There are also stark differences in the evidence regarding micronutrients and health in 
that some have been systematically researched but others have not received much attention. We 
discuss several micronutrients below, including sodium, potassium, calcium, vitamin D, Omega-
3 fatty acids, and curcumin. 

Sodium. Sodium is the most widely researched micronutrient, because the U.S. population 
far exceeds the recommended intake of sodium, partially due to the overconsumption of 
processed foods.  

Decreased sodium intake has been strongly associated with a drop in blood pressure, 
especially among populations at risk for chronic diseases (e.g., African Americans, persons older 
than 51) as well as other vulnerable populations (e.g., children). The current recommendation is 
to keep daily sodium intake to less than 2,300 milligrams (mg) and 1,500 (mg) for vulnerable 
populations. However, only 15 percent of Americans adhere to these recommendations. 
Physically active individuals may need to modestly increase their intake over these 
recommended amounts to replace sodium lost in sweat (National Institutes of Medicine, 2004). 

Other Micronutrients. Other well-researched micronutrients have been associated with the 
following health conditions: 

• Potassium: Moderate potassium deficiency (i.e., not hypokalemia or the condition that 
occurs when potassium levels are below 35 mEq/L) is associated with increased risk of 
developing kidney stones and bone loss. 

• Calcium: Calcium is associated with preservation of bone density and is crucial in nerve 
transmission, constriction and dilation of blood vessels, and muscle contraction. 

• Vitamin D: A growing number of studies link vitamin D to decreased risk of injury and 
improved training and performance in athletes (Larson-Meyer and Willis, 2010). Several 
studies suggest associations between vitamin D deficiency and cognitive impairment, 
depression, bipolar disorder, and schizophrenia (Walsh, 2011). Vitamin D deficiency 
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results in rickets in children and osteomalacia (i.e., softening of the bones) in adults. 
Recommended amounts of vitamin D are 600 international units (IU) (15 mcg) per day 
for children and most adults and 800 IU (20 mcg) for adults older than 70 years. The 
most common source of exposure to vitamin D is from the ultraviolet rays in sunlight, 
although it can also be obtained from food (e.g., the flesh of fatty fish, egg yolks, some 
mushrooms) (National Institutes of Health, 2011).  

• Omega-3 fatty acids: Omega-3 fatty acids are found naturally in fish (salmon), kiwi 
fruit, butternuts, and walnuts but can also be consumed in supplement form (e.g., fish 
oil). The strongest link between Omega-3 fatty acids and health is with CVD. Fatty fish, 
such as salmon, mackerel, herring, lake trout, sardines, and albacore tuna, are high in 
Omega-3 fatty acids (American Heart Association, 2010). The American Heart 
Association recommends eating fish (particularly fatty fish) at least two times (two 
servings) a week, each serving being 3.5 ounces of cooked fish or about three-quarters of 
a cup of flaked fish. Some observational studies have found that increased consumption 
of fish oils rich in Omega-3 long-chain polyunsaturated fatty acids (Omega-3) may 
reduce the chance of developing dementia, and other studies show no effect (Sydenham, 
Dangour, and Lim, 2012).  

• Curcumin: This is the primary component of the turmeric plant, which is often used as a 
spice in traditional Southeast Asian cuisine (e.g., curry). Curcumin has been shown to 
counteract neuronal dysfunction in humans and animals and is also is associated with 
reversal of certain pathologies involved in rats with traumatic brain injuries (Gómez-
Pinilla, 2011). However, more studies are needed before specific dietary 
recommendations can be made.  

Water, Alcohol, Energy Drinks, and Other Beverages 

In this section, we consider what is known about the consumption of water, alcohol, energy 
drinks, and other beverages. 

Water. Although the consumption of water has been established as a crucial component of a 
healthy diet, establishing recommended amounts is rather complex. Indeed, the National 
Institutes of Medicine have not generated concrete recommendations for civilian populations, 
since evidence suggests that Americans tend to consume adequate amounts of water directly or 
through water contained in such foodstuffs as fruits and vegetables. However, because heat and 
physical activity have a tremendous effect on the maintenance of adequate water levels, 
especially during heat waves or physical exertion, people should be particularly careful to 
maintain adequate water intake.  

Studies on the role of water and physical activity in athletes and the military service members 
have shown that a lack of water consumption can lead to a decrease in physical performance, 
such as reduced endurance and increased fatigue. Studies on physical activity executed in hot 
temperatures has demonstrated strong associations between dehydration and hyperthermia, 
reduced stroke volume and cardiac output, decrease in blood pressure, and reduced blow flow to 
muscles (Popkin, D’anci, and Rosenberg, 2010). Further, dehydration has been shown to affect 
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mood and cognitive functioning (e.g., concentration, alertness), although the effect is highly 
contingent on the level of dehydration the individual is experiencing.  

Although there is strong evidence linking water to certain chronic diseases (e.g., urolithiasis), 
the general position of the National Institutes of Medicine is that there is insufficient evidence to 
establish water intake recommendations as a way to reduce the risk of chronic diseases (National 
Institutes of Medicine, 2005. Although adequate intake) levels have been set according to age 
and gender, some argue that these estimates are riddled with measurement issues given the 
myriad of variables that can affect intake (e.g., the environment, an individual’s health status) 
(Popkin, D’anci, and Rosenberg, 2010). Further research is needed to develop reliable estimates 
of adequate water intake. 

Alcohol. Some research exists on the purported health benefits of alcohol consumption as 
well as the role of alcohol in diet-related disease (e.g., obesity):4 

• There is strong evidence from observational studies that moderate drinking (i.e., 
consumption of up to one drink per day for women and up to two drinks per day for men) 
is associated with a lower risk of CVD.  

• Although further research is needed, some studies suggest that moderate alcohol intake is 
associated with a reduced risk of all-cause mortality among middle-aged and older adults 
and preservation with cognitive functioning in this same population (Emberson et al., 
2005; Elkind et al., 2005; Mukamal et al., 2005a, 2005b; Di Castelnuovo, 2006). 

• Some studies have shown that moderate levels of drinking are not associated with weight 
gain among women or men (Liu et al., 1994; Sammel et al., 2003; Sherwood et al., 2000; 
Wannamethee and Shaper, 2003; Wannamethee et al., 2004; Koh-Banerjee et al., 2003; 
Tolstrup et al., 2008). Other studies do show an association between alcohol consumption 
and weight gain, perhaps due to the high sugar components of mixed drinks (U.S. 
Department of Agriculture and U.S., Department of Human Services, 2010). 

Moderate levels of alcohol can confer certain health benefits on some adults, but alcohol 
should never be consumed by young children, pregnant women, persons taking medications that 
may interact with alcohol, and individuals with certain medical conditions (e.g., people with liver 
disease) (Dietary Guidelines Advisory Committee, 2010).  

Energy Drinks. Energy drinks (e.g., Red Bull) are increasingly consumed by Americans, 
especially young men. Energy drinks are also the preferred caffeine-containing product among 
the younger military population (Montain et al., 2012). Energy drinks have been marketed quite 
aggressively as “performance enhancing” in the United States with little evidence that they 
improve physical performance (i.e., physical endurance, strength).  

