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January 28, 2015

The Honorable Sylvia Mathews Burwell
Secretary of Health and Human Services
200 Independence Avenue, SW
Washington DC, 20201

The Honorable Thomas J. Vilsack
Secretary of Agriculture

1400 Independence Avenue, SW
Washington DC, 20250

Dear Secretaries Burwell and Vilsack,

It is my great honor to present to you the final Scientific Report of the 2015 Dietary Guidelines
Advisory Committee (DGAC). When appointed a year and a half ago, our Committee accepted the
charge of examining where sufficient “new scientific evidence is likely to be available that may
inform revisions to the current guidance or suggest new guidance.” We recognized the importance
and key function of the U.S. Dietary Guidelines in forming the basis of Federal nutrition policy and
programs and in providing a critical framework for local, state, and national health promotion and
disease prevention strategies. We also understood the influence of the Guidelines in shaping policies,
standards, and initiatives across the public and private sectors, including public health and health
care, education, business, and the food industry and retailers. As such, we approached our review
with a broad scope to address the many issues that may be relevant as the government creates the
2015 Dietary Guidelines for Americans.

In carrying out our charge, the 2015 DGAC formulated a set of overarching goals. In brief, we
planned to determine the current composition and quality of the American diet and areas of public
health concern; trends in the Nation’s leading diet- and lifestyle-related health problems; the
established, measurable impact of overall dietary patterns and physical activity on short- and long-
term health outcomes; the most effective methods of improving dietary patterns and physical activity
to achieve favorable health outcomes in Americans 2 years and older; and sound strategies to help
promote a healthy, safe, affordable, and sustainable food supply. We also were intent on identifying
the Nation’s major diet- and lifestyle-related health disparities and levels of food insecurity in
underserved populations. Recognizing the dynamic interplay between individuals, their families and
communities, and the environment, we laid out an ecological, systems-based conceptual framework
to guide our deliberative processes and then evaluated almost 100 primary and many ancillary
research questions.

Over the past 18 months, the 2015 DGAC was extremely privileged to work with the outstanding
Federal support staff of the U.S. Departments of Agriculture and Health and Human Services. We
wish to acknowledge these individuals and their invaluable assistance as we developed our Report.
We will be forever grateful for their dedication to working with our expert Committee to create the
most productive and wonderfully collegial environment for our deliberations. With their
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extraordinarily capable assistance, we were able to develop a current and sound evidence base using
many complex sources, including an abundance of original peer-reviewed literature compiled by
USDA’s Nutrition Evidence Library and its national network of research volunteers, the national
nutrition and health data monitoring systems, the National Health and Nutrition Examination Survey,
and the USDA food pattern modeling process.

Our Report highlights the major diet-related health problems we face as a Nation and must reverse.
About half of all American adults—117 million individuals-—have one or more preventable chronic
diseases that relate to poor quality dietary patterns and physical inactivity, including cardiovascular
diseases, hypertension, type 2 diabetes, and diet-related cancers. More than two-thirds of adults and
nearly one-third of children and youth are overweight or obese. These devastating health problems
have persisted for decades, strained U.S, health care costs, and focused the attention of our health
care system on disease treatment rather than prevention. They call for bold action and sound,
innovative solutions.

The dietary patterns of the American public are suboptimal and are causally related to poor
individual and population health and higher chronic disease rates. Unfortunately, few improvements
in consumers’ food choices have occurred in recent decades. On average, the U.S. diet is low in
vegetables, fruit, and whole grains and too high in calories, saturated fat, sodium, refined grains, and
added sugars. Under-consumption of vitamin D, calcium, potassium, and fiber are of public health
concern for the majority of the U.S. population. Furthermore, more than 49 million people in the
United States, including nearly 9 million children, live in food insecure households. Creative,
evidence-based strategies are needed to reverse these alarming trends.

The economic and social costs of preventable chronic diseases, health disparities, and food insecurity
are enormous, and the Nation’s adverse dietary pattern and physical activity trends must be reversed.
The 2015 DGAC hopes that its Report will aid in developing public policies that aim to establish a
“culture of health” at individual and population levels and, in so doing, make healthy lifestyle
choices easy, accessible, affordable and normative—both at home and away from home. Dramatic
paradigm shifts are needed to help individuals and families take more active roles in their personal
health and to incentivize health care and public health services, programs, and research to focus more
on prevention and personal diet and lifestyle management. We hope our Report will also lead to
public policies that align the public and private sectors on common ground to work collaboratively to
develop and offer healthier food products and choices, expanded nutrition programs and services
focused on prevention, and greater opportunities for increased physical activity. We urge the
development and implementation of nutrition and related policies, standards, programs, and services
that promote population-wide healthy dietary patterns and physical activity, Our Report also
recommends key research areas where priority attention is needed. That said, the Committee wishes
to emphasize that the current evidence base has never been stronger and provides a sound basis to
guide the development of public policies and effective nutrition and physical activity interventions to
promote health and prevent disease at individual and population levels. Establishing the policy
framework to achieve these aims is of paramount importance. We look forward to the translation of
this Report into future recommendations in the 2015 Dietary Guidelines for Americans.

Respectfully and sincerely yours,

é‘_ﬁﬂéﬂf g . %/%’%m

Barbara E. Millen, DrPH, RD, FADA
Chair, 2015 Dietary Guidelines Advisory Committee
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Part A. Executive Summary

Part A. Executive Summary

The 2015 Dietary Guidelines Advisory Committee (DGAC) was established jointly by the
Secretaries of the U.S. Department of Health and Human Services (HHS) and the U.S.
Department of Agriculture (USDA). The Committee was charged with examining the Dietary
Guidelines for Americans, 2010 to determine topics for which new scientific evidence was likely
to be available with the potential to inform the next edition of the Guidelines and to place its
primary emphasis on the development of food-based recommendations that are of public health
importance for Americans ages 2 years and older published since the last DGAC deliberations.

The 2015 DGAC’s work was guided by two fundamental realities. First, about half of all
American adults—2117 million individuals—have one or more preventable, chronic diseases, and
about two-thirds of U.S. adults—nearly 155 million individuals—are overweight or obese. These
conditions have been highly prevalent for more than two decades. Poor dietary patterns,
overconsumption of calories, and physical inactivity directly contribute to these disorders.
Second, individual nutrition and physical activity behaviors and other health-related lifestyle
behaviors are strongly influenced by personal, social, organizational, and environmental contexts
and systems. Positive changes in individual diet and physical activity behaviors, and in the
environmental contexts and systems that affect them, could substantially improve health
outcomes.

Recognizing these realities, the Committee developed a conceptual model based on socio-
ecological frameworks to guide its work (see Part B. Chapter 1: Introduction) and organized its
evidence review to examine current status and trends in food and nutrient intakes, dietary
patterns and health outcomes, individual lifestyle behavior change, food and physical activity
environments and settings, and food sustainability and safety.

The remainder of this Executive Summary provides brief synopses of the DGAC’s topic-specific
evidence review chapters. Each of these chapters ends with a list of research recommendations
(see Appendix E-1: Needs for Future Research for a compilation of these recommendations).
The Committee integrated its findings and conclusions into several key themes and articulated
specific recommendations for how the report’s findings can be put into action at the individual,
community, and population levels. The Executive Summary ends with a brief summary of this
chapter.
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Part A. Executive Summary

TOPIC-SPECIFIC FINDINGS AND CONCLUSIONS
Food and Nutrient Intakes, and Health: Current Status and Trends

The DGAC conducted data analyses to address a series of questions related to the current status
and trends in the Nation’s dietary intake. The questions focused on: intake of specific nutrients
and food groups; food categories (i.e., foods as consumed) that contribute to intake; eating
behaviors; and the composition of various dietary patterns shown to have health benefits. These
topics were addressed using data from the What We Eat in America dietary survey, which is the
dietary intake component of the ongoing National Health and Nutrition Examination Survey.
Food pattern modeling using the USDA Food Pattern food groups also was used to address some
questions. In addition, the DGAC examined the prevalence and trends of health conditions that
may have a nutritional origin, or where the course of disease may be influenced by diet.

The DGAC found that several nutrients are underconsumed relative to the Estimated Average
Requirement or Adequate Intake levels set by the Institute of Medicine (I0OM) and the
Committee characterized these as shortfall nutrients: vitamin A, vitamin D, vitamin E, vitamin C,
folate, calcium, magnesium, fiber, and potassium. For adolescent and premenopausal females,
iron also is a shortfall nutrient. Of the shortfall nutrients, calcium, vitamin D, fiber, and
potassium also are classified as nutrients of public health concern because their
underconsumption has been linked in the scientific literature to adverse health outcomes. Iron is
included as a shortfall nutrient of public health concern for adolescent females and adult females
who are premenopausal due to the increased risk of iron-deficiency in these groups. The DGAC
also found that two nutrients—sodium and saturated fat—are overconsumed by the U.S.
population relative to the Tolerable Upper Intake Level set by the IOM or other maximal
standard and that the overconsumption poses health risks.

In comparison to recommended amounts in the USDA Food Patterns, the majority of the U.S.
population has low intakes of key food groups that are important sources of the shortfall
nutrients, including vegetables, fruits, whole grains, and dairy. Furthermore, population intake is
too high for refined grains and added sugars. The data suggest cautious optimism about dietary
intake of the youngest members of the U.S. population because many young children ages 2 to 5
years consume recommended amounts of fruit and dairy. However, a better understanding is
needed on how to maintain and encourage good habits that are started early in life. Analysis of
data on food categories, such as burgers, sandwiches, mixed dishes, desserts, and beverages,
shows that the composition of many of these items could be improved so as to increase
population intake of vegetables, whole grains, and other underconsumed food groups and to
lower population intake of the nutrients sodium and saturated fat, and the food component
refined grains. Improved beverage selections that limit or remove sugar-sweetened beverages
and place limits on sweets and desserts would help lower intakes of the food component, added
sugars.
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Part A. Executive Summary

The U.S. population purchases its food in a variety of locations, including supermarkets,
convenience stores, schools, and the workplace. The DGAC found that although diet quality
varies somewhat by the setting where food is obtained, overall, no matter where the food is
obtained, the diet quality of the U.S. population does not meet recommendations for vegetables,
fruit, dairy, or whole grains, and exceeds recommendations, leading to overconsumption, for the
nutrients sodium and saturated fat and the food components refined grains, solid fats, and added
sugars.

Obesity and many other health conditions with a nutritional origin are highly prevalent. The
Nation must accelerate progress toward reducing the incidence and prevalence of overweight and
obesity and chronic disease risk across the U.S. population throughout the lifespan and reduce
the disparities in obesity and chronic disease rates that exist in the United States for certain
ethnic and racial groups and for those with lower incomes.

The DGAC had enough descriptive information from existing research and data to model three
dietary patterns and to examine their nutritional adequacy. These patterns are the Healthy U.S.-
style Pattern, the Healthy Mediterranean-style Pattern, and the Healthy Vegetarian Pattern. These
patterns include the components of a dietary pattern associated with health benefits.

Dietary Patterns, Foods and Nutrients, and Health Outcomes

A major goal of the DGAC was to describe the common characteristics of healthy diets, and the
Committee focused on research examining dietary patterns because the totality of diet—the
combinations and quantities in which foods and nutrients are consumed—may have synergistic
and cumulative effects on health and disease. The Committee focused on providing a qualitative
description of healthy dietary patterns based on scientific evidence for several health outcomes.

The DGAC found remarkable consistency in the findings and implications across its conclusion
statements for the questions examining dietary patterns and various health outcomes. When
reviewing the evidence, the Committee attempted to adhere to the language used by the study
authors in describing food groupings. There was variability across the food groupings, and this
was particularly apparent in the meat group. For example, “total meat” may have been defined as
“meat, sausage, fish, and eggs,” “red meat, processed meat, and poultry,” or various other
combinations of meat. Similarly, “vegetables” seemed to most often exclude potatoes, but some
studies included potatoes, yet those that mentioned potatoes rarely provided information on how
the potatoes were consumed (e.g., fried versus baked). When reported in the studies, the
Committee considered these definitions in their review. However, the Committee provided a
general label for the food groupings in its conclusion statements.
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Part A. Executive Summary

The overall body of evidence examined by the 2015 DGAC identifies that a healthy dietary
pattern is higher in vegetables, fruits, whole grains, low- or non-fat dairy, seafood, legumes, and
nuts; moderate in alcohol (among adults); lower in red and processed meat;' and low in sugar-
sweetened foods and drinks and refined grains. Vegetables and fruit are the only characteristics
of the diet that were consistently identified in every conclusion statement across the health
outcomes. Whole grains were identified slightly less consistently compared to vegetables and
fruits, but were identified in every conclusion with moderate to strong evidence. For studies with
limited evidence, grains were not as consistently defined and/or they were not identified as a key
characteristic. Low- or non-fat dairy, seafood, legumes, nuts, and alcohol were identified as
beneficial characteristics of the diet for some, but not all, outcomes. For conclusions with
moderate to strong evidence, higher intake of red and processed meats was identified as
detrimental compared to lower intake. Higher consumption of sugar-sweetened foods and
beverages as well as refined grains was identified as detrimental in almost all conclusion
statements with moderate to strong evidence.