Of the evidence suggesting increased performance from consumption of energy drinks, most 
studies show that caffeine (i.e., the main component in energy drinks) is the main factor affecting 

                                                
4 Evidence on the deleterious effects of alcohol abuse on health is explained in the companion report on the 
behavioral domain. 
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performance. The latter has been associated with enhanced endurance among athletes and male 
non-athletes (Laurent et al., 2000).  

Other components of energy drinks have rarely been studied and thus little is known about 
the effects of these ingredients in conjunction with caffeine on performance and health. We 
highlight here some findings from the few studies focused on components of energy drinks: 

• Taurine: The amount of taurine found in energy drinks is far below the amount expected 
to deliver either therapeutic effects (e.g., some studies found taurine to have anti-
inflammatory properties; others have found that it can improve exercise performance) or 
adverse effects (Higgins, Tuttle, and Higgins, 2010, p. 1036). 

• Guarana: This rainforest vine is traditionally used by Amazonian peoples for energy, 
and it is considered a stimulant. Although energy drinks do not contain enough guarana 
to cause harm, some young adults have been reported to overdose on caffeine contained 
in drinks with guarana as an ingredient. 

• Ginseng: This herbal supplement is thought to increase resistance to stress and fatigue; 
however, its performance enhancement benefits have yet to be definitively shown in 
scientific studies (Bahrke, Morgan, and Stegner, 2009). 

• Ginkgo biloba: Not enough studies have been done to confirm the positive or negative 
effects of ginkgo biloba on humans (Nicolai et al., 2009). 

• L-carnitine: This amino has been found to improve performance and recovery among 
some samples of athletes (Karlic and Lohninger, 2004). 

• Sugar: Sugar is a key ingredient in energy drinks, given the role of glucose in the natural 
production of energy (Higgins, Tuttle, and Higgins, 2010). Administration of glucose 
before and during prolonged periods of exercise (i.e., more than an hour) has been 
associated with improved performance (e.g., endurance) (Jeukendrup, 2004). However, 
the average energy drink contains more than one-quarter of a cup of sugar in one can (or 
500 mL) (Higgins, Tuttle, and Higgins, 2010), which far exceeds the daily amount of 
sugar recommended by the Dietary Guidelines Advisory Committee. Therefore, when 
consumed in large quantities, energy drinks may be a hidden source of calories. And even 
if the sugar-free version is consumed, the official position of the Academy of Nutrition 
and Dietetics is that there is inconclusive evidence to show that replacement of sugar-
sweetened beverages with sugar-free versions actually reduces body weight (Academy of 
Nutrition and Dietetics, 2012).  

As noted above, there is a dearth of research concerning the ways in which all the 
components of energy drinks in conjunction with each other affect performance and health.  

Another concern is binge drinking of energy drinks with alcohol, which is a common practice 
among youth, especially white males in college (Higgins, Tuttle, and Higgins, 2010). This 
combination can impair cognitive function and, more important, can reduce symptoms of alcohol 
intoxication. In rare cases, energy drinks have also been linked to death among healthy male 
adults and psychiatric episodes among individuals with known psychological conditions 
(Higgins, Tuttle, and Higgins, 2010). The consumption of energy drinks has also been associated 
with changes in the cardiovascular system as well as a decrease in pain threshold (Higgins, 
Tuttle, and Higgins, 2010). Given that there is no study documenting the long-term effects of 



 

  19 

energy drinks, experts recommend that non-athletes restrict their intake to one can per day (i.e., 
less than 400 mg caffeine per day given that beverages come in various sizes and caffeine loads). 
Experts also recommend that athletes who exercise for less than an hour should not consume 
energy drinks for performance-enhancing purposes.  

Other Beverages. Other noteworthy beverages are non-alcoholic caffeinated drinks, such as 
coffee or tea. After water, coffee is the beverage most often consumed around the world (Sadiq-
Butt and Sultan, 2011). In the United States, 80 percent of U.S. adults consume caffeine every 
day, often through coffee consumption (although soda intake is very prevalent) (U.S. Food and 
Drug Administration, 2007).  

There are documented benefits from moderate coffee intake, including lower risk for certain 
cancers, lower incidence of metabolic syndromes such as diabetes, lower risk of coronary heart 
disease, and lower risk of Alzheimer’s disease and Parkinson’s disease; however, the effects 
regarding Parkinson’s disease differ across gender (Sadiq-Butt and Sultan, 2011; Arendash and 
Cao, 2010). These effects are often attributed to the caffeine in coffee and other high-caffeinated 
non-alcoholic drinks, such as black teas (Steptoe et al., 2007). Caffeine has been consistently 
found to positively affect cerebral function, such as cognition in adults and adolescents, and has 
been found to decrease late-life dementia risk (Biessels, 2010).  

Despite the strong evidence from observational studies, more research is needed, given that it 
is very difficult to isolate caffeine intake from other factors that may be equally important in 
affecting cognition and other cerebral function (Biessels, 2010; Arendash and Cao, 2010). 
Research on the effects of caffeine (as found in coffee) suggests that it can be associated with 
insomnia and coronary complexities (e.g., uneven heart rhythm), and that regular caffeine users 
can develop a tolerance to caffeine (Sadiq-Butt and Sultan, 2011; Federal Food and Drug 
Administration, 2007). However, the health benefits of caffeine will not be conferred if intake 
occurs through caffeinated alcoholic drinks (Sadiq-Butt and Sultan, 2011). Also, certain 
vulnerable populations, such as children and pregnant women, will likely not benefit from high 
caffeine consumption (Sadiq-Butt and Sultan, 2011). 

Dietary Supplements 

The U.S. Food and Drug Administration (2013) defines a dietary supplement as “a product 
taken by mouth that contains a dietary ingredient intended to supplement the diet” (U.S. Army 
Public Health Command, undated). The “dietary ingredients” in these products may include 
vitamins, minerals, herbs or other botanicals, amino acids, and such substances as enzymes, 
organ tissues, glandulars, and metabolites =However, this report will focus only on “health 
enhancement dietary supplements,” given their high consumption by military populations (e.g., 
over 65 percent report using this kind of dietary supplement at least once a week) to achieve or 
maintain high fitness levels. To understand more about military personnel’s use of dietary 
supplements in general, see Greenwood and Oria (2008).  



 

  20 

Creatine. Of the health enhancement dietary supplements, creatine is extremely popular, 
given some evidence that it improves muscle energy and strength. Upon closer examination, use 
of creatine has been found to be effective only among young men for repetitive bursts of exercise 
lasting less than 30 seconds (i.e., it has no effect in endurance sports, such as running or 
swimming) (Tarnopolsky, 2010; Dempsey, Mazzone, and Meurer, 2002; Branch, 2003; 
Jenkinson and Harbert, 2008). Adverse effects of short-term and long-term creatine use include 
upset stomach, especially among individuals whose creatine intake is higher than the 
recommended dosage (Tarnopolsky, 2010). 

Ephedra. Another supplement containing stimulants and marketed for muscle building or 
weight loss is ephedra and ephedrine-like substances (e.g., ma huang) (Greenwood and Oria, 
2008; Lieberman et al., 2007). In combination with caffeine, ephedrine appears to produce 
weight loss (in trials of 1–12 months duration) and has been found to be effective in the 
management of asthmatic bronchoconstriction and hypotension in various trials (Mayo Clinic, 
2012). 