Regarding alcohol, the Committee confirmed several conclusions of the 2010 DGAC, including
that moderate alcohol intake can be a component of a healthy dietary pattern, and that if alcohol
IS consumed, it should be consumed in moderation and only by adults. However, it is not
recommended that anyone begin drinking or drink more frequently on the basis of potential
health benefits, because moderate alcohol intake also is associated with increased risk of
violence, drowning, and injuries from falls and motor vehicle crashes. Women should be aware
of a moderately increased risk of breast cancer even with moderate alcohol intake. In addition,
there are many circumstances in which people should not drink alcohol, including during
pregnancy. Because of the substantial evidence clearly demonstrating the health benefits of
breastfeeding, occasionally consuming an alcoholic drink does not warrant stopping
breastfeeding. However, women who are breastfeeding should be very cautious about drinking
alcohol, if they choose to drink at all.

Following a dietary pattern associated with reduced risk of CVD, overweight, and obesity also
will have positive health benefits beyond these categories of health outcomes. Thus, the U.S.
population should be encouraged and guided to consume dietary patterns that are rich in
vegetables, fruit, whole grains, seafood, legumes, and nuts; moderate in low- and non-fat dairy
products and alcohol (among adults); lower in red and processed meat; and low in sugar-
sweetened foods and beverages and refined grains. These dietary patterns can be achieved in
many ways and should be tailored to the individual’s biological and medical needs as well as
socio-cultural preferences.

! As lean meats were not consistently defined or handled similarly between studies, they were not identified as a
common characteristic across the reviews. However, as demonstrated in the food pattern modeling of the Healthy
U.S.-style and Healthy Mediterranean-style patterns, lean meats can be a part of a healthy dietary pattern.
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Part A. Executive Summary

The dietary pattern characteristics being recommended by the 2015 DGAC reaffirm the dietary
pattern characteristics recommended by the 2010 DGAC. Additionally, these characteristics
align with recommendations from other groups, including the American Institute for Cancer
Research (AICR) and the American Heart Association (AHA). The majority of evidence
considered by the Committee focused on dietary patterns consumed in adulthood. Very little
evidence examined dietary patterns during childhood. However, the healthy dietary pattern
components described above also apply to children and are reaffirmed with the USDA Food
Patterns, which are designed to meet nutrient needs across the lifespan.

Individual Diet and Physical Activity Behavior Change

The individual is at the innermost core of the social-ecological model. In order for policy
recommendations such as the Dietary Guidelines for Americans to be fully implemented,
motivating and facilitating behavioral change at the individual level is required. This chapter
suggests a number of promising behavior change strategies that can be used to favorably affect a
range of health-related outcomes and to enhance the effectiveness of interventions. These include
reducing screen time, reducing the frequency of eating out at fast food restaurants, increasing
frequency of family shared meals, and self-monitoring of diet and body weight as well as
effective food labeling to target healthy food choices. These strategies complement
comprehensive lifestyle interventions and nutrition counseling by qualified nutrition
professionals.

For this approach to work, it will be essential that the food environments in communities
available to the U.S. population, particularly to low-income individuals, facilitate access to
healthy and affordable food choices that respect their cultural preferences. Similarly, food and
calorie label education should be designed to be understood by audiences with low health
literacy, some of which may have additional English language fluency limitations. Although
viable approaches are available now, additional research is necessary to improve the scientific
foundation for more effective guidelines on individual-level behavior change for all individuals
living in the United States, taking into account the social, economic, and cultural environments
in which they live.

The evidence reviewed in this chapter also indicates that the social, economic, and cultural
context in which individuals live may facilitate or hinder their ability to choose and consume
dietary patterns that are consistent with the Dietary Guidelines. Specifically, household food
insecurity hinders the access to healthy diets for millions of Americans. In addition, immigrants
are at high risk of losing the healthier dietary patterns characteristic of their cultural background
as they acculturate into mainstream America. Furthermore, preventive nutrition services that take
into account the social determinants of health are largely unavailable in the U.S. health system to
systematically address nutrition-related health problems, including overweight and obesity,
cardiovascular disease, type 2 diabetes, and other health outcomes.
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Part A. Executive Summary

This chapter calls for: a) stronger Federal policies to help prevent household food insecurity and
to help families to cope with food insecurity if it develops, b) food and nutrition assistance
programs to take into account the risk that immigrants have of giving up their healthier dietary
habits soon after arriving in the United States, and c) efforts to provide all individuals living in
the United States with the environments, knowledge, and tools needed to implement effective
individual- or family-level behavioral change strategies to improve the quality of their diets and
reduce sedentary behaviors. These goals will require changes at all levels of the social-ecological
model through coordinated efforts among health care and social and food systems from the
national to the local level.

Food Environment and Settings

Environmental and policy approaches are needed to complement individual-based efforts to
improve diet and reduce obesity and other diet-related chronic diseases. These approaches have
the potential for broad and sustained impact at the population level because they can become
incorporated into organizational structures and systems and lead to alterations in sociocultural
and societal norms. Both policy and environmental changes also can help reduce disparities by
improving access to and availability of healthy food in underserved neighborhoods and
communities. Federal nutrition assistance programs, in particular, play a vital role in achieving
this objective through access to affordable foods that help millions of Americans meet Dietary
Guidelines recommendations.

The DGAC focused on physical environments (settings) in which food is available. Its aim was
to better understand the impact of the food environment to promote or hinder healthy eating in
these settings and to identify the most effective evidence-based diet-related approaches and
policies to improve diet and weight status. The DGAC focused on four settings—community
food access, child care, schools, and worksites—and their relationships to dietary intake and
quality and weight status.

The DGAC found moderate and promising evidence that multi-component obesity prevention
approaches implemented in child care settings, schools, and worksites improve weight-related
outcomes; strong to moderate evidence that school and worksite policies are associated with
improved dietary intake; and moderate evidence that multi-component school-based and
worksite approaches increase vegetable and fruit consumption. For the questions on community
food access addressing the relationship between food retail settings and dietary intake and
quality and weight status, the evidence was too limited or insufficient to assign grades. To reduce
the disparity gaps that currently exist in low resource and underserved communities, more
solution-oriented strategies need to be implemented and evaluated on ways to increase access to
and procurement of healthy affordable foods and beverages, and also to reduce access to energy-
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dense, nutrient-poor foods and beverages. Although several innovative approaches are taking
place now throughout the country, they generally lack adequate evaluation efforts.

The Committee’s findings revealed the power of multi-component approaches over single
component interventions. For obesity prevention, effective multi-component interventions
incorporated both nutrition and physical activity using a variety of strategies, such as
environmental policies to improve the availability and provision of healthy foods and beverages;
increasing opportunities for physical activity; increased parent engagement (in child care and
school settings); and educational approaches, such as a school nutrition curriculum. For multi-
component dietary interventions (e.g., to increase consumption of vegetables and fruit) the most
effective strategies included nutrition education, parent engagement (in school and child care
settings), and environmental modifications (e.g., policies for nutrition standards, food service
changes, point of purchase information).

Collaborative partnerships and strategic efforts are needed to translate this evidence into action.
Further work on restructuring the environment to facilitate healthy eating and physical activity,
especially in high risk populations, is needed to advance evidence-based solutions that can be
scaled up.

Food Sustainability and Safety

Access to sufficient, nutritious, and safe food is an essential element of food security for the U.S.
population. A sustainable diet ensures this access for both the current population and future
generations.

The major findings regarding sustainable diets were that a diet higher in plant-based foods, such
as vegetables, fruits, whole grains, legumes, nuts, and seeds, and lower in calories and animal-
based foods is more health promoting and is associated with less environmental impact than is
the current U.S. diet. This pattern of eating can be achieved through a variety of dietary patterns,
including the Healthy U.S.-style Pattern, the Healthy Mediterranean-style Pattern, and the
Healthy Vegetarian Pattern. All of these dietary patterns are aligned with lower environmental
impacts and provide options that can be adopted by the U.S. population. Current evidence shows
that the average U.S. diet has a larger environmental impact in terms of increased greenhouse gas
emissions, land use, water use, and energy use, compared to the above dietary patterns. This is
because the current U.S. population intake of animal-based foods is higher and plant-based foods
are lower, than proposed in these three dietary patterns. Of note is that no food groups need to be
eliminated completely to improve sustainability outcomes over the current status.

A moderate amount of seafood is an important component of two of three of these dietary
patterns, and has demonstrated health benefits. The seafood industry is in the midst of rapid
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expansion to meet worldwide demand. The collapse of some fisheries due to overfishing in the
past decades has raised concern about the ability to produce a safe and affordable supply. In
addition, concern has been raised about the safety and nutrient content of farm-raised versus
wild-caught seafood. To supply enough seafood to support meeting dietary recommendations,
both farm-raised and wild caught seafood will be needed. The review of the evidence
demonstrated, in the species evaluated, that farm-raised seafood has as much or more EPA and
DHA per serving as wild caught. It should be noted that low-trophic seafood, such as catfish and
crawfish, regardless of whether wild caught or farm-raised seafood, have less EPA and DHA per
serving than high-trophic seafood, such as salmon and trout.

Regarding contaminants, for the majority of wild caught and farmed species, neither the risks of
mercury nor organic pollutants outweigh the health benefits of seafood consumption. Consistent
evidence demonstrated that wild caught fisheries that have been managed sustainably have
remained stable over the past several decades; however, wild caught fisheries are fully exploited
and their continuing productivity will require careful management nationally and internationally
to avoid long-term collapse. Expanded supply of seafood nationally and internationally will
depend upon the increase of farm-raised seafood worldwide.

The impact of food production, processing, and consumption on environmental sustainability is
an area of research that is rapidly evolving. As further research is conducted and best practices
are evaluated, additional evidence will inform both supply-side participants and consumers on
how best to shift behaviors locally, nationally, and globally to support sustainable diets. Linking
health, dietary guidance, and the environment will promote human health and the sustainability
of natural resources and ensure current and long-term food security.

In regard to food safety, updated and previously unexamined areas of food safety were studied.
Currently, strong evidence shows that consumption of coffee within the moderate range (3to 5
cups per day or up to 400 mg/d caffeine) is not associated with increased long-term health risks
among healthy individuals. In fact, consistent evidence indicates that coffee consumption is
associated with reduced risk of type 2 diabetes and cardiovascular disease in adults. Moreover,
moderate evidence shows a protective association between caffeine intake and risk of
Parkinson’s disease. Therefore, moderate coffee consumption can be incorporated into a healthy
dietary pattern, along with other healthful behaviors. However, it should be noted that coffee as
it is normally consumed can contain added calories from cream, milk, and added sugars. Care
should be taken to minimize the amount of calories from added sugars and high-fat dairy or dairy
substitutes added to coffee.

The marketing and availability of high-caffeine beverages and products is on the rise.

Unfortunately, only limited evidence is currently available to ascertain the safety of high caffeine
intake (greater than 400 mg/day for adults and undetermined for children and adolescents) that
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may occur with rapid consumption of large-sized energy drinks. Limited data suggest adverse
health outcomes, such as caffeine toxicity and cardiovascular events. Concern is heightened
when caffeine is combined with alcoholic beverages. Limited or no consumption of high caffeine
drinks, or other products with high amounts of caffeine, is advised for children and adolescents.
Energy drinks with high levels of caffeine and alcoholic beverages should not be consumed
together, either mixed together or consumed at the same sitting.

The DGAC also examined the food additive aspartame. At the level that the U.S. population
consumes aspartame, it appears to be safe. However, some uncertainty continues about increased
risk of hematopoietic cancer in men, indicating a need for more research.

Individual behaviors along with sound government policies and responsible private sector
practices are all needed to reduce foodborne illnesses. To that end, the DGAC updated the
established recommendations for handling foods at home.

Cross-cutting Topics of Public Health Importance

The 2010 Dietary Guidelines included guidance on sodium, saturated fat, and added sugars, and
the 2015 DGAC determined that a reexamination of the evidence on these topics was necessary
to determine whether revisions to the guidance were warranted. These topics were considered to
be of public health importance because each has been associated with negative health outcomes
when overconsumed. Additionally, the Committee acknowledged that a potential unintended
consequence of a recommendation on added sugars might be that consumers and manufacturers
replace added sugars with low-calorie sweeteners. As a result, the Committee also examined
evidence on low-calorie sweeteners to inform statements on this topic.

The DGAC encourages the consumption of healthy dietary patterns that are low in saturated fat,
added sugars, and sodium. The goals for the general population are: less than 2,300 mg dietary
sodium per day (or age-appropriate Dietary Reference Intake amount), less than 10 percent of
total calories from saturated fat per day, and a maximum of 10 percent of total calories from
added sugars per day.

Sodium, saturated fat, and added sugars are not intended to be reduced in isolation, but as a part
of a healthy dietary pattern that is balanced, as appropriate, in calories. Rather than focusing
purely on reduction, emphasis should also be placed on replacement and shifts in food intake and
eating patterns. Sources of saturated fat should be replaced with unsaturated fat, particularly
polyunsaturated fatty acids. Similarly, added sugars should be reduced in the diet and not
replaced with low-calorie sweeteners, but rather with healthy options, such as water in place of
sugar-sweetened beverages. For sodium, emphasis should be placed on expanding industry
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efforts to reduce the sodium content of foods and helping consumers understand how to flavor
unsalted foods with spices and herbs.

Reducing sodium, saturated fat, and added sugars can be accomplished and is more attainable by
eating a healthy dietary pattern. For all three of these components of the diet, policies and
programs at local, state, and national levels in both the private and public sector are necessary to
support reduction efforts. Similarly, the Committee supports efforts in labeling and other
campaigns to increase consumer awareness and understanding of sodium, saturated fats, and
added sugars in foods and beverages. The Committee encourages the food industry to continue
reformulating and making changes to certain foods to improve their nutrition profile. Examples
of such actions include lowering sodium and added sugars content, achieving better saturated fat
to polyunsaturated fat ratio, and reducing portion sizes in retail settings (restaurants, food outlets,
and public venues, such as professional sports stadiums and arenas). The Committee also
encourages the food industry to market these improved products to consumers.

Physical Activity

This chapter provides strong evidence supporting the importance of regular physical activity for
health promotion and disease prevention in the U.S. population. Physical activity is important for
all people—children, adolescents, adults, older adults, women during pregnancy and the
postpartum period, and individuals with disabilities. The findings further provide guidance on the
dose of physical activity needed across the lifecycle to realize these significant health benefits.

Future Physical Activity Guidelines Advisory Committees will be asked to carefully review the
most recent evidence so that the Federal government can fully update the 2008 Physical Activity
Guidelines for Americans. Given the exceedingly low physical activity participation rates in this
country, it will be critically important for the next Committee to identify proven strategies and
approaches to increase population-level physical activity across the lifespan.

INTEGRATING THE EVIDENCE

The research base reviewed by the 2015 DGAC provides clear evidence that persistent,
prevalent, preventable health problems, notably overweight and obesity, cardiovascular disease,
type 2 diabetes, and certain cancers, have adversely affected the health of the U.S. public for
decades and raise the urgency for immediate attention and bold action. Evidence points to
specific areas of current food and nutrient concerns and it pinpoints the characteristics of healthy
dietary and physical activity patterns that can reduce chronic disease risk, promote healthy
weight status, and foster good health across the lifespan. In addition, research evidence is
converging to show that healthy dietary patterns also are more sustainable and associated with
more favorable health as well as environmental outcomes.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 10
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Effective models of “what works” to promote lifestyle behavior change exist. While they can be
improved, especially in terms of our capacity for scaling-up in community and health care
settings, the evidence to date can be used to guide programs and services for individuals and
families. They also can be used to assist the public and private sectors and communities in
facilitating innovative environmental change to promote the population’s health.

It will take concerted, bold actions on the part of individuals, families, communities, industry,
and government to achieve and maintain the healthy diet patterns and the levels of physical
activity needed to promote the health of the U.S. population. These actions will require a
paradigm shift to an environment in which population health is a national priority and where
individuals and organizations, private business, and communities work together to achieve a
population-wide “culture of health” in which healthy lifestyle choices are easy, accessible,
affordable, and normative—both at home and away from home. In such a culture, health care and
public health professionals also would embrace a new leadership role in prevention, convey the
importance of lifestyle behavior change to their patients/clients, set standards for prevention in
their own facilities, and help patients/clients in accessing evidence-based and effective nutrition
and comprehensive lifestyle services and programs.
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The Dietary Guidelines for Americans were first released in 1980, and since that time they have
provided science-based advice on promoting health and reducing risk of major chronic diseases
through a healthy* diet and regular physical activity. Early editions of the Dietary Guidelines
focused specifically on healthy members of the public, but more recent editions also have
included those who are at increased risk of chronic disease. Future editions will continue to
evolve to address public health concerns and the nutrition needs of specific populations. For
example, the Dietary Guidelines have traditionally targeted the general public older than age 2
years, but as data continue to accumulate regarding the importance of dietary intake during
gestation and from birth on, a Federal initiative has been established to develop comprehensive
guidance for infants and toddlers from birth to 24 months and women who are pregnant. By
2020, the Dietary Guidelines for Americans will include these important populations
comprehensively.

By law (Public Law 101-445, Title 111, 7 U.S.C. 5301 et seq.) the Dietary Guidelines for
Americans is published by the Federal government every 5 years. To meet this requirement,
since the 1985 edition, the Departments have jointly appointed a Dietary Guidelines Advisory
Committee of nationally recognized experts in the field of nutrition and health to review the
scientific and medical knowledge current at the time. The 2015 Dietary Guidelines Advisory
Committee (DGAC) was established for the single, time-limited task of reviewing the 2010
edition of Dietary Guidelines for Americans and developing nutrition and related health
recommendations to the Federal government for its subsequent development of the 2015 edition.
This report presents these recommendations to the Secretaries of Health and Human Services and
of Agriculture for use in updating the Guidelines.

The 2015 DGAC recognizes the importance and key function of the Guidelines in forming the
basis of Federal nutrition policy and programs. The Guidelines also provides a critical
framework for local, state, and national health promotion and disease prevention initiatives. In
addition, it provides evidence-based nutrition and physical activity strategies for use by
individuals and those who serve them in public and private settings, including public health and
social service agencies, health care and educational institutions, and business. The food industry
and retailers as well, can use the Guidelines to develop healthy food and beverage products and
offerings for consumers.

* Throughout this report, the term "healthy" is used to represent the concept of "health-promoting" as
well as to refer to foods or dietary patterns that are consistent with the Dietary Guidelines. See the
Glossary for a definition of "health."

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 1
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The potential for the Guidelines to inform policy and practice is critical, given the significant
nutrition-related health issues facing the U.S. population:

e Overweight, obesity, and other diet-related chronic diseases (particularly
cardiovascular diseases, type 2 diabetes, and certain cancers), as well as less common but
important health outcomes, such as bone health, for which nutrition plays an important
role. These conditions are prevalent across the entire U.S. population, but are more
pronounced in low-income populations, creating critical health disparities that must be
addressed.

e Less than optimal dietary patterns in the United States, which contribute directly to
poor population health and high chronic disease risk. On average, current dietary patterns
are too low in vegetables, fruit, whole grains, and low-fat dairy, and too high in refined
grains, saturated fat, added sugars, and sodium.

e Food insecurity, a condition in which the availability of nutritionally adequate foods, or
the ability to acquire acceptable foods in socially acceptable ways, is limited or uncertain.
More than 49 million people in the United States, including nearly 9 million children, live
in food insecure households.

The economic and social costs of obesity and other diet- and physical activity-related chronic
disease conditions are enormous and will continue to escalate if current trends are not reversed.
Therefore, improving diet and physical activity in the population and addressing food insecurity
and health disparities have great potential to not only reduce the burden of chronic disease
morbidity and mortality, but also to reduce health care costs.

The DGAC recognized that a dynamic interplay exists among individuals’ nutrition, physical
activity, and other health-related lifestyle behaviors and their environmental and social contexts.
Acknowledging this, the DGAC created a conceptual model based in part on the socio-ecological
model to serve as an organizing framework for its report (Figure B2.1). The figure shows how
these personal, social, organizational, and environmental contexts and systems interact
powerfully to influence individuals’ diet and physical activity behaviors and patterns and how
diverse health outcomes result from this dynamic interplay. An accompanying table expands on
the figure by listing specific factors that comprise each of the “Determinants” and “Outcomes”
circles. The table distinguishes those factors that are addressed in the DGAC report from related
factors that are important but beyond the scope of the report (see Table B2.1 at the end of this
chapter).
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70 Figure B2.1
Diet and Physical Activity, Health Promotion and Disease Prevention
at Individual and Population Levels across the Lifespan
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REVIEWING THE EVIDENCE

Drawing from this conceptual model, the 2015 DGAC reviewed an extensive and diverse body
of scientific literature to address many research questions. For each of its questions, the
Committee used a rigorous, evidence-based process to develop its findings. Some of the resulting
evidence was strong to moderate, and some was found to be evolving and more limited. This
graded evidence was used to draw scientific conclusion and implication statements and to make
recommendations that can be used by HHS and USDA in formulating the Dietary Guidelines for
Americans policy document.

The DGAC used the findings from its evidence reviews to develop a series of chapters that build
on and complement each other:

Chapter 1 examines current status and trends in food consumption, nutrient intakes, and
eating behaviors and rates and patterns of major nutrition-related health problems. It
identifies the nutrients of public health concern and characterizes several dietary patterns that
are consistent with those associated with positive health outcomes.

Chapter 2 considers relationships between dietary patterns and health outcomes and
identifies a number of commonalities across patterns, particularly food groups, associated
with positive health outcomes. It examines these relationships for major chronic diseases
(cardiovascular diseases, type 2 diabetes, overweight and obesity, and certain cancers), and
also evaluates several less common, but important, outcomes (bone health, neurological and
psychological illnesses, congenital anomalies). Where possible, evidence on the impact of
dietary or comprehensive lifestyle interventions (including diet, physical activity, and
behavioral strategies) in reducing chronic disease risk outcomes is summarized and can be
used to inform health promotion and disease prevention strategies at individual and
population levels.

Chapter 3 reviews characteristics associated with individual dietary and lifestyle behaviors,
such as meal patterns at home and away from home, acculturation, household food
insecurity, and sedentary behaviors. It also assesses methods that are effective in helping
individuals improve their diet and physical activity behaviors and in enhancing behavioral
interventions.

Chapter 4 assesses the roles of food environments and settings in promoting or hindering
healthy eating behaviors of specific population groups (such as pre-school and school-age
children and adults in the workplace) and evaluates evidence on effective methods and best
practices to promote population behavior change in communities as well as public and
private settings to influence and improve health.

Chapter 5 focuses on secure and sustainable diets by examining how dietary guidance and
food intake influence our capacity to meet the nutrition needs of the U.S. population now and
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in the future. The chapter also examines issues related to food safety behaviors in the home
environment and evaluates new topics of food safety concern, including the safety of
coffee/caffeine and aspartame.

« Chapter 6 considers topics of continuing public health importance that are relevant for
topics across Chapters 1 through 5 and, are therefore addressed together in this chapter—
sodium, saturated fat, added sugars, and low-calorie sweeteners.

o Chapter 7 discusses the important role that physical activity plays in promoting health.

FROM THE 2015 DGAC ADVISORY REPORT TO THE D/IETARY
GUIDELINES FOR AMERICANS

A major goal of the 2015 DGAC is to summarize and synthesize the evidence to support USDA
and HHS in developing nutrition recommendations that reduce the risk of chronic disease while
meeting nutrient requirements and promoting health of the U.S. population ages 2 years and
older.

The U.S. Government uses the Dietary Guidelines as the basis of its food assistance programs,
nutrition education efforts, and decisions about national health objectives. For example, the
National School Lunch Program and the Elder Nutrition Program incorporate the Dietary
Guidelines in menu planning; the Special Supplemental Nutrition Program for Women, Infants,
and Children (WIC) applies the Dietary Guidelines in its educational materials; and the Healthy
People 2020 objectives for the Nation include objectives based on the Dietary Guidelines.

The evidence described here in the 2015 DGAC Report, which will be used to develop the 2015
Dietary Guidelines for Americans, will help policymakers, educators, clinicians, and others
speak with one voice on nutrition and health and reduce the confusion caused by mixed
messages in the media. The DGAC hopes that the 2015 Dietary Guidelines for Americans will
encourage the food industry and retailers to grow, manufacture, and sell foods that promote
health and contribute to appropriate energy balance.

In reviewing the evidence on effective interventions and best practices at individual and
population levels, the 2015 DGAC hopes that the 2015 Dietary Guidelines for Americans will
also lead to the bold actions needed to transform our health care and public health systems,
communities, and businesses. A concerted and collaborative focus on prevention is needed and
the report provides a foundation of research evidence to help create a national “culture of health”
where healthy lifestyles are easier to achieve and normative. Finally, the 2015 DGAC desires
that its evidence on healthy dietary patterns, which have been found to be important in reducing
disease risk and in promoting food security and sustainability in the near- and long-term, will
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lead to changes in individual eating behaviors and to systems-wide changes that can help to
secure a healthy future for the U.S. population.

A GUIDE TO THE 2015 DGAC REPORT

This Report contains several major sections. Part A provides an Executive Summary to the
Report. Part B sets the stage for the Report through this Introduction. A second chapter in this
section provides an integration of major findings as well as specific recommendations for how
the Report’s evidence-based dietary recommendations can be put into action at the individual,
community, and population levels.