However, this particular supplement has also been linked to serious cardiovascular adverse 
effects (e.g., stroke, myocardial infarction) (Cohen and Ernest, 2010). In fact, the herbal 
stimulant ma huang was banned in the United States in 2004 after reports of adverse health 
effects, including death (Cohen and Ernest, 2010).  

Other Supplements. Research on civilian populations suggests that some dietary 
supplements, such as red yeast rice (i.e., an ancient Chinese dietary supplement known as red 
Koji or Hong Qu), offer lipid-lowering benefits according to several randomized controlled trials 
(Gordon and Becker, 2011). However, there is an overall dearth of research regarding 
supplements and specific health outcomes (e.g., few fiber supplements have been studied for 
physiological effectiveness; therefore, it is best to consume fiber in foods) (Slavin, 2008). 
Indeed, the evidence report for the Dietary Guidelines Advisory Committee states that a “daily 
multivitamin/mineral supplement does not offer health benefits to healthy Americans.” In 
addition, the report recommends that Americans be cautious when consuming mineral/vitamin 
supplements, because they have been associated with harmful effects in some settings.  

Dietary Patterns and Behavior 

In the final section in this chapter, we focus on what is known about consuming various 
nutrients in conjunction with each other. Above and beyond single nutrients, the consumption of 
various nutrients in systematic conjunction can also have an effect on health and well-being (i.e., 
dietary patterns).  

Dietary Approaches to Stop Hypertension. The Dietary Approaches to Stop Hypertension 
(DASH) diet, based on the DASH studies funded by the National Heart, Lung, and Blood 
Institute), is a 2,100-calorie eating plan that focuses on reducing saturated fat while also 
increasing fruits, vegetables, and low-fat or fat-free milk and milk products. Another important 
focus of DASH is to reduce sodium consumption so that intake should range from 1,500 mg 
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(most effective) to 2,300 mg (Dietary Guidelines Advisory Committee, 2010). DASH has been 
found to lower blood pressure, improve blood lipids, and reduce CVD risk over the typical 
American diet (Appel et al., 2003, 2005, 1997; Azadbakht et al., 2005; Dauchet et al., 2007; 
Forman, Stampfer, and Curhan, 2009; Miller et al., 2002; Nowson, Wattanapenpaiboon, and 
Pachett, 2009; Nowson et al., 2005; 2004; Sacks et al., 2001; Schulze et al., 2003; Fung et al., 
2001, 2008; Heidemann et al., 2008; Hu et al., 2000; Levitan, Wolk, and Mittleman, 2009; Osler 
et al., 2001; Parikh, Lipsitz, and Natarajan, 2009; Singman et al., 1980).  

Mediterranean Diet. Research has also focused on the Mediterranean-style diet, which 
consists of vegetables, fruits, nuts, olive oil, and grains. It also calls for small amounts of meat 
and full-fat milk and milk products, and it often includes wine with meals. In most studies, 
individuals consuming a Mediterranean-style diet have reduced CVD risk factors, reduced 
incidence of CVD, and a lower rate of total mortality (Knoops et al., 2004; Esposito et al., 2004).  

Vegetarian Diet. A vegetarian diet has been consistently associated with lower blood 
pressure (Hakala and Karvetti, 1989; Rouse et al., 1983; Sciarrone et al., 1993; Margetts et al., 
1986), decrease in CVD (Chang-Claude et al., 2005; Fraser, 2005; Key et al., 1998; Mann et al., 
1997), and reduced risk of death (Fraser, 2005; Key et al., 1998; Mann et al., 1997). Vegetarians 
also tend to consume fewer overall calories and have a lower BMI than non-vegetarians (Dietary 
Guidelines Advisory Committee, 2010). 

Diet Density. Dietary energy density (kcal/g [kJ/g]) can have a significant effect on energy 
intake, independent of either macronutrient composition or palatability, among women under 
controlled laboratory conditions (Bell et al., 1998), and this effect persists with repeated meals, 
leading to substantial weight gain if meals are consistently energy-dense. For example, 
laboratory feeding studies manipulating energy density indicate that individuals consistently 
consume more energy when presented with foods having a higher energy density than with 
similar foods having a lower energy density (Rolls, 2009). Further, dietary energy density has 
been associated with satiety, energy intake, and body weight in healthy individuals (Rolls, 2009). 
Lowering dietary energy density could provide effective strategies for the prevention and 
treatment of obesity; however, further research is needed to understand the factors underpinning 
its effects in real-world settings. 

Fast Eating. A recent retrospective longitudinal study found that “fast-eaters,” especially 20- 
to 29-year-olds, were more likely to gain weight. In contrast, a randomized study found no 
association between eating speed and weight among lean and obese women (Spiegel et al., 
1993). Further, a body of work suggests that when individuals can eat at will and eat quickly 
until satisfactorily full, they will eat more food (and more calories) than if they ate more slowly. 
Equally important, they have same sense of fullness during the early post-prandial period (Karl, 
Young, and Montain, 2011). More research is needed to understand how eating speed may be 
related to rate of weight gain (Tanihara et al., 2011).  

Compulsive Eating. Prospective longitudinal studies have found an association between 
binge eating and an increase in body fat mass in children (Puder and Munsch, 2010) and an 
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increased prevalence of uncontrolled eating behavior in obese children and adolescents 
(Tanofsky-Kraff et al., 2008). Emotional eating is a key factor in binge-eating disorder (BED) 
among adults, and adults with BED are more likely to internalize and externalize behavioral 
problems than individuals without BED (Puder and Munsch, 2010). 

Other Dietary Behaviors. Dietary behaviors such as snacking, eating breakfast, and 
consuming liquid rather than solid foods have been researched, albeit some in more depth than 
others. We highlight some findings from this research:  

• Eating fast food: Strong evidence suggests that adults and children who consume fast 
food are at risk for weight gain, becoming overweight, and obesity, especially those who 
eat one or more fast food meals a week (Rosenheck, 2008). 

• Portion size: Strong evidence suggests that serving sizes matter for adults trying to 
maintain a healthy weight (Gilhooly et al., 2007; Hannum et al., 2004, 2006; Pearcey and 
De Castro, 2002). 

• Breakfast: There is inconsistent evidence that skipping breakfast places adults at risk for 
becoming overweight or obese (Purslow et al., 2008). There is more evidence suggesting 
that skipping breakfast increases children’s risk of becoming overweight or obese, 
although the evidence is much stronger for adolescents (Crossman, Sullivan, and Benin, 
2006; Merten, Williams, and Shriver, 2009; Niemeier et al., 2006). 

• Low-quality snacking (e.g., high in fat): There is inconsistent evidence that snacking is 
associated with increased body weight in adults, but many researchers have noted that 
studies define snacking behaviors in vastly different ways, and this is the driving factor 
for the inconsistency in findings (U.S. Department of Agriculture and U.S. Department of 
Health and Human Services, 2010).  

• Frequency of meals: There is not enough research to suggest that the frequency of eating 
small meals throughout the day is associated with any particular health outcomes for 
children, adolescents, and adults (U.S. Department of Agriculture and U.S. Department 
of Health and Human Services, 2010). The more pressing issue is that meals (whether as 
a combination of several small ones or three individual meals) should not exceed the 
daily recommended caloric intake for a given individual.  