Part C describes the methodology the DGAC used to conduct its work and review the evidence
on diet and health. Part D is the Science Base and contains the chapters described above.

The Report concludes with a number of Appendices, including a compilation of the Committee’s
research recommendations; several appendices describing sources of evidence the Committee
used in its reviews; a glossary; a brief history of the Dietary Guidelines for Americans; a
summary of the process used to collect public comments; biographical sketches of DGAC
members; a list of DGAC Working Group, Subcommittee, and Working/Writing Group
members; and Acknowledgments.
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Table B2.1: Components of the Conceptual Model

Influences/Determinants

Part B. Chapter 1: Introduction

Factors

Addressed in the DGAC report

Other factors not addressed in the
DGAC report

Individual &

Biological
Factors

Individual & Biological Factors
(Represented in the model by characteristics of individuals and their physical makeup that influence lifestyle

behaviors)

Biological factors

physical and cognitive function; clinical
health and nutritional status profile;
weight status

appetite, taste and smell acuity; hunger;
physical, mental, and emotional well-being;
digestion and metabolism; microbiome
composition; genetic profile; prescribed
medication use; drug-nutrient interactions

Nutrition, physical
activity, and health-
related factors

food label use; dietary or physical
activity self-monitoring; personal
lifestyle profile characteristics including
diet, physical activity, and lifestyle
behaviors and practices

early diet experiences; perception of food
safety and food security; access to nutrition
and preventative health counseling;
experiences with personal lifestyle behavior
change

Psychological factors

mental health

self/body image; food, nutrition, and health
attitudes, beliefs, and preferences; motivation
and intentions; self-efficacy; coping skills;
mood; stress

Demographics

age, gender, race/ethnicity, acculturation,
income, geography/region, urban/rural
location of residence

education, household composition and
culture, religion, profession/occupation
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Household,
Social &
Cultural
Factors

Household, Social & Cultural Factors
(Represented in the model by structure, resources, values and norms that influence lifestyle behaviors)

Family/household/home

parenting and lifestyle behavioral

modeling; food and beverage availability;
cooking and storage facilities; family and
shared meals; physical activity resources

living situation, composition, person(s)
responsible for food purchases/preparation;
home food environment

Social/cultural/religious/
peer networks

engagement and participation in lifestyle
and health-related programs and
initiatives

beliefs, norms, values, expectations, and
information sharing

Society and culture

values and investments that support healthy
communities and reduce health disparities;
stewardship of natural resources and healthy
environments

Community & Environmental Factors
(Represented in the model by physical and structural characteristics and facilities that provide access to and affect
the quality of resources that influence lifestyle behaviors)

Community & |
Environmental
Factors

Food and physical

types of available retail food outlets,

recreational facilities and resources

activity restaurants, food banks, and farmers’
markets; safety, quality and
sustainability of available food supplies;
patterns of food waste
Community neighborhood food access; child care, composition, structure and conditions; social

schools, and worksites

capital and networks; trust and power;
disparities and inequities in food security,
health, healthcare access, after school
programs

Business/Workplace

corporate/worksite wellness policies and
programs, nutrition, exercise and health

employee benefits programs
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services, programs and resources

Health care and public
health

providers and programs that emphasize
lifestyle behavior change, health
promotion and disease prevention;
accessibility of clinical preventive
services including nutrition counseling

health insurance benefits and access including
preventative lifestyle services; food and
nutrition assistance policies and
programming; public and private healthcare
networks and infrastructure

Physical/built/natural
environment

green spaces, parks, and recreational
resources: availability and access; land use
and transportation; abandoned
buildings/spaces; soil contamination;
chemical, fertilizer, antibiotic and pesticide
use

Ecosystems (national to
global)

the natural environment, including
farmland; plant, animal, marine, land,
and water ecosystems; renewable energy
resources; land/water/air and soil
environments and quality; plant
conservation, biodiversity; greenhouse
gas emissions, pollution/contamination

plant and natural resources management and
conservation; carbon footprint; global
climate change

Systems &

Sectors

Systems & Sectors

(Represented in the model by spheres of influence on food availability and diet and physical activity behavior)

Consumer

acquisition, consumption, and demand; use,
experience and satisfaction

Retail and service

products, programs, markets; organization
and management

Food, beverage, and
agriculture

usual and high levels of caffeine intake;
aspartame

farming; import/export; production,
processing, storage, distribution, delivery;
supply/markets; food and beverage quality
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and safety; food technology and product
formulation; advertising; food marketing

Economy income employment; inflation and recession; social,
political and human capital; productivity;
prices of food

Other technology: mobile health (mHealth) research and technology; emerging trends;

entertainment; advertising and marketing;
leisure and recreation; media and social
media; globalization of trade

Public &

Private Sector
Policies

Public & Private Sector Policies
(Represented in the model by policies, regulations and laws that influence the availability and quality of products,
resources, programs and services that influence diet and physical activity behaviors)

Government

federal, state and local food and nutrition
assistance programs and/or initiatives
that promoting physical
activity/movement (e.g. NSLP, SBP,
elder nutrition); city and town policies
(e.g. taxation, bans, food assistance, price
incentives); food and beverage labels

policies, laws and regulations that affect
agriculture, food safety and food assistance;
educational institutions; employers and
worksites; healthcare systems and health
insurance

Business/Workplace

workplace policies on nutrition and
physical activity programs, services and
resources

employee health benefits (including health
insurance) and incentives

Education and social
services across the
lifespan

policies, laws and regulations that affect
food and beverage availability including
competitive foods; nutrition and physical
activity programs and services (e.g. in
childcare, school, elder care and
community settings); food, nutrition, and
physical activity services in federal, state
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and local food assistance settings

Diet &
Physical Activity

Patterns &
Behaviors

The central portion of the Conceptual Model represents the concept that the combination of
a healthy diet and regular physical activity behaviors and patterns is central to promoting

overall health and preventing many chronic diseases.
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Health Outcomes

Part B. Chapter 1: Introduction

Factors

Addressed in the DGAC report

Other factors not addressed in the
DGAC report

Healthy

Weight

Healthy Weight

(Represented in the model by measures that characterize a health-promoting weight status)

Weight and body
composition

childhood and adolescence length/height,
weight and Z scores, body weight and
weight gain, BMI, waist circumference,
abdominal obesity, lean and body fat
mass; overweight and obesity

Physical

Fitness &
Function

Physical Fitness & Function
(Represented in the model by activities that define a health-promoting level of physical fitness and function)

Physical activity and
function patterns and
behaviors

Aerobic and strengthening activities;
occupational, work, and leisure time
activity

ability to perform activities of daily living;
muscle strength; coordination; falls; physical
activity knowledge, awareness and skills

Sedentary behaviors
and sleep patterns

screen time and other sedentary behaviors

sleep patterns (sleep duration, characteristics)

Scientific Report of the 2015 Dietary Guidelines Advisory Committee
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Healthy

Nutritional
Status

Healthy Nutritional Status

(Represented in the model by the knowledge, behaviors, environmental factors and measures that characterize healthy

nutritional status)

Dietary patterns

habitual food and nutrient consumption;
overall dietary quality and variety

Food, beverage and
nutrition intake

foods/food groups, beverages (including
alcohol), and macro and micronutrients,
nutrients of concern and public health
significance

Dietary product and
nutrient supplement use

dietary product and nutrient supplement
use

nutraceutical use

Food and nutrition
knowledge, attitudes
and skills

food preparation, cooking and nutrition
knowledge, attitudes and skills

Food security and safety

selection, storage, handling, and
preparation of foods and beverages

Risk factors and clinical
indicators

iron and protein status, vitamin D and
folate levels, Vitamin B12 status,
hemoglobin Alc; metabolic syndrome
(blood lipids and glucose, blood
pressure); bone density

urinary sodium, urinary contaminants;
protein/calorie malnutrition; micronutrient
status

Scientific Report of the 2015 Dietary Guidelines Advisory Committee
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Chronic

Disease
Prevention

Chronic Disease Prevention
(Represented in the model by health outcomes influenced by diet and physical activity behaviors)

Health outcomes

cardiovascular diseases (coronary heart
disease, heart attack, hypertension and
stroke);

Type 2 diabetes; diet-related cancers
(breast, colorectal, prostate, lung);
neurological and psychological
conditions (including cognitive function,
dementia, Alzheimer’s Disease and
depression); dental caries; congenital
anomalies; fractures and osteoporosis;
total mortality

Health

Promotion

Health Promotion

(Represented in the model by diet and physical activity behaviors that promote good health through the lifespan)

Health outcomes

pregnancy course and outcomes; child
and adolescent growth and development
milestones; peri- and post-menopause
status; musculoskeletal and bone health;
mental health; gastrointestinal health

fertility; healthy aging

Footnote: The DGAC acknowledges that other lifestyle factors were not addressed in its report but are important in overall health,
including tobacco status and use, stress and its management, medical treatment and management, medication use, and addiction.
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Part B. Chapter 2: 2015 DGAC Themes and
Recommendations: Integrating the Evidence

The 2015 DGAC set out to examine a broad set of research questions in its effort to develop sound
recommendations to guide public policies aimed at promoting individual and population health.
As these efforts moved forward, it became clear that a number of important, overarching themes
were emerging and that these areas provided a solid base of evidence for the Committee’s
recommendations. In this chapter, we summarize these themes and put forth our overall
recommendations to the Secretaries of Health and Human Services and Agriculture.

DGAC 2015 OVERARCHING THEMES

The Problem. About half of all American adults—117 million individuals—have one or
more preventable, chronic diseases that are related to poor quality dietary patterns and
physical inactivity, including cardiovascular disease, hypertension, type 2 diabetes and diet-
related cancers.! More than two-thirds of adults and nearly one-third of children and youth
are overweight or obese, further exacerbating poor health profiles and increasing risks for
chronic diseases and their co-morbidities.>* High chronic disease rates and elevated
population disease risk profiles have persisted for more than two decades and
disproportionately affect low-income and underserved communities. These diseases focus the
attention of the U.S. health care system on disease treatment rather than prevention; increase
already strained health care costs; and reduce overall population health, quality of life, and
national productivity. Other less common, but important, diet- and lifestyle-related health
problems, including poor bone health and certain neuropsychological disorders and
congenital anomalies, pose further serious concerns.

The Gap. The dietary patterns of the American public are suboptimal and are causally
related to poor individual and population health and higher chronic disease rates. Few, if any,
improvements in consumers’ food choices have been seen in recent decades. On average, the
U.S. diet is low in vegetables, fruit, and whole grains, and high in sodium, calories, saturated
fat, refined grains, and added sugars. Underconsumption of the essential nutrients vitamin D,
calcium, potassium, and fiber are public health concerns for the majority of the U.S.
population, and iron intake is of concern among adolescents and premenopausal females.
Health disparities exist in population access to affordable healthy foods. Eating behaviors of
individuals are shaped by complex but modifiable factors, including individual, personal,
household, social/cultural, community/environmental, systems/sectorial and policy-level
factors (see the 2015 DGAC conceptual model in Part B. Chapter 1: Introduction).
However, a dynamic and rapidly evolving food environment epitomized by the abundance of
highly processed, convenient, lower-cost, energy-dense, nutrient-poor foods makes it
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particularly challenging to implement health promoting diet-related behavior changes at
individual and population levels.

e The Dietary Patterns. Current research provides evidence of moderate to strong links
between healthy dietary patterns, lower risks of obesity and chronic diseases, particularly
cardiovascular disease, hypertension, type 2 diabetes and certain cancers. Emerging evidence
also suggests that relationships may exist between dietary patterns and some neurocognitive
disorders and congenital anomalies. The overall body of evidence examined by the 2015
DGAC identifies that a healthy dietary pattern is higher in vegetables, fruits, whole grains,
low- or non-fat dairy, seafood, legumes, and nuts; moderate in alcohol (among adults);
lower in red and processed meats;' and low in sugar-sweetened foods and drinks and
refined grains. Additional strong evidence shows that it is not necessary to eliminate food
groups or conform to a single dietary pattern to achieve healthy dietary patterns. Rather,
individuals can combine foods in a variety of flexible ways to achieve healthy dietary
patterns, and these strategies should be tailored to meet the individual’s health needs, dietary
preferences and cultural traditions. Current research also strongly demonstrates that regular
physical activity promotes health and reduces chronic disease risk.

e The Individual. Sound tools and resources, like the Dietary Guidelines for Americans and
the Physical Activity Guidelines for Americans, can help individuals achieve healthy diet and
physical activity patterns. Moderate to strong evidence also demonstrates that dietary
interventions implemented by nutrition professionals and individual or small-group
comprehensive lifestyle interventions that target diet and physical activity and are led by
multidisciplinary professional teams provide optimal results in chronic disease risk reduction,
weight loss, and weight loss maintenance. Additional evidence indicates that individuals can
be helped in their intentions to implement healthy lifestyles by targeting specific eating and
physical activity behaviors (e.g., meal patterns, cooking and preparation techniques,
family/household meal experiences, reducing sedentary behaviors in adults and youth,
reducing screen time in children). Sound behavioral interventions involve engaging
individuals actively in the behavior change process, using traditional face-to-face or small
group strategies and new technological approaches (websites and mobile/telephone
technology), by providing intensive, long-term professional interventions as appropriate, and
by monitoring and offering feedback on sustainable behavioral change and maintenance
strategies over time.

e The Population. Moderate to strong evidence shows that targeted environmental and policy
changes and standards are effective in changing diet and physical activity behaviors and
achieving positive health impact in children, adolescents, and adults. Research from early
child care settings, schools, and worksites demonstrate that policy changes, particularly when

' As lean meats were not consistently defined or handled similarly between studies, they were not identified as a
common characteristic across the reviews. However, as demonstrated in the food pattern modeling of the Healthy
U.S.-style and Healthy Mediterranean-style patterns, lean meats can be a part of a healthy dietary pattern.
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combined with multi-faceted programs (e.g., nutrition educational initiatives, parent
engagement, food labeling, nutrition standards, nutrition and behavioral intervention
services) can increase healthy food choices and overall dietary quality, and improve weight
outcomes. Population approaches that engage parents and families, as appropriate, involve
collaborations across systems and sectors (e.g., schools, food retail, health care institutions
and providers, and health insurers), and mobilize public-private partnerships to provide
effective models for producing synergistic effects on diet, physical activity, and health-
related outcomes.

e The Long-term View. The 2015 DGAC also examined the near- and long-term
sustainability of healthy dietary patterns as well as the safety of certain key dietary
constituents (i.e., caffeine and aspartame). Quantitative modeling research showed how
healthy dietary patterns relate to positive environmental outcomes that improve population
food security. Moderate to strong evidence demonstrates that healthy dietary patterns that are
higher in plant-based foods, such as vegetables, fruits, whole grains, legumes, nuts, and
seeds, and lower in calories and animal-based foods are associated with more favorable
environmental outcomes (lower greenhouse gas emissions and more favorable land, water,
and energy use) than are current U.S. dietary patterns. Furthermore, sustainable dietary
patterns can be achieved through a variety of approaches consistent with the Dietary
Guidelines for Americans and, therefore, offer individuals many options and new
opportunities to align with personal and population health and environmental values systems.
Healthy, sustainable dietary patterns also may provide new themes for consumer education
and communication on lifestyle practices that can promote food security now and for future
generations and create a “culture of health” at individual and population levels.

In summary, the research base reviewed by the 2015 DGAC provides clear and consistent
evidence that persistent, prevalent, preventable health problems, notably overweight and obesity,
cardiovascular diseases, diabetes, and certain cancers, have severely and adversely affected the
health of the U.S. population across all stages of the lifespan for decades and raise the urgency
for immediate attention and bold action. Evidence points to specific areas of food and nutrient
concern in the current U.S. diet. Moderate to strong evidence pinpoints the characteristics of
healthy dietary and physical activity patterns established to reduce chronic disease risk, prevent
and better manage overweight and obesity, and promote health and well-being across the
lifespan.

Although behavior change is complex, moderate to strong evidence now points to effective
strategies to promote healthy lifestyle behavior changes at individual and population levels. This
overall research evidence base can be used to inform policy changes, multi-sectorial
collaborations, as well as product/service reformulation as needed. It can be used with
confidence to provide guidelines and standards for nutrition and lifestyle intervention
services/programs in traditional health care and public health settings. It also provides
frameworks for public and private sector initiatives and community programming to make
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innovative environmental changes that can change population diet and physical activity
behaviors to promote population health.

Overall, the evidence base on the links between diet, physical activity, and health has never been
as strong or more compelling. The strength of evidence on “what works” to improve individual
and population lifestyle behaviors for health also has never been more robust, with solutions and
models of “best practices.” Furthermore, the increasing convergence of research evidence
showing that healthy dietary patterns not only reduce disease risks and improve health outcomes
but are associated with food security and sustainability provide a further, convincing rationale for
focused attention on prevention and individual and population health promotion. Additional
research must be conducted to strengthen this evidence base, and recommendations for such
research are made in each of the chapters in Part D. Science Base (see Appendix E-1: Needs for
Future Research for a compilation of the DGAC’s research recommendations).

DGAC 2015 RECOMMENDATIONS FOR ACTION

It will take concerted, bold action on the part of individuals, families, communities, industry, and
government to achieve and maintain healthy dietary patterns and the levels of physical activity
needed to promote a healthy U.S. population.

This will entail dramatic paradigm shifts in which population health is a national priority and
individuals, communities, and the public and private sectors seek together to achieve a
population-wide “culture of health” through which healthy lifestyle choices are easy, accessible,
affordable and normative—Dboth at home and away from home. In such a culture, preventing
diet- and physical activity-related diseases and health problems would be much more highly
valued, the resources and services needed to achieve and maintain health would become a
realized human right across all population strata, the needs and preferences of the individual
would be seriously considered, and individuals and their families/households would be actively
engaged in promoting their personal health and managing their preventive health services and
activities. Health care and public health professionals would embrace a new leadership role in
prevention, convey the importance of lifestyle behavior change to their patients/clients, set model
standards for prevention-oriented activities and client/employee services in their own facilities,
and manage patient/client referrals to evidence-based nutrition and comprehensive lifestyle
services and programs. Communities and relevant sectors of our economy, including food,
agriculture, private business, health care (as well as insurance), public health and education,
would seek common ground and collaborations in promoting population health. Initiatives would
be incentivized to engage communities and health care systems to create integrated and
comprehensive approaches to preventing chronic diseases and for weight management.
Environmental changes, including policy changes, improved food and beverage standards,
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reformulation of products and services as needed, and programs that enhance population lifestyle
behavior changes and support preventive services also would be incentivized.

Although these propositions are extremely challenging, it is imperative to seek novel and
creative, evidence-based solutions. The costs of failing to do so are the continuation of the very
high rates of preventable diet- and physical activity-related health problems we confront as a
Nation and the worsening of their serious adverse effects on our quality of life, population
productivity, and already highly strained healthcare costs. The evidence base has never been
stronger to guide solutions. What is needed are strong commitments and leadership, the
development of targeted public and private policies and partnerships, and the implementation of
evidence-based, cross-sectorial initiatives to achieve them. In the remainder of this chapter, the
DGAC summarizes specific recommendations guided by our conceptual model, which is
grounded in the socio-ecological theory model of individual and population lifestyle behavior
change for health promotion and disease prevention (see Part B. Chapter 1: Introduction).

Actions for Individuals and Families/Households

e Think prevention, know your lifestyle-related health risk profile, make personal goals and
commitments, and take action to promote personal and household/family health. Work with
health professionals to assess and monitor your health risks and to personalize your
preventive lifestyle behavior plan of action.

e Know and understand how to modify your diet and physical activity to reduce personal and
family member health risks. Know your current dietary pattern, including your healthy
choices that can be maintained as well as areas for potential change. Act on this information.
Seek to make gradual and sustainable changes in your dietary behaviors to achieve one of
several sound healthy dietary pattern options (e.g., Healthy U.S.-style Pattern, the Healthy
Mediterranean-style Pattern, or the Healthy VVegetarian Pattern; see Part D. Chapter 1: Food
and Nutrient Intakes, and Health: Current Status and Trends). For most people, this will
mean:

o Improving food and menu choices, modifying recipes (including mixed dishes and
sandwiches), and watching portion sizes.

o Including more vegetables (without added salt or fat), fruits (without added sugars),
whole grains, seafood, nuts, legumes, low/non-fat dairy or dairy alternatives (without
added sugars).

o0 Reducing consumption of red and processed meat, refined grains, added sugars, sodium,
and saturated fat; substituting saturated fats with polyunsaturated alternatives; and
replacing solid animal fats with non-tropical vegetable oils and nuts.
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The 2015 DGAC advocates achieving healthy dietary patterns through healthy food and
beverage choices rather than with nutrient or dietary supplements except as needed.

Use available Dietary Guidelines for Americans tools and other sound resources to initiate
positive personal lifestyle changes to improve dietary and physical activity behaviors,
including goal setting and self-monitoring.

0 As needed, seek regular advice from qualified health care providers to establish a

personalized plan for prevention that includes steps to adopt healthy dietary patterns and
physical activity. As appropriate, engage with nutrition and health professionals to
address personal health risks that can be lowered with sound diet and physical activity, or
participate in comprehensive lifestyle interventions conducted by trained interventionists
(registered dietitians/nutritionists, exercise and behavioral specialists).

Achieve and maintain a healthy weight. Know your level of obesity risk. Know your
energy needs and how they change with varying levels of physical activity. Take personal
action for obesity prevention or weight loss management, as needed, using sound,
evidence-based tools and resources. Seek to achieve a dietary pattern consistent with the
Dietary Guidelines for Americans, recognizing that many evidence-based options can
facilitate weight loss and weight loss maintenance. As appropriate, work with qualified
nutrition professionals and health providers to create a personalized plan of action for
obesity prevention. When needed, engage in intensive, long-term nutrition counseling or
comprehensive lifestyle intervention strategies to achieve maximal, long-term weight loss
and weight maintenance results.

Ensure at home and in public settings, such as schools and early child care programs, that
young children achieve a high-quality dietary pattern and level of physical activity.
Encourage their active participation in food experiences and activity choices so that the
importance of dietary quality and physical activity are reinforced, and healthy lifestyle
behaviors become normative, habitual, and easier to maintain through adolescence and
lifelong.

Follow on a regular basis, the Physical Activity Guidelines for Americans. Engage in at
least 2.5 hours a week of moderate-intensity aerobic physical activity, such as brisk
walking, or 1.25 hours a week of vigorous-intensity aerobic physical activity. For weight
control, at least 1 hour a day of moderate- to vigorous-intensity physical activity may be
required. Engage children in at least 1 hour a day of moderate- to vigorous-intensity
physical activity each day. Limit children’s screen time to no more than two hours per
day. Adults should limit sedentary activity and replace it with aerobic and strengthening
exercises. As needed, engage with qualified professionals in comprehensive lifestyle
interventions to achieve maximal impact on healthy dietary and physical activity patterns
and health outcomes. Get enough sleep!
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Seek and demand the creation and maintenance of food and physical activity
environments and resources in your community and in local public, private and retail
settings so as to promote a “culture of health.” These are strongly needed to facilitate the
ease of initiating and meeting the U.S. Dietary Guidelines recommendations at home and
away from home.

Actions for Communities and Populations

e Aim to make healthy lifestyles and prevention a national and local priority and reality.

(0]

Create public and private policy changes at the national level that direct and incentivize
collaborations by multiple sectors of influence, including health care, public health,
education, food and agriculture, transportation, food retail, the media, non-governmental
organizations, and service sectors.

Incentivize the development of policies and initiatives at local, state, and Federal levels
that are carried out using cross-sectorial collaborations to promote individual healthy
lifestyle behavior changes and create community “cultures of health.” These may include
improvements in built and physical environments to create safe and accessible resources
and settings for increased physical activity and more widely available healthy food
choices. They may entail changes in policies, standards, and practices in retail, and public
and private settings and programs that promote “cultures of health” and facilitate the
initiation and maintenance of healthy lifestyle behaviors at individual and community
levels.

e Seek a paradigm shift in health care and public health toward a greater focus on prevention
and integration with food systems.

(0}

Incentivize and support nutrition professionals, health care providers, and other qualified
professionals in their unique roles of encouraging and counseling patients and clients to
adopt healthy dietary and physical activity and in offering evidence-based nutrition
services and comprehensive lifestyle interventions. Integrate preventive lifestyle
screening, referral, and interventions and services for weight management and chronic
disease risk reduction into routine practice guidelines and quality assurance standards.

Support health care facilities, such as hospitals and clinics, in seeking to model
prevention and achieving “cultures of health” by offering healthy food choices for
patients, visitors, and staff; implementing preventive nutrition services and
comprehensive lifestyle intervention programs; and making referrals to Federal and local
food assistance programs as needed by their staff and clients.

Require health insurance providers to use financial and other positive incentives to
encourage and motivate health care settings and businesses to support individuals in
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adopting healthy behaviors and engaging, as appropriate, in nutrition and exercise
counseling and comprehensive lifestyle behavior interventions.

Encourage and incentivize health care innovations and community prevention through
Affordable Care Act (ACA) policies and programs, including expanding preventive
lifestyle services in traditional health services environments and new retail health
services environments that link to Federal and local food assistance programs. These
should provide resources for individuals to engage and sustain personal lifestyle behavior
change. In addition, ACA programs and policies should increase access to qualified
professionals and programs and services that promote healthy diet and physical activity
behaviors.

Incentivize businesses to establish employee health benefits plans that include access to
resources and services that encourage personal health promotion and healthy lifestyle
behavior changes. Support employers in using positive motivation strategies to realize
these changes.