• Liquid calories: Limited research suggests that consuming soup, especially broth or 
water-based soups, may lead to fewer consumed calories a day and lower body weight 
over time (Rolls et al., 2005). However, most research focused on liquid nutrition is 
based on supplementation to ill patients in clinic settings; therefore, there is a dearth of 
research documenting the effects of popular liquid diets on health outcomes (U.S. 
Department of Agriculture and U.S. Department of Health and Human Services, 2010). 

• Replacement of added sugars with non-caloric sweeteners: This dietary behavior 
reduces caloric intake, but research does not suggest that it helps sustain a healthy body 
weight over time (U.S. Department of Agriculture and U.S. Department of Health and 
Human Services, 2010). 

• Food reward philosophy: Reward-related consumption can lead individuals to exceed 
the adequate amount of calories, but there is limited research exploring “hedonic” 
systems in brain influence and food intake. Of the recent studies, some have found that 
rewarding oneself with unhealthy food may affect the same “brain reward circuitries” that 
are triggered by drug abuse (Kenny, 2011). 
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• Western diet: A diet characterized by processed or fried foods, refined grains, sugary 
products, and beer is associated with increased risk for depression and anxiety in women 
compared to more traditional diets (i.e., those composed of vegetables, fruit, meat, fish, 
and whole grains) (Jacka et al., 2010). Asian diets in particular (e.g., traditional Japanese 
dietary patterns that emphasize soybean products, fish, seaweeds, vegetables, fruit, green 
tea, and meat in limited quantities) may have beneficial effects on cardiovascular health 
(Shimazu et al., 2007).  

Conclusions 

This chapter has discussed a wide variety of existing measures of individual food intake and 
has discussed what is known about the relation of those measures to health outcomes.  

 When measuring food intake, foods linked to health outcomes should be included (e.g., 
vegetables, fruits), and intake should be measured with validated and reliable instruments that 
are appropriate for a given goal (e.g., food frequency questionnaires if the goal is to assess 
typical dietary patterns). Food intake studies should also assess the role of important 
micronutrients (e.g., sodium) and supplements, which are often not assessed but which clearly 
have the potential to affect health outcomes, whether positively or negatively (e.g., a decrease in 
sodium intake was consistently associated with a decrease in CVD). Further, research suggesting 
that Omega-3 fatty acids can uniquely affect a myriad of psychological, neurological, and 
metabolic responses may be important for achieving nutritional fitness. 
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4. Motivators and Barriers: Psychosocial and Environmental 
Variables 

Nutrition research has documented the difficulties individuals face when attempting to 
initiate or maintain a healthful diet. Knowing dietary guidelines and their associations with 
health outcomes has proven to be an insufficient motivator for diet-related behavior changes 
(Brug, 2008). Indeed, research documents a complex set of psychosocial factors that may inhibit 
individuals from acting on their intention of adopting healthy eating habits successfully and 
consistently. The scientific research discusses many constructs that can affect people’s ability to 
eat a healthy diet (e.g., barriers, intentions, knowledge, motivation, religiosity, norms), but the 
constructs of self-efficacy, social support, and attitudes seem to be particularly important for 
fruit, vegetable, and fat intake among adults and children (Shaikh et al., 2008).  

In this chapter, we focus on two types of factors that can affect individuals’ ability to 
maintain a healthy diet: psychosocial factors, such as self-efficacy and social support, and 
features of the neighborhood food environment, such as access to full-service supermarkets. For 
each type of factor, we first discuss available measures and then describe findings from the 
scientific research concerning the relationship of the factors and health outcomes. 

Psychosocial Factors 

Measurement of Psychosocial Variables 

Increasingly, behavioral intervention research discusses the psychosocial factors that are 
hypothesized to spark diet-related behavior and change. However, much work is still needed to 
elucidate the role of psychosocial factors in diet; this need highlights the importance of using 
valid and reliable measures in this line of research.  

One fundamental issue of measurement concerns the definition of key variables. Although 
studies on nutrition and behavior consistently use similar concepts (e.g., self-efficacy), these 
concepts are defined in a variety of ways. For example, the concept of self-efficacy derives from 
Bandura’s social cognitive theory and was originally defined as the self-confidence in being able 
to perform a particular behavior and to overcome the likely barriers in performing that behavior 
(Bandura, 1997).5 However, some studies fail to adhere to the original conceptualization (e.g., 
omitting the barrier component so that measures capture only a person’s self-confidence), 
whereas others do not report the reasons why their conceptualization deviates from the original 
(Baranowski, Webercullen, and Baranowski, 1999). Different conceptualizations have a direct 

                                                
5 Also see the companion report on the psychological domain. 
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effect on measurement, since studies will not be using measures that tap into the same constructs 
systematically.  

Another aspect of measurement of psychosocial variables in nutrition research is that many 
measures consist of truncated versions of larger scales, yet studies fail to analyze the validity or 
reliability of the shortened version in their samples. Modification of a measure either in length or 
language can affect the instrument’s psychometric properties (Devellis, 2003).  

There is also an overreliance on single-item measures, even though comprehensive 
psychosocial measures have been validated in adult samples, such as the Food Belief Survey 
(Anderson, Winett, and Wojcik,, 2007; Anderson et al., 2000, 2001). Food Belief Survey 
measures have been validated across diverse samples and tap a variety of psychosocial contrasts 
(e.g., social support, self-regulation) through separate subscales, all of which exhibited good to 
excellent psychometric properties (i.e., alpha .76–.91). Further, the survey evaluates enabling 
factors (e.g., positive outcome expectancies) as well as potential barriers (e.g., negative outcome 
expectancies). This feature is particularly desirable, given the tendency to focus on either the 
positive or negative dimensions.  

Multiple measures that tap into a range of psychosocial constructs have been developed and 
used among children or adolescents. One study tapping a wide range of psychological constructs 
was the Gimme 5 randomized school trial designed to increase fruit and vegetable intake 
(Baranowski et al., 2000). Scales measured standard constructs of knowledge (e.g., pretend your 
family is going out to eat supper at a fast food place. You order a hamburger, fries, and milk 
shake. How could you add another serving of fruit or vegetables to your meal?), social norms 
(e.g., most people in my family think that eating three or more servings of vegetables each day is 
a good thing for me to do), and self-efficacy at eating fruit and vegetables (e.g., I think I can add 
my favorite fruit to my favorite cereal). The study also used scales that measured snack 
preferences (e.g., right after school, I prefer to have my favorite fruit or favorite cookie), asking 
and shopping self-efficacy (e.g., I think I can ask my parent or guardian to buy my favorite fruit 
the next time she or he goes food shopping), and asking behaviors (e.g., in the last two weeks, 
did you ask someone in your family to go to a restaurant or fast food place because it serves fruit 
or vegetables?).  

However, even the scales highlighted above have a degree of error, since they are based on 
self-report. Although self-report is a common way to gain psychosocial data from individuals, 
some have identified innovative ways in which the self-reported measure could be supplemented 
by another data collection approach. An example is to measure the concept of preferences via a 
validated rating scale and through an actual tasting presentation (e.g., having individuals identify 
their preferences with real choices in front of them). Another would be to assess a person’s social 
support via a rating scale and through social network methodology (Baranowski, Webercullen, 
and Baranowski, 1999). 
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Evidence of the Relationship Between Psychosocial Factors and Weight-Related 
Outcomes  

As noted, the majority of research on psychosocial determinants of dietary behavior among 
adults focuses on fruit and vegetable intake (i.e., behavior) or individuals’ intentions to consume 
fruit and vegetables. The efficacy of prediction varied according to the theoretical framework, 
with studies using the Social Cognitive Theory and Theory of Planned Behavior frameworks 
having higher predictive value than multicomponent studies or studies using the Health Behavior 
Model.  