Establish healthy food environments.

o Establish local, state, and Federal policies to make healthy foods accessible and

affordable and to limit access to high-calorie, nutrient-poor foods and sugar-sweetened
beverages in public buildings and facilities. Set nutrition standards for foods and
beverages offered in public places. Improve retail food environments and make healthy
foods accessible and affordable in underserved neighborhoods and communities.

Develop and expand programs that encourage healthy eating and physical activity habits
in young children and adolescents within school and early care and other education
settings. Establish and implement policies and programs that provide nutritious foods,
limit sugar-sweetened beverages and other unhealthy foods, incorporate nutrition
curricula and experiences and physical activity opportunities, and increase provider and
teacher skills to develop and promote these programs.

Implement the comprehensive school meal guidelines (National School Lunch Program)
from the USDA that increase intakes of vegetables (without added salt), fruits (without
added sugars), and whole grains; limit sodium, added sugars, saturated fat, and trans fat;
limit marketing unhealthy foods to children; make drinking water freely available to
students throughout the day; ensure competitive foods meet the national nutrition
standards (e.g., Dietary Guidelines for Americans); and eliminate sugar-sweetened
beverages.

Improve, standardize and implement Nutrition Facts labels and Front of Package labels to
help consumers, including those with low literacy levels, make healthy food choices. The
Nutrition Facts label should include added sugars (in grams and teaspoons) and include a
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percent daily value, to assist consumers in identifying the amount of added sugars in
foods and beverages and making informed dietary decisions. Standardize and create easy-
to-understand front-of-package (FOP) label on all food and beverage products to give
clear guidance about a food’s healthfulness. An example is the FOP label recommended
by the Institute of Medicine, which included calories, and 0 to 3 “nutritional” points for
added sugars, saturated fat, and sodium. This would be integrated with the Nutrition Facts
label, allowing consumers to quickly and easily identify nutrients of concern for
overconsumption, in order to make healthy choices.

Align nutritional and agricultural policies with Dietary Guidelines recommendations and
make broad policy changes to transform the food system so as to promote population
health, including the use of economic and taxing policies to encourage the production and
consumption of healthy foods and to reduce unhealthy foods. For example, earmark tax
revenues from sugar-sweetened beverages, snack foods and desserts high in calories,
added sugars, or sodium, and other less healthy foods for nutrition education initiatives
and obesity prevention programs.

Align food assistance programs such as SNAP and WIC with the Dietary Guidelines for
Americans. Provide standards for purchasing that create new demands for healthy foods,
such as vegetables and fruits, and discourage the purchase and consumption of foods,
such as sugar-sweetened beverages. Support research to explore ways to improve overall
diet quality in Federal and local food assistance programs.

Support changes to the food environment that can help individuals make healthy choices
in the foods they consume away from home and those they purchase away from home to
consume at home. For example, the Committee encourages the food industry to continue
to reformulate and make changes to improve the nutrition profile of certain foods.
Examples of such actions include lowering sodium and added sugars content, achieving
better saturated fat to polyunsaturated fat ratio, and reducing portion sizes in retail
settings (restaurants, food outlets, and public venues, such as professional sports stadiums
and arenas). The Committee also encourages the food industry to market these improved
products to consumers.

Implement policies and programs at local, state and national levels in both the public and
private sectors to reduce added sugars and sodium in foods, limit availability of sugar-
sweetened beverages, and promote healthy snacks. Approaches might include:

= Making water a preferred beverage choice. Encourage water as a preferred beverage
when thirsty. Make water accessible in public settings, child care facilities, schools,
worksites and other community places where beverages are offered.

= Reducing added sugars in foods and sugar-sweetened beverages in school meals.
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= Making “smart snacks” consistent with the Dietary Guidelines in schools, child care
settings, parks, recreation centers, sports leagues, after-school programs, worksites,
colleges and universities, healthcare, and other community settings.

= Implementing policies that limit exposure and marketing of foods and beverages high
in added sugars and sodium to all age groups, particularly children and adolescents.

= Implementing economic and pricing approaches to promote the purchase of healthy
foods and beverages. For example, taxation on higher sugar-and sodium-containing
foods may encourage consumers to reduce consumption and revenues generated
could support health promotion efforts. Alternatively, price incentives on vegetables
and fruits could be used to promote consumption and public health benefits.

= Mounting public education campaigns to increase the public’s awareness of the health
effects of excess added sugars, sodium, saturated fat, and calories.

e Support and expand access to healthy built environments and advocate wide community use.

0 Increase opportunities for regular public engagement in physical activity through
improved urban and community designs, enhanced community built environments,
business spaces, and transportation networks. Urban and community designs should
encourage and promote active transportation, such as walking and biking. Green
corridors can increase public safety and enhance active transportation.

o Incentivize communities to make physical activity accessible, affordable, and safe.
Encourage public and private sectors to work together to increase access to gyms, bike
trails, pedestrian walkways, ball fields, and other recreation areas in the communities.
Promote physical activity through social media, smart phone, and other technologies.

0 Reach out to and engage groups such as new immigrant communities who may abandon
their native healthy lifestyle habits and others at highest nutritional and health risk, to
ensure that they learn about resources and are motivated to access, engage in, and sustain
healthy dietary patterns and physical activities within their cultural preferences.

e Maintain strong support for Federal food and nutrition programs.

0 Recognize their importance in creating demand for healthy food products as well as in
shaping and modeling consumer behaviors relating to healthy dietary and physical
activity patterns.

o Align program standards with the Dietary Guidelines for Americans so as to achieve the
2015 DGAC recommendations and promote a “culture of health.”

e Recognize and place priority on moving toward a more sustainable diet consistent with the
healthy dietary pattern options described in this DGAC report. Access to sufficient,
nutritious, and safe food is an essential element of food security for the U.S. population. A
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sustainable diet helps ensure this access for both the current population and future
generations.

o Enhance what is already being done by the private and public sectors to improve
environmental policies and practices around production, processing, and distribution
within individual food categories.

o Align local, state, and national practices and policies across sectors to promote a
sustainable and safe food supply to ensure long-term food security. Support robust
private and public sector partnerships, practices, and policies across the supply chain and
extending from farms to distribution and consumption that can incentivize actions to
develop a food system that embraces a core set of values that embody healthy, safe, and
sustainable dietary patterns. Monitor, evaluate, and reward sectors that do this. Establish
new, well-coordinated policies that include, but are not limited to, agriculture, economics,
transportation, energy, water use, and dietary guidance. Encourage all participants in the
food system, as they are central to creating and supporting sustainable and safe diets.

o Shift toward a greater emphasis on healthy dietary patterns and an improved
environmental profile across food categories to maximize environmental sustainability,
including encouraging consumption of a variety of wild caught or farmed seafood.

o Improve the nutrient profiles of certain farmed seafood species, particularly EPA and
DHA levels, through improved feeding and processing systems and preserve the
favorable nutrient profiles of other seafood. Establish strong policy, research, and
stewardship to improve the environmental sustainability of farmed seafood systems.

o Offer consumer-friendly information that facilitates understanding the environmental
impact of different foods in food and menu labeling initiatives.

0 Recognize the importance of foodborne illness prevention and encourage consumer
behavior consistent with the four food safety principles described in the Dietary
Guidelines for Americans—Clean, Separate, Cook, and Chill, which are the foundation of
the Fight BAC!® campaign (www.fightbac.org).

REFERENCES

1. Ward BW, Schiller JS, Goodman RA. Multiple chronic conditions among US adults: a 2012
update. Prev Chronic Dis. 2014;11:130389. DOI: http://dx.doi.org/10.5888/pcd11.130389.

2. Eckel RH, Jakicic JM, Ard JD, de Jesus JM, Houston Miller N, Hubbard VS, et al. 2013
AHA/ACC guideline on lifestyle management to reduce cardiovascular risk: a report of the
American College of Cardiology/American Heart Association Task Force on Practice

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 11



405
406

407
408
409
410
411

412

413
414

Part B. Chapter 2: Themes and Recommendations: Integrating the Evidence

Guidelines. J Am Coll Cardiol. 2014;63(25 Pt B):2960-84. PMID: 24239922.
http://www.ncbi.nlm.nih.gov/pubmed/24239922.

3. Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, Donato KA, et al. 2013
AHA/ACC/TOS guideline for the management of overweight and obesity in adults: a report
of the American College of Cardiology/American Heart Association Task Force on Practice
Guidelines and The Obesity Society. J Am Coll Cardiol. 2014;63(25 Pt B):2985-3023.
PMID: 24239920. http://www.ncbi.nIm.nih.gov/pubmed/24239920.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 12



N

©O© 0o NO O bW

10
11
12

13
14
15
16
17
18
19
20
21
22
23
24

25
26
27
28

29
30
31
32
33
34
35

Part C. Methodology

Part C. Methodology

COMMITTEE APPOINTMENT

Beginning with the 1985 edition, the U.S. Department of Agriculture (USDA) and U.S.
Department of Health and Human Services (HHS) have appointed a Dietary Guidelines Advisory
Committee (DGAC) of nationally recognized experts in the field of nutrition and health to
review the scientific evidence and medical knowledge current at the time. This Committee has
been an effective mechanism for obtaining a comprehensive and systematic review of the science
which contributes to successful Federal implementation as well as broad public acceptance of the
Dietary Guidelines. The 2015 DGAC was established for the single, time-limited task of
reviewing the 2010 edition of Dietary Guidelines for Americans and developing nutrition and
related health recommendations in this Advisory Report to the Secretaries of USDA and HHS.
The Committee was disbanded upon delivery of this report.

Nominations were sought from the public through a Federal Register notice published on
October 26, 2012. Criteria for nominating prospective members of the DGAC included
knowledge about current scientific research in human nutrition and chronic disease, familiarity
with the purpose, communication, and application of the Dietary Guidelines, and demonstrated
interest in the public's health and well-being through their research and educational endeavors.
They also were expected to be respected and published experts in their fields. Expertise was
sought in several specialty areas, including, but not limited to, the prevention of chronic diseases
(e.g., cancer, cardiovascular disease, type 2 diabetes, overweight and obesity, and osteoporosis);
energy balance (including physical activity); epidemiology; food processing science, safety, and
technology; general medicine; gerontology; nutrient bioavailability; nutrition biochemistry and
physiology; nutrition education and behavior change; pediatrics; maternal/gestational nutrition;
public health; and/or nutrition-related systematic review methodology.

The Secretaries of USDA and HHS jointly appointed individuals for membership to the 2015
DGAC. The chosen individuals are highly respected by their peers for their depth and breadth of
scientific knowledge of the relationship between dietary intake and health in all relevant areas of
the current Dietary Guidelines.

To ensure that recommendations of the Committee took into account the needs of the diverse
groups served by USDA and HHS, membership included, to the extent practicable, a diverse
group of individuals with representation from various geographic locations, racial and ethnic
groups, women, and persons with disabilities. Equal opportunity practices, in line with USDA
and HHS policies, were followed in all membership appointments to the Committee.
Appointments were made without discrimination on the basis of age, race and ethnicity, gender,
sexual orientation, disability, or cultural, religious, or socioeconomic status. Individuals were
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appointed to serve as members of the Committee to represent balanced viewpoints of the
scientific evidence, and not to represent the viewpoints of any specific group. Members of the
DGAC were classified as Special Government Employees (SGESs) during their term of
appointment, and as such were subject to the ethical standards of conduct for all federal
employees.

CHARGE TO THE 2015 DIETARY GUIDELINES ADVISORY
COMMITTEE

The Dietary Guidelines for Americans provide science-based advice on how nutrition and
physical activity can help promote health across the lifespan and reduce the risk for major
chronic diseases in the U.S. population ages 2 years and older.

The Dietary Guidelines form the basis of Federal nutrition policy, standards, programs, and
education for the general public and are published jointly by HHS and USDA every 5 years. The
charge to the Dietary Guidelines Advisory Committee, whose duties were time-limited and
solely advisory in nature, was described in the Committee’s charter as follows:

e Examine the Dietary Guidelines for Americans, 2010 and determine topics for which new
scientific evidence is likely to be available that may inform revisions to the current
guidance or suggest new guidance.

e Place its primary focus on the systematic review and analysis of the evidence published
since the last DGAC deliberations.

e Place its primary emphasis on the development of food-based recommendations that are
of public health importance for Americans ages 2 years and older.

e Prepare and submit to the Secretaries of HHS and USDA a report of technical
recommendations with rationales, to inform the development of the 2015 Dietary
Guidelines for Americans. DGAC responsibilities included providing authorship for this
report; however, responsibilities did not include translating the recommendations into
policy or into communication and outreach documents or programs.

e Disband upon the submittal of the Committee’s recommendations, contained in the
Report of the Dietary Guidelines Advisory Committee on the Dietary Guidelines for
Americans, 2015 to the Secretaries.

e Complete all work within the 2-year charter timeframe.
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THE COMMITTEE PROCESS
Committee Membership

Fifteen members were appointed to the Committee, one of whom resigned within the first 3
months of appointment due to new professional obligations (see the DGAC Membership). The
Committee served without pay and worked under the regulations of the Federal Advisory
Committee Act (FACA). The Committee held seven public meetings over the course of 1%
years. Meetings were held in June 2013 and January, March, July, September, November, and
December 2014. The members met in person on the campus of the National Institutes of Health
in Bethesda, Maryland, for six of the seven meetings. The Committee met by webinar for the
November 2014 meeting. All meetings were made publically available live by webcast. In
addition, members of the general public were able to attend the Committee’s first two meetings
in person in Washington DC area. For the remaining meetings, members of the public were able
to observe by webcast. All meetings were announced in the Federal Register. Meeting
summaries, presentations, archived recordings of all of the meetings, and other documents
pertaining to Committee deliberations were made available at www.DietaryGuidelines.gov.
Meeting materials also were provided at the reference desks of the HHS National Institutes of
Health.

Public Comments

Written public comments were received throughout the Committee's deliberations through an
electronic database and provided to the Committee. This database allowed for the generation of
public comment reports as a result of a query by key topic area(s). A general description of the
types of comments received and the process used for collecting public comments is described in
Appendix E-7. Public Comments.

DGAC Conceptual Model

Recognizing the dynamic interplay that exists among the determinants and influences on diet and
physical activity as well as the myriad resulting health outcomes, the Committee developed a
conceptual model to complement its work. The Committee began by reviewing the socio-
ecological model in the 2010 Dietary Guidelines for Americans and identified the primary goals
of the new model: 1) characterize the multiple interrelated determinants of complex nutrition and
lifestyle behaviors and health outcomes at individual and population levels, and 2) highlight
those areas within this large system that are addressed by the 2015 DGAC review of the
evidence. In addition, the Committee sought to develop a model that provided an organizing
framework to show readers how the Science Base chapters in this report relate to each other and
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to the larger food and agriculture, nutrition, physical activity, and health systems in the United
States. It first developed an outline that identified a large number of factors and highlighted a
select number to be addressed in its evidence reviews of this report. A smaller group of
Committee members then developed a draft visual approach for conveying the main messages
within a conceptual model. Using the structure of that draft visual, the content of the outline was
organized into a supplementary table. The draft outline, resulting visual, and supporting table
went through review and input by the members at several stages. The resulting conceptual model
and supporting table are found in Part B. Chapter 1: Introduction.

Approaches to Reviewing the Evidence

The Committee used a variety of scientifically rigorous approaches to address its science-based
questions, and some questions were addressed using multiple approaches. The Committee used
the state-of-the-art methodology, systematic reviews, to address 27 percent of its science-based
research questions. These reviews are publically available in the Nutrition Evidence Library
(NEL) at www.NEL.gov. The scientific community now regularly uses systematic review
methodologies, so, unlike the 2010 DGAC, the 2015 Committee was able to use existing sources
of evidence to answer an additional 45 percent of the questions it addressed. These sources
included existing systematic reviews, meta-analyses, or reports. The remainder of the questions,
30 percent, were answered using data analyses and food pattern modeling analyses. These three
approaches allowed the Committee to ask and answer its questions in a systematic, transparent,
and evidence-based manner.

For all topics and questions, regardless of the path used to identify and evaluate the scientific
evidence, the Committee developed conclusion statements and implications statements.
Conclusion statements are a direct answer to the question asked, reflecting the strength of
evidence reviewed (see additional details, below, in “Develop Conclusion Statements and Grade
the Evidence”). Implications statements were developed to put the Conclusion in necessary
context and varied in length depending on the topic or question. The primary purpose of these
statements in this report is to describe what actions the Committee recommends that individuals,
programs, or policies might take to promote health and prevent disease in light of the conclusion
statement. However, some implications statements also provided important statements of fact or
references to other processes or initiatives that the Committee felt were critical in providing a
complete picture of how their advice should be applied to reach the desired outcomes.

Based on the existing body of evidence, research gaps, and limitations, the DGAC also
formulated research recommendations that could advance knowledge related to its question and
inform future Federal food and nutrition guidance as well as other policies and programs. Some
research recommendations were developed and reported for specific topic areas covered in each
chapter; others were overarching and covered an entire chapter.
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Committee Working Structures and Process

The Committee’s research questions were developed and prioritized initially by three Working
Groups, which then organized themselves into five topic area Subcommittees, and four topic-
specific Working or Writing Groups to conduct their work. The Subcommittees were: Food and
Nutrient Intakes and Health: Current Status and Trends; Dietary Patterns, Foods and Nutrients,
and Health Outcomes; Diet and Physical Activity Behavior Change; Food and Physical Activity
Environments; and Food Sustainability and Safety. Working Groups were established on an “as
needed” basis when a topic crossed two or more subcommittees. The three working groups were:
Sodium, Added Sugars, and Saturated Fats. In addition, a Physical Activity Writing Group was
established within the subcommittee on Food and Physical Activity Environments. The
Subcommittees, Working Groups, and Writing Groups were made up of three to seven
Committee members, with one Committee member appointed as the chair (for subcommittees) or
lead (for working or writing groups). The membership of each group is listed in Appendix E-9.
Although the chair or lead member was responsible for communicating and coordinating all the
work that needed to be accomplished within the group, recommendations coordinated by each
group ultimately reflected the consensus of the entire Committee from deliberations in the public
meetings. In addition, the Committee’s Chair and Vice-chair served in an advisory role on each

group.

Subcommittees and working/writing groups met regularly and communicated by conference
calls, webinars, e-mail, and face-to-face meetings. Each group was responsible for presenting the
basis for its draft conclusions and implications to the full Committee within the public meetings,
responding to questions from the Committee, and making changes, if warranted. To gain
perspective for interpreting the science, some groups invited experts on a one-time basis to
participate in a meeting to provide their expertise on a particular topic being considered by the
group. Two subcommittees also used consultants, who were experts in particular issues within
the purview of the subcommittee’s work. These consultants participated in subcommittee
discussions and decisions on an ongoing basis, but were not members of the full Committee.
Like Committee members, they completed training and were reviewed and cleared through a
formal Federal process. Seven invited outside experts presented to the full Committee at the
January and March, 2014, public meetings. These experts addressed questions posed by the
Committee in advance and responded to additional questions during the meetings.

In addition to these five subcommittees and four working/writing groups, the DGAC included a
Science Review Subcommittee, similar to that formed for the 2010 DGAC. The members
included the DGAC Chair and Vice-chair and the two 2015 DGAC members who had also
served on the 2010 DGAC. The main focus of this subcommittee was to provide oversight to the
whole DGAC process. This Subcommittee played a primary role in organizing the Committee
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members into their initial work groups, then into subcommittees and working/writing groups. It
facilitated the prioritization of topics to be considered by the Committee and provided oversight
to ensure that consistent and transparent approaches were used when reviewing the evidence.
This oversight also included monitoring the progress of work toward the development of this
report in the allotted timeline. As the review of the science progressed, the Science Review
Subcommittee meetings were opened to subcommittee Chairs and eventually to other
working/writing group Leads when cross-cutting topics were placed on the agenda. In order to
adhere to FACA guidelines, full Committee participation was not allowed.

The Committee members were supported by HHS’s Designated Federal Officer, who led the
administrative effort for this revision process and served as one of four Co-executive Secretaries
(two from HHS and two from USDA). Support staff for managing Committee operations
consisted of HHS and USDA Dietary Guidelines Management Team members and NEL Team
members, including two research librarians. A third Federal staff team, the Data Analyses Team,
provided support to the Committee by providing data upon the request of the Committee (see
DGAC Membership for a list of these DGAC support staff).

DGAC Report Structure

Reflecting the DGAC subcommittee and working/writing group structure, the bulk of the report
consists of seven science-based chapters that summarize the evidence assessed and evaluated by
the Committee. Five chapters correspond to the work of the five subcommittees; one chapter
covers the cross-cutting topics of sodium, saturated fat, and added sugars and low-calorie
sweeteners; and one chapter addresses physical activity.

Throughout its deliberations, the Committee considered issues related to overall dietary patterns
and the need for integrating findings from individual diet and nutrition topic areas. As a result,
the Committee included an additional chapter—Part B. Chapter 2: 2015 DGAC Themes and
Recommendations: Integrating the Evidence.

SYSTEMATIC REVIEW OF THE SCIENTIFIC EVIDENCE

The USDA'’s Nutrition Evidence Library (NEL), housed within the Center for Nutrition Policy
and Promotion, was responsible for assisting the 2015 DGAC in reviewing the science and
supporting development of the 2015 DGAC Report. The NEL used state-of-the-art methodology
informed by the Agency for Healthcare Research and Quality (AHRQ),* the Cochrane
Collaboration,? the Academy of Nutrition and Dietetics® and the 2011 Institute of Medicine
systematic review (SR)* standards to review, evaluate, and synthesize published, peer-reviewed
food and nutrition research. The NEL’s rigorous, protocol-driven methodology is designed to
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maximize transparency, minimize bias, and ensure SRs are relevant, timely, and high-quality.
Using the NEL evidence-based approach enables HHS and USDA to comply with the Data
Quality Act, which states that Federal agencies must ensure the quality, objectivity, utility, and
integrity of the information used to form Federal guidance.

DGAC members developed the SR questions and worked with NEL staff to implement the SRs.
The following represent overarching principles for the NEL process:
e The DGAC made all substantive decisions required during the process.

o NEL staff provided facilitation and support to ensure that the process was consistently
implemented in accordance with NEL methodology.

o NEL used document templates, which served as a starting point and were tailored to each
specific review.

e When working with the DGAC, the Science Review Subcommittee provided oversight to
the DGAC’s work throughout the deliberative process, ensuring that the Subcommittees
used consistent and transparent approaches when reviewing the evidence using NEL SRs.

The NEL employed a six-step SR process, which leveraged a broad range of expert inputs:

o Step 1: Develop systematic review questions and analytic frameworks
o Step 2: Search, screen, and select studies to review

o Step 3: Extract data and assess the risk of bias of the research

o Step 4: Describe and synthesize the evidence

o Step 5: Develop conclusion statements and grade the evidence

o Step 6: Identify research recommendations

Each step of the process was documented to ensure transparency and reproducibility. Specific
information about each review is available at www.NEL.gov, including the research questions,
the related literature search protocol, literature selection decisions, an assessment of the
methodological quality of each included study, evidence summary materials, evidence tables, a
description of key findings, graded conclusion statements, and identification of research
limitations and gaps. These steps are described below.

Develop Systematic Review Questions and Analytic Frameworks

The DGAC identified, refined, and prioritized the most relevant topics and then developed
clearly focused SR questions that were appropriate in scope, reflected the state of the science,
and targeted important policy relevant to public health issue(s). Once topics and systematic
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review questions were generated, the DGAC developed an analytical framework for each topic in
accordance with NEL methodology. These frameworks clearly identified the core elements of
the systematic review question/s, key definitions, and potential confounders to inform
development of the systematic review protocol.

The core elements of a SR question include Population, Intervention or Exposure, Comparator,
and Outcomes (PICO). These elements represent key aspects of the topic that need to be
considered in developing a SR framework. An analytic framework is a type of evidence model
that defines and links the PICO elements and key confounders. The analytical framework serves
as a visual representation of the overall scope of the project, provides definitions for key SR
terms, helps to ensure that all contributing elements in the causal chain will be examined and
evaluated, and aids in determining inclusion and exclusion criteria and the literature search
strategy.

Search, Screen, and Select Studies to Review

Searching, screening, and selecting scientific literature was an iterative process that sought to
identify the most complete and relevant body of evidence to answer a SR question. This process
was guided by inclusion and exclusion criteria determined a priori by the DGAC. The NEL
librarians created and implemented search strategies that included appropriate databases and
search terms to identify literature to answer each SR question. The results of the literature search
were screened by the NEL librarians and staff in a dual, step-wise manner, beginning with titles,
followed by abstracts, and then full-text articles, to determine which articles met the criteria for
inclusion in the review. Articles that met the inclusion criteria were hand searched in an effort to
find additional pertinent articles not identified through the electronic search. In addition, NEL
staff and the DGAC conducted a duplication assessment to determine whether high-quality SRs
or meta-analyses (MA) were available to augment or replace a NEL SR.

The DGAC provided direction throughout this process to ensure that the inclusion and exclusion
criteria were applied appropriately and the final list of included articles was complete and
captured all research available to answer a SR question. Each step of the process also was
documented to ensure transparency and reproducibility.