Longitudinal studies found that psychosocial variables had stronger predictive value than 
cross-sectional studies in relation to fruit and vegetable intake. Interestingly, studies sampling 
both men and women had higher overall efficacy of prediction of behavior relative to studies 
sampling only men or only women (Guillaumie, Godin, and Vézina-Im, 2010).  

In a recent review of the literature, Guillaumie, Godin, and Vézina-Im (2010) found that the 
variables most consistently associated with the prediction of fruit and vegetable intake were 
habit, motivation, and goals beliefs about capabilities and knowledge. These same variables were 
also meaningful for studies focusing on only fruit intake or vegetable intake; however, for the 
latter, taste was particularly important in predicting behavior. For studies on intention to eat fruit 
and vegetables, beliefs about capabilities, beliefs about consequences, and social influences were 
the most meaningful. These same variables were also consistently associated with the intention 
to eat fruit and vegetables.  

In studies of the psychosocial determinants of dietary outcomes in children and adolescents, 
fruit, vegetable, and fruit juice intake was also the most common outcome of interest. However, 
there was more variation than in the literature on adults, with some studies focusing on fat intake, 
energy intake, sugar snacking, and fiber intake (McClain et al., 2009). We highlight some key 
findings here: 

• Fruit, vegetable, and juice consumption: For fruit, vegetable, and juice consumption, 
perceived “modeling” (i.e., the extent to which the parent engages in a specific dietary 
behavior as reported by the child) was consistently associated with such consumption, as 
were liking, knowledge, and preferences. Other variables, including attitude, availability, 
perceived barriers, outcome expectations, self-efficacy, social desirability, and social 
support, were not consistently associated with fruit, vegetable, and juice consumption 
(McClain et al., 2009).  

• Fat intake: No one psychosocial factor was consistently associated with fat intake, but 
knowledge and social support were associated with total energy intake.  

• Sugar intake: Attitudes toward healthy eating and intentions to consume sugar-
sweetened snacks and drinks were consistently associated with eating sugar-sweetened 
snacks (e.g., less consumption of candy with more positive attitudes toward healthy 
eating), whereas intention to drink soda and perceived modeling was associated with 
sweetened beverage intake.  
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• Fiber intake: Familial and social support were associated with fiber intake but no other 
variables. Support was also associated with other healthful dietary behavior (e.g., 
consumption of low-fat dairy products), in addition to norms, self-efficacy, and perceived 
modeling. Regarding the latter construct, it should be noted that only perceived modeling, 
not modeling as reported by a parent, had consistent predictive value with the dietary 
behaviors in children and adolescents.  

Familial stress is another psychological correlate of obesity, specifically childhood obesity 
(Puder and Munsch, 2010). The hypothesis is that families with chronic sources of stress, such as 
mental disorders, foment patterns of excessive eating (Puder and Muchsch, 2010). Obese 
children are also less likely to be able to curb impulsive behavior (i.e., they have less ability to 
self-regulate), especially children with Attention Deficit Hyperactive Disorder. Further, obese 
children tend to exhibit depressive symptoms, anxiety, social withdrawal, and isolation 
(Goodman and Whitaker, 2002; Rofey et al., 2009). The relationship between depression and 
increased food intake is consistent in samples of children and adolescents (Puder and Munsch, 
2010), with many researchers highlighting that it is the chronic stress produced by depression 
that is related to adverse metabolic responses (Hasler et al., 2005). These correlates of obesity 
might represent risk factors for future depression (Puder and Munsch, 2010). 

Nutrition and the Environment  

The growing number of studies attempting to assess specific features of the food 
environment related to food behaviors and health was sparked by the idea that neighborhood 
features can affect health. Although this idea has a long history in the social sciences, and 
various theoretical frameworks have been developed to study associated concepts, emerging 
public health investigations of the role of the neighborhood environment in eating are very much 
in their infancy (Die Roux, 2001).  

Measurement of Environmental Variables 

The emerging public health research predominantly relies on the ecological framework 
developed by Stokols (Stokols, 1992) and applied by Glanz and colleagues (Glanz et al., 2005). 
In the original model, the “nutrition environment” comprised four primary areas: (1) community 
food environments (i.e., types and characteristics of available food outlets in a particular 
geographic area); (2) organizational food environments (i.e., features of the home, school, 
worksites, churches, and health care facilities that can affect diet-related choices); (3) consumer 
food environments (e.g., the characteristics within food outlets, such as the availability, cost, and 
quality of the food options); and (4) informational food environments (i.e., media and advertising 
available at the meso and macro levels that can influence individual diet-related choices) (Glanz 
et al., 2005).  

Most research on neighborhood effects on diet and diet-related diseases has focused on the 
organizational, community, and consumer environments. Out of the 48 instruments developed to 
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measure the food environment, 25 measure organizational food environment, 10 measure 
community environments, 13 measure the informational food environment, and 11 measure the 
consumer food environment (Ohri-Vachaspati and Leviton, 2010).6  

The majority of food environment measures, irrespective of domain, have not been tested for 
reliability, and even fewer have been tested for validity. Reliability and validity data are 
available for only 25 percent of the total sample of measures, and only 12 percent have been 
tested for reliability (Ohri-Vachaspati and Leviton, 2010). To address this issue, efforts are under 
way to develop valid and reliable measures that can be used in multiple populations (e.g., low-
income) and by a wide array of people interested in the food environment (e.g., researchers, 
community organizations). An example of this kind of measure for the consumer environment is 
the Nutrition Environment Measures Surveys (NEMS), a set of instruments to measure the price 
of healthy and standard food options in various environments (e.g., supermarkets, restaurants). 
The NEMS is not only comprehensive (i.e., the NEMS Restaurant Measure [NEMS-R] focuses 
on eight types of food indicators and the NEMS Store Measures [NEMS-S] include 11 measures 
of retail store nutrition environments) but can easily be tailored to be culturally appropriate for 
specific community contexts. The measures have been field-tested, have yielded good reliability 
and validity, and are currently being used in more than 46 research projects (Honeycutt et al., 
2010). Compared to the other consumer food environment measures, the NEMS has had more 
rigorous testing for psychometric properties. It also assesses crucial aspects of the food 
environment as they relate to diet quality and healthy food choices (e.g., NEMS-S rates the price 
and availability of 10 indicator food categories and assesses the quality of fresh fruit and 
vegetables). However, more research is needed to determine the predictive value of this measure 
in regards to specific dietary behaviors.  

A measure of the community environment that has been field tested and tailored to the 
military context has been the Nutrition Environment Tool (NEAT). NEAT was used to develop 
the Choose Health Options at Work (CHOW) in the U.S. Navy and Marine Corps and Develop 
Improved Nutrition Environment (DINE) in the U.S. Air Force. Similar to the original NEAT, 
DINE and CHOW are online tools that measure policies, barriers to access, availability, 
nutritional quality, and information (Moore, 2005). The original NEAT was developed by the 
Michigan Health Communities Collaborative to support Michigan citizens in eating healthier 
(Michigan Healthy Communities Collaborative, undated). Once stakeholders review and 
complete the assessment, the data can then be used to develop a NEAT Action Plan, a tool that 
helps individuals prioritize actions to create a healthy environment and also records progress 
toward individual goals, which can then be evaluated for efficacy. The original NEAT has been 
tested for reliability and validity and used in multiple settings (Ohri-Vachaspati and Leviton, 
2010). Compared to other community food environment measures, the NEAT was among the 
most desirable measures, given its psychometric properties. It also captures key aspects of the 
                                                
6 Frequency does not sum to an 48 because some instruments measured multiple food environments 
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domains of interest (e.g., diet quality, nutritional information). However, it does not measure 
some key aspects of the food environment, such as price. 

For measures in the organizational domain, only three were developed for the worksite food 
environment, and only two have been tested for either reliability or validity. All measure access, 
availability, and nutrition. However, neither the Organizational Characteristics of Worksite 
Survey nor the Worksite Environment Measure taps the aspect of quality. Given the importance 
of diet quality in achieving nutritional fitness, the Checklist of Health Promotion Environments 
at Worksite would be a better suited measure (Myers, Housemann, and Lovegreen, 2008; 
Shimotsu et al., 2007; Oldenburg, Harris Sallis, and Owen, 2002).  

Last, the two measures in the informational domain are focused on media, advertising, and 
policies in the school environment. However, only the School Food and Beverage Marketing 
Inventory has been tested for reliability and validity (Samuels and Associates, 2006). 

The Association Between the Neighborhood Food Environment and Diet  

A major issue concerning research on the built environment is the lack of continuity across 
studies in their use of metrics and operationalization of the built environment. For studies solely 
focused on the food environments (n = 22), many use objective metrics derived from such 
administrative units as census tracts (Grafova et al., 2008; Li et al., 2008; Mehta and Chang, 
2008; Morland, Diez Roux, and Wing, 2006; Morland, Wing, and Diez Roux, 2002; Mujahid et 
al., 2008; Lopez, 2007; Powell et al., 2007; Wang et al., 2007; Inagami et al., 2006; Mobley et 
al., 2006; Nelson et al., 2006; Simmons et al., 2005; Sturm and Datar, 2005; Burdette and 
Whitaker, 2004; Maddock, 2004). Some use a Euclidean buffer to measure neighborhoods (i.e., a 
small area thought to be significantly unique for individuals living in that particular area) 
(Crawford et al., 2008; Liu et al., 2007; Jeffery et al., 2006), and others simply did not define the 
concept of neighborhood (Casey et al., 2008; Boehmer et al., 2007; Poortinga, 2006). Most of 
these metrics derive from data availability rather than any concrete theoretical framework.  

There is a growing body of evidence documenting the linkages between the food 
environments, dietary behaviors, and the body weight of adults and children. One area of 
research has focused on the effect of supermarkets and other food outlets on diet and increased 
risk for obesity. Residing closer to a large grocery store or supermarket has been linked to better 
dietary quality, as well as lower risk of obesity and other risk factors for chronic disease 
(Morland, Wing, and Diez Roux, 2002; Bodor et al., 2008; Cheadle et al., 1991; Laraia et al., 
2004; Moore, Diez Roux, and Brines, 2008; Rose and Richards, 2004; Casagrande et al., 2009; 
Ford and Dzewaltowski, 2008; Giskes et al., 2007; Holsten, 2009; Jago, Baranowski, and 
Baranowski, 2007; Kamphuis et al., 2006; Papas et al., 2007; Van Der Horst et al., 2007). 
Compared with other food stores, supermarkets tend to offer a large variety of high-quality 
healthful food products at lower cost (Block and Kouba, 2006; Chung and Myers, 1999; Bodor et 
al., 2008). For example, a study of 2,392 African Americans and 8,231 white Americans aged 
49–73 years who were enrolled in the Atherosclerosis Risk in Communities study showed a clear 
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relationship between living in a census tract with at least one supermarket and meeting current 
federal dietary guidelines for fruit and vegetable intake (Morland et al., 2002). In another study 
of urban African American women, Zenk and colleagues found that women who shopped at 
supermarkets consumed fruit and vegetables more often than those who instead shopped at 
smaller, independent grocers. Further, several studies have shown that better spatial access to a 
supermarket is related to a reduced risk for obesity (Liu et al., 2007; Morland et al., 2006; Powell 
et al., 2007). A study of more than 10,000 adults residing in Mississippi, North Carolina, 
Maryland, and Minnesota found that people living in census tracts with spatial access to 
supermarkets and grocery stores had the lowest levels of obesity (21 percent) (Morland et al., 
2002). The highest levels of obesity (32–40 percent) were observed in census tracts with only 
small grocery stores or small grocery and convenience stores but no supermarkets, even after 
controlling for individual-level sociodemographic factors.  

The evidence relating to food retail outlets is less consistent for children. That is, some 
studies show no evidence linking dietary intake to supermarket access but instead show that the 
distance from home to a convenience store does affect children’s dietary patterns (Larson, Story, 
and Nelson, 2009). Further, recent studies have found that greater access to supermarkets is not 
associated with healthful dietary behaviors (e.g., consumption of fruits and vegetables) and BMI 
in children or adolescents (An and Sturm, 2012; Lee, 2012). 

Other foci of the food environment literature include the availability of fast food restaurants 
and food marketing environments. Regarding the former, there is consistent, albeit a small 
amount, of research documenting that density of fast food restaurants and convenience stores is 
related to increased body mass index (Holsten, 2009; Papas et al., 2007). Research on food 
marketing suggests that energy-dense, nutrient-poor products are aggressively marketed in the 
United States, especially in poor urban areas where many low-income individuals reside (Larson, 
Story, and Nelson, 2009) and among children, which in turn may affect dietary behaviors.  

 In several countries (e.g., Belgium, Sweden, Norway), the marketing of nutrient-poor food 
on TV has sparked regulation to restrict the amount of advertising programming viewed by 
children. However, the United States has chosen to intervene only when advertisements are 
blatantly deceptive (McGinnis, Gootman, and Kraak, 2006).  

Taken together, research on food environments can benefit from the following: 

• better measures of food environments 
• more theory-driven research 
• longitudinal studies, since most findings on the food environment to date are based on 

cross-sectional and observational data 
• use of research on other contexts (i.e., interpersonal) to supplement the findings from 

food environment studies. 
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Conclusions 
The vast amount of research investigating the relationship between nutrition and health 

speaks to importance of understanding the multidimensionality of nutrition. The individual and 
social factors highlighted in this report need to work in tandem to truly achieve a nutritional 
pattern that foments physical and psychological resilience. The previous chapter discussed 
evidence linking the intake of certain foods to specific health outcomes.  

In this chapter, we built upon that discussion by describing the ways in which dietary intake 
is affected simultaneously by psychosocial factors (e.g., self-efficacy) and the food environment. 
For example, it is not enough to measure whether a person has the confidence that she/he can 
consume more fruits and vegetables, but that she/he can do so in the face of barriers (e.g., 
restricted availability of fresh fruits and produce at a nearby supermarket). It is also important to 
be mindful that the neighborhood food environment is not the only food environment an 
individual is exposed to: Measuring the organizational food environment (e.g., work or school 
food environments) is also crucial, especially in light of the innovative interventions currently 
under way. It is those interventions that we turn to in the next chapter. 
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5. Interventions That Promote Nutritional Fitness 

In this chapter, we discuss interventions designed to promote nutritional fitness. These 
include environment-level interventions, context-specific interventions, and individual-level 
interventions. 

Overview 

Most diet/nutrition interventions are lifestyle programs designed to modify specific behaviors, 
such as fruit and vegetable intake. These interventions address a range of target populations, such 
as school children and employees; however, some programs focus on specific populations, such 
as faith-based groups (e.g., Body and Soul; Eat for Life; North Carolina Black Churches United 
for Better Health Project), medically underserved populations (e.g., Little by Little, Parents As 
Teachers, High 5 Low Fat Program), low-literate individuals (e.g., the Stanford Nutrition Action 
Program), or overweight/obese individuals (e.g., SHAPEDOWN, DINE Healthy).  

The primary outcome of most interventions is a change in weight (e.g., change in BMI) and, 
to a lesser extent, maintenance of weight loss. Theoretical frameworks, such as the Theory of 
Planned Behavior and Social Cognitive Theory, dominate most intervention designs, and most 
assessments of programs are either randomized controlled trials or nonequivalent 
control/comparison design. The length of most interventions is a year or less; however, large-
scale randomized controlled trials can range from 18 months (e.g., Trial of Lifestyle 
Interventions for Blood Pressure Control) to six years (e.g., Women’s Healthy Living and Eating 
Study, Women’s Health Initiative Dietary Modification) (Chapman, 2010). Below, we describe 
some noteworthy features of interventions at the environmental, community (or context), and 
individual levels. 

Environment-Level Interventions 
Increasing access to physical activity and healthful foods is one major way in which an 

environmental approach can affect individual-level diet and diet-related disease. Despite the 
enthusiasm over this approach, there is a dearth of research-tested intervention programs. To 
date, evidence has not demonstrated that increased spatial access to nutritious food is associated 
with improvements in neighborhood residents’ dietary behavior (Cummins et al., 2005). Two 
studies in the United Kingdom that measured the effect of new or improved large-scale food 
retail provision in poor communities yielded mixed results, with one study demonstrating a 
modest improvement in intake among those with the lowest fruit and vegetable intake at baseline 
(Wrigley, Warm, and Margetts, 2003) and the other finding very little improvement (Cummins et 
al., 2005). But it is important to note that each of these studies had serious methodological 
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limitations (e.g., the Leeds study did not have a control group and enrolled a non-probability 
quota sample, and the Glasgow study had a very small sample sizes because of extremely low 
response rates). Further research is needed to understand the effect of food retail stores in low-
income environments, especially in the United States. 

Other environmental interventions to improve dietary behaviors include increasing access to 
farmers’ markets and community gardens. These studies have shown modest changes in adults’ 
fruit and vegetable consumption after giving intervention participants coupons to the local 
farmers’ market (Anderson et al., 2001; Anliker, Winne, and Drake, 1992; Herman et al., 2008) 
and after providing seniors with a free market basket (Johnson et al., 2004). Garden-based 
interventions aimed at youth had an effect on fruit and vegetable intake (Mcaleese and Rankin, 
2007; Hermann et al., 2006; Lautenschlager and Smith, 2007), and increased willingness to taste 
vegetables (Morris and Zidenberg-Cherr, 2002). However, given that interventions with similar 
design did not find any significant changes in dietary outcomes (Morris, Neustadter, and 
Zidenberg-Cherr, 2001; Lineberger and Zajicek, 2000; O’Brien and Shoemaker, 2006; Poston, 
Shoemaker, and Dzewaltowski, 2005; Koch, Waliczek, and Zajicek, 2006), there is insufficient 
research on the effectiveness of garden-based interventions among youth and adults.  

Other environment-level interventions focus on specific aspects of people’s daily 
environments. Based on increasing evidence suggesting that people are constantly encountering 
(and often internalizing) environmental cues from the environment to overeat (Wansink, 2010), 
some innovative research is focused on environmental cues. Specifically, researchers are 
interested in understanding (and changing) those daily cues sparking diet-related behavior, such 
as the size of plates, structure and variety of food, and physical positioning of food in a given 
environment (e.g., cookies by the cash register in the cafeteria).  

Indeed, there is empirical evidence that eating is an impulsive and frequently automatic 
behavior that can be stimulated by food cues (Cohen, 2008; Cohen and Farley, 2008; Volkow, 
2007; Rogers and Hill, 1989), rather than a conscious, rational thought. Given this impulsive or 
“mindless” form of eating, researchers are departing from reason-focused approaches (e.g., teach 
people what is “unhealthy” and they will subsequently “choose” healthier food as a result) to 
interventions that focus on changing the subtle environmental cues that spark overeating 
(Wansink, 2010). Strategies include introducing dinnerware and utensils designed to achieve an 
appropriate portion size rather than teaching people the complexities of calculating portion size 
(Wansink, 2010). More details about this approach will be discussed in the context-specific 
section that follows. 

Last, health communication campaigns can directly affect individuals in that they infiltrate 
people’s daily environments in a systematic fashion. The effectiveness of the health campaign 
depends on the health issue (e.g., seatbelt campaigns are far more effective than drug 
campaigns), with dietary-related messages falling somewhere in the middle of this efficacy 
continuum (Snyder, 2007). Further research is needed to test the effectiveness of dietary 
campaigns. 
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Context-Specific Interventions  
Dietary behavior may be affected by giving individuals the tools and resources in settings 

where they can routinely practice dietary changes. Settings include those where people spend 
most of their time (e.g., schools, work) or those that afford some unique element to the process 
of behavior change (e.g., social support in a person’s church). Interventions in faith-based 
communities have focused mostly on African Americans, since cross-sectional data suggest that 
African American women with strong religious beliefs are more likely to consume fruit and 
vegetables, report higher interest in consuming fruits and vegetables, and believe that fruits and 
vegetables confer specific health benefits (Holt et al., 2005; Shatenstein and Ghadirian, 1998). 
Some noteworthy examples are the Healthy Body/Health Spirit Trial and Body and Soul 
program, both of which were designed to increase fruit and vegetable consumption and physical 
activity among African Americans through a culturally appropriate program (e.g., Forgotten 
Miracles nutritional video, the Healthy Body/Healthy Spirit video and exercise guide, the Eat for 
Life Cookbook, a gospel workout audio cassette). Although more research is needed in this area, 
these church-based interventions did have a short-term effect on the daily consumption of fruits 
and vegetables and weight among participating congregants. 

Work is another important setting for behavior change, since most employed Americans 
spend a substantial part of the daylight hours at work, so that most of their meals are consumed 
at work. However, the food environment in the workplace is often riddled with unhealthful 
choices/messages that promote overconsumption. Interventions at worksites sometimes take an 
environmental approach by modifying some aspect of the food environment, such as reducing 
portion sizes available in cafeterias, raising prices in vending machines, or providing access to 
fitness equipment. The results from several environmental interventions show promising results. 
Specifically, at Dow Chemical, environmental changes at work were significant predictors of 
successful weight management (Goetzel et al., 2010); Beresford et al. (2010) report long-term 
increased fruit and vegetable intake among participating employers in Seattle; French et al. 
(2010) found increased purchases of healthier items from vending machines after changes in 
offerings and price incentives were made for transit workers.  

However, these context-specific approaches are rare, and most workplace interventions focus 
on individual-level behaviors with low intensity, often emphasizing information/education and 
with short-term duration (six months or less). Of these interventions, some approach dietary 
behavior modification through peer education (e.g., 5-a-Day Peer Education Program), tailored 
computerized programs delivered solely by email (e.g., Program Alive! Worksite Internet 
Nutrition, nutrition education classes (e.g., The Next Step Worksite for Cancer Screening and 
Nutrition Intervention), or other group-based counseling (e.g., Promoting Healthy Living: 
Assessing More Effects).  
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Other interventions had multiple components. One example is DINE Healthy,7 a computer 
software program that provides nutritional education and tools to set and achieve goals at work 
and home. The DINE Healthy software can be used at home (or even by health professionals) to 
record present health habits (e.g., food choices) and caloric expenditures based on a range of 
physical activities. Intervention research consistently shows that using a goal-setting approach, 
especially if it can be tailored and stylized for a given population, is successful in achieving 
results. In general, goal-setting in conjunction with a system of accountability seems to be an 
effective way to spark behavior change. 

School-based dietary education interventions make up a substantial portion of the programs 
designed for children and adolescents. There is insufficient evidence to suggest that school-based 
nutrition education works, although school-based physical education interventions have 
consistently affected health outcomes, such as body fat and blood pressure in children and 
adolescents (e.g., PATH Program, MSPAN). There are also environmentally focused 
approaches, which are largely driven by the research linking environmental cues to overeating, 
as described earlier. This approach is very promising in the school context, where environmental 
cues to overeat are powerful (e.g., availability of energy-dense food in vending machines) 
(Wansink, 2010). This work has demonstrated that drawing attention to more healthful foods 
(e.g., making them more accessible, displaying them more prominently) while making unhealthy 
options less convenient or less visible has been effective in increasing sales of healthful items in 
school cafeterias (Wansink, 2010).  

Although it has yet to be studied in the context of health outcomes, another tactic that has had 
large success at the lowest cost is requiring that high school students pay cash for desserts and 
soft drinks, which makes it more difficult than simply buying the item with a debit card or PIN 
account. Given that many environmental interventions are resource-intense (e.g., opening a new 
supermarket), it is important that more rigorous research is conducted to understand the effect of 
interventions using economic-based tactics on such specific health outcomes as obesity. 

Finally, there were very few interventions designed to test the effect of family-level 
resources, such as social support. One example was CARDIAC Kinder, a family-based program 
for kindergartners designed to promote healthy dietary habits and increase physical activity 
through positive parental modeling behavior and education. This intervention found that children 
in the treatment group consumed fewer sweets each week relative to children in the control 
condition; however, no other dietary behaviors were modified (e.g., fruit and vegetable 
consumption). More research is needed in this area to understand the role of family and how it 
may effectively promote healthful dietary behaviors.  

                                                
7 Note that this is not the same as DINE, which is a tool developed to help Department of Defense communities 
measure accessibility to healthy food options. 
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Individual-Level Interventions 
Many individual-level interventions employ behavioral counseling to spark changes in 

dietary patterns. A major characteristic of these interventions is the range of intensity, with some 
consisting of a single session and others involving more than 20 group sessions over two years. 
Many of the low-intensity interventions have been implemented in a primary health care setting. 
These same low-intensity interventions involved disseminating information about healthful diet 
through the web or mail only, and others supplemented this material with diet-related 
information disseminated by a health care provider (Lin et al., 2010).  

More-intense interventions involved individual counseling (either in person or over the 
phone) or various group counseling sessions (Lin et al., 2010). Although the intense 
interventions entailed more resources than the less-intense interventions, only three intense 
interventions have been designed to detect improvements in cardiovascular disease (Howard et 
al., 2006; Prentice et al., 2006; Cook et al., 2007). Two out of three found a significant decrease 
in cardiovascular events among those individuals who received the behavioral counseling. 

There were some important differences in findings by type of counseling (i.e., fruits and 
vegetables only, low-fat, and general heart-healthy). For example, fruits and vegetables only diet 
counseling was not consistently associated with improvement in any health outcomes but was 
consistently associated with increased intake of fruits and vegetables (John et al., 2002). Low-fat 
and general heart-healthy dietary counseling only was consistently associated with reduction in 
adiposity (Halbert et al., 2000; Anderson et al., 1992; Brekke, Jansson, and Lenner, 2005; Coates 
et al., 1999; Kristal et al., 2000; Roderick et al., 1997; Sacerdote et al., 2006; Stefanick et al., 
1998; Tinker et al., 2008), blood pressure (Hellenius et al., 1993; Stefanick et al., 1998), total 
cholesterol (Anderson et al., 1992; Stefanick et al., 1998), and glucose tolerance outcomes but 
only at 12 months (Tinker et al., 2008). Overall, these interventions entailed a large amount of 
resources with little regard for the context in which individuals needed to make these dietary 
decisions. It is likely that an individual-level approach could benefit from introducing 
environment-level components. 

Conclusions 

This discussion of nutrition interventions focused on programs targeted at three different 
levels: the environment, the community, and the individual. Environment-level interventions 
focus on increasing access to healthful foods, modifying consumption cues in one’s environment, 
and introducing health communication campaigns. Context-specific interventions focus on 
settings where people spend most of their time—work, school, faith-based organizations, etc. 
Individual-level interventions focus on individual eating behaviors, typically through some type 
of behavioral counseling of varying intensity. Although some programs and interventions at all 
three levels have shown promise, more research is needed to assess which programs are most 
effective in improving nutritional fitness.
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6. Conclusions 

This report has focused on key domains within the broader construct of nutritional fitness, 
including individual food intake, food choices and perceived barriers, and the food environment. 
Perhaps not surprisingly, appropriate intake of essential nutrients is crucial to overall health and 
well-being, and some specific foodstuffs are consistently associated with positive health 
outcomes, including fruits, vegetables, whole grains, fat-free and low-fat dairy products, and 
seafood. Limited caloric intake is also important. It is also crucial to consume fewer foods 
containing sodium (salt), saturated fats, trans-fats, cholesterol, added sugars, and refined grains 
(Dietary Guidelines Advisory Committee, 2010). Air Force programs should take heed of these 
findings and leverage this knowledge to buttress current and future efforts designed to improve 
resilience through nutrition.  

This report also found modest evidence that a healthful diet is shaped by individual-level 
(e.g., psychosocial) factors and environment-level factors. Although much more work is needed, 
an important first step is to measure facilitators and barriers at both the individual and 
environment levels to develop effective interventions that increase nutritional fitness.  

Although the Air Force can harness the tools developed to assess nutritional constructs for 
large populations, it is important to be mindful of the methodological limitations identified in 
this report. When crafting nutrition-related programs, the Air Force should also carefully 
consider the evidence in the context of the special nutritional needs of the military population. 
Such an approach will increase the efficacy of nutrition programs in preventing and mitigating 
stress and thus ultimately achieve the goal of enhancing resilience. 
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