The NEL established and the DGAC approved standard inclusion and exclusion criteria to
promote consistency across reviews and ensure that the evidence being considered in NEL SRs
was most relevant to the U.S. population. The DGAC used these standard criteria and revised
them a priori as needed to ensure that they were appropriate for the specific SR being conducted.
In general, criteria were established based on the analytical framework to ensure that each study
included the appropriate population, intervention/exposure, comparator(s), and outcomes. They
were typically established for the following study characteristics:
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e Study design

o Date of publication

e Publication language

o Study setting

e Study duration

o Publication status (i.e., peer reviewed)

e Type, age, and health status of study subjects

e Size of study groups

e Study dropout rate
To capitalize on existing literature reviews, the NEL performed duplication assessments, which
identified any existing high-quality SRs and/or MAs that addressed the topic or SR questions

posed. Existing SRs and MAs were valuable sources of evidence and were used for two main
purposes in the NEL SR process:

e Toaugmenta NEL SR as an additional source of evidence, but not as an included study
in the review (in this case, the studies in the existing SR or MA would not be included
individually in the NEL review that was conducted); or

e Toreplace a de novo NEL SR.

NEL also used existing SRs to provide background and context for current reviews, inform SR
methodology, and cross-check the literature search for completeness.

If multiple relevant, low risk of bias, and timely SRs or MA were available, the reviews were
compared and a decision was made as to whether an existing SR/MA would be used, or whether
a de novo SR would be conducted. This decision was made based on the relevancy of the review
in relation to the SR question and, when more than one review was identified, the consistency of
the findings. If existing SRs/MA addressed different aspects of the outcome, more than one
SR/MA may have been be used to replace a de novo SR. More information on the use of existing
SRs/MAs to replace a de novo NEL SR is provided below in the section “Existing Sources of
Evidence.”

Extract Data and Assess the Risk of Bias

Key information from each study included in a systematic review was extracted and a risk of bias
assessment was performed by a NEL abstractor. NEL abstractors are National Service
Volunteers from across the United States with advanced degrees in nutrition or a related field
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who were trained to review individual research articles included in NEL systematic reviews (a
list of the Volunteers is included in Appendix E-10: Dietary Guidelines Advisory Committee
Report Acknowledgments). From the evidence grids, summary tables are created for each SR
that highlight the most relevant data from the reviewed papers. These tables are available on
www.NEL.gov.

The risk of bias (i.e., internal validity) for each study was assessed using the NEL Bias
Assessment Tool (BAT) (see Table C.1 at the end of this chapter). This tool helped in
determining whether any systematic error existed to either over- or under-estimate the study
results. This tool was developed in collaboration with a panel of international systematic review
experts.

NEL staff reviewed the work of abstractors, resolved inconsistencies, and generated a draft of a
descriptive summary of the body of evidence. The DGAC reviewed this work and used it to
inform their synthesis of the evidence.

Describe and Synthesize the Evidence

Evidence synthesis is the process by which the DGAC compared, contrasted, and combined
evidence from multiple studies to develop key findings and a graded conclusion statement that
answered the SR question. This qualitative synthesis of the body of evidence involved
identifying overarching themes or key concepts from the findings, identifying and explaining
similarities and differences between studies, and determining whether certain factors affected the
relationships being examined.

To facilitate the DGAC’s review and analysis of the evidence, staff prepared a “Key Trends”
template for each SR question. This document was customized for each question and included
questions related to major trends, key observations, themes for conclusion statements and key
findings. It also addressed methodological problems or limitations, magnitude of effect,
generalizability of results, and research recommendations. DGAC members used the description
of the evidence, along with the full data extraction grid, and full-text manuscripts to complete the
“Key Trends” questions. The responses were compiled and used to draft the qualitative evidence
synthesis and the conclusion statement.

Develop Conclusion Statements and Grade the Evidence

The conclusion statement is a brief summary statement worded as an answer to the SR question.

It must be tightly associated with the evidence, focused on general agreement among the studies

around the independent variable(s) and outcome(s), and may acknowledge areas of disagreement
or limitations, where they exist. The conclusion statement reflects the evidence reviewed and

does not include information that is not addressed in the studies. The conclusion statement also
Scientific Report of the 2015 Dietary Guidelines Advisory Committee 10
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may identify a relevant population, when appropriate. In addition, “key findings” (approximately
3 to 5 bulleted points) were drafted for some questions to provide context and highlight
important findings that contributed to conclusion statement development (e.g., brief description
of the evidence reviewed, major themes, limitations of the research reviewed or results from
intermediate biomarkers).

The DGAC used predefined criteria to evaluate and grade the strength of available evidence
supporting each conclusion statement. The grade communicates to decision makers and
stakeholders the strength of the evidence supporting a specific conclusion statement. The grade
for the body of evidence and conclusion statement was based on five elements outlined in the
NEL grading rubric: quality, quantity, consistency, impact and generalizability (see Table C.2 at
the end of this chapter for the full NEL grading rubric).

EXISTING SOURCES OF EVIDENCE: REPORTS, SYSTEMATIC
REVIEWS, AND META-ANALYSES

For a number of topics, the DGAC chose to consider existing high-quality sources of evidence
such as existing reports from leading scientific organizations or Federal agencies, SRs, and/or
MA to fully or partially address questions. (These three categories of existing sources of
evidence are collectively referred to in this report as “existing reports.”) This was done to
prevent duplication of effort and promote time and resource management. The methods generally
used to identify and review existing reports are described below, and any modifications to this
process for answering a question are described in the Methodology section of the individual
Science Base chapters (e.g., the DGAC relied on three Federal reports to write the Physical
Activity chapter; see the Methods section of Part D. Chapter 7: Physical Activity for details on
the process the Committee used to review the evidence and develop conclusion statements from
these existing reports).

First, an analytical framework was developed that clearly described the population,
intervention/exposure, comparator, and outcomes (intermediate and clinical) of interest for the
question being addressed. When Committee members were aware of high-quality existing
reports that addressed their question(s), they decided a priori to use existing report(s), rather than
to conduct a de novo NEL SR. A literature search was then conducted to identify other existing
reports to augment the existing report(s) identified by the Committee. The literature was
searched by a NEL librarian to identify relevant studies. The process used to create and execute
the literature search is described in detail above (see “Search, Screen, and Select Studies to
Review”). In other cases, the Committee was not aware of any existing reports and intended to
conduct a de novo NEL SR. However, as part of the duplication assessment step of the NEL
process, one or more existing SRs or MA were identified that addressed the question that led to
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the Committee deciding to proceed using existing SRs/MA rather than complete an independent
review of the primary literature. This process is also described above. Finally, for some
questions, the Committee used existing reports as the primary source of evidence to answer a
question, but chose to update one or more of those existing reports using the NEL process to
identify and review studies that had been published after the completion of the literature search
for the existing report(s).

When SRs or MA that addressed the question posed by the Committee were identified, staff
conducted a quality assessment using the Assessment of Multiple Systematic Reviews
(AMSTAR) tool.®> This tool includes 11 questions, each of which is given a score of one if the
criterion is met or a score of zero if the criterion is not met, is unclear, or is not applicable (see
Table C.3 at the end of this chapter). Guidance for answering some of the questions was tailored
for the work of the Committee. Articles rated 0-3 were considered to be of low quality, 4-7 of
medium quality, and 8-11 of high quality.® Unless otherwise noted, only high quality SRs/MA,
receiving scores of 8-11, were considered by the DGAC.

In a few cases, existing reports were considered that did not examine the evidence using SR or
MA. These reports were discussed by the subcommittees and determined to be of high-quality.
The subcommittees also had the option of bringing existing reports to the Science Review
Subcommittee to ensure that the report met the quality standards of the Committee, if needed.

Next, if multiple high-quality existing reports were identified, their reference lists were
compared to find whether any references and/or cohorts were included in more than one of the
existing reports. The Committee then addressed the overlap in their review of the evidence
ensuring that, in cases where overlap existed, that the quantity of evidence available was not
overestimated. In a few cases, if two or more SRs/MAs appropriately answered a question and
there was substantial reference overlap, the Committee chose to only use one of the SRS/MA to
answer the question.

Tables or other documents that summarized the methodology, evidence, and conclusions of the
existing reports were used by the Committee members to facilitate their review of the evidence.
For example, a “Key Trends” document was often used to help identify themes observed in the
body of evidence. The “Key Trends” document included questions related to major trends, key
observations, themes for key findings, and conclusion statements. Members of the DGAC used
the description of the evidence, along with summary tables and the original reports, to answer the
questions. Feedback from the DGAC on the “Key Trends” document was compiled and used to
draft the qualitative evidence synthesis and the conclusion statement. As described above, the
conclusion statement is a brief summary statement worded as an answer to the question. In
drawing conclusions, Committee members could choose to:

1. Carry forward findings or conclusions from existing report(s).
Scientific Report of the 2015 Dietary Guidelines Advisory Committee 12
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2. Synthesize the findings from multiple existing report(s) to develop their own conclusions.
3. Place primary emphasis on the existing report(s) and discuss how new evidence identified
through the NEL process relates to the conclusions or findings of the existing report(s).

Next, the Committee graded their conclusion statement using a table of strength of evidence
grades adapted specifically use with existing reports (see Table C.4 at the end of this chapter). In
cases where the DGAC used an existing report with its own formally graded conclusions, the
Committee acknowledged the grade assigned within that existing report, and then assigned a
DGAC grade that was the closest equivalent to the grade assigned in the existing report.

DATA ANALYSES

Federal Data Acquisition

Earlier Committees used selected national, Federal data about the dietary, nutritional, and health
status of the U.S. population. In the 2015 DGAC, a Data Analysis Team (DAT) was established
to streamline the data acquisition process and efficiently support the data requests of the
Committee. During the Committee’s work, the data used by the DGAC were publically available
through www.DietaryGuidelines.gov. Upon publication, the data became available through the
report’s references and appendices.

Upon request from the DGAC, the DAT either conducted data analyses or compiled data from
their agencies’ publications for the DGAC to use to answer specific research questions. The
DGAC took the strengths and limitations of data analyses into account in drawing conclusions.
The grading rubric used for questions answered using NEL systematic reviews do not apply for
to questions answered using data analyses; therefore, these conclusions were not graded.

Most of the analyses used the National Health and Nutrition Examination (NHANES) data and
its dietary component, What We Eat in America (WWEIA), NHANES.” These data were used to
answer questions about food and nutrient intakes because they provide national and group level
estimates of dietary intakes of the U.S. population, on a given day as well as usual intake
distributions. These data contributed substantially to questions answered using data analyses (see
Appendix E-4: NHANES Data Used in DGAC Data Analyses for additional discussion of the
NHANES data used by the 2015 DGAC).

NHANES Data

The NHANES data used by the 2015 DGAC included:
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e Estimates of the distribution of usual intakes of energy and selected macronutrients and
micronutrients from food and beverages by various demographic groups, including the
elderly population, race/ethnicities, and pregnant women.

e Estimates of the distribution of usual intakes of selected nutrients from food, beverages,
and supplements.

e Estimates of the distribution of usual intake of USDA Food Pattern food groups by
demographic population groups.

e Eating behaviors such as meal skipping, contribution of meals and snacks to energy and
nutrient intakes.

e Nutrients and food group content per 1,000 calories of food and beverages obtained from
major point of purchase.

e Nutritional quality of food prepared at home and away from home.

e Energy, selected nutrients, and food groups obtained from food categories by
demographic population groups.

e Selected biochemical indicators of diet and nutrition in the U.S. population.

e Prevalence of health concerns and trends, including body weight status, lipid profiles,
high blood pressure, and diabetes.

Other Data Sources

The DGAC also used data from the National Health Interview Survey, the National Cancer
Institute’s Surveillance, Epidemiology, and End Results (SEER) statistics, and heart disease and
stroke statistics from the 2014 report of the American Heart Association.®° In addition, the
Committee used USDA National Nutrient Database for Standard Reference, Release 27, 2014 to
list food sources ranked by amounts of selected nutrients (calcium, fiber, iron, potassium, and
Vitamin D) and energy per standard food portions and per 100 grams of foods.°

SPECIAL ANALYSES USING THE USDA FOOD PATTERNS

As described above, the Committee used NEL systematic reviews, existing reports, and data
analyses to draw the majority of its conclusions on the relationship between diet and health.
Because the primary charge of the Committee is to provide food-based recommendations with
the potential to inform the next edition of the Dietary Guidelines for Americans, it was
imperative that the Committee also advise the government on how to articulate the evidence on
the relationships between diet and health through food patterns. This was a critical task for the

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 14



486
487
488
489

490
491
492
493
494
495
496
497
498
499
500

501
502
503
504
505
506
507

508
509
510
511
512
513
514
515
516
517
518
519

520
521

Part C. Methodology

Committee because the Dietary Guidelines are the basis for all Federal nutrition assistance and
educational initiatives. For this reason, like the 2005 and 2010 DGAC’s, this Committee
developed a number of questions to be answered through a food pattern modeling approach,
using the USDA Food Patterns.

Briefly, the USDA Food Patterns describe types and amounts of food to consume that will
provide a nutritionally adequate diet. They include recommended intakes for five major food
groups and for subgroups within several of the food groups. They also recommend an allowance
for intake of oils and limits on intake of calories from solid fats and added sugars. The calories
and nutrients that would be expected from consuming a specified amount from each component
of the patterns (e.g., whole grains, fruits, or oils) are determined by calculating nutrient profiles.
A nutrient profile is the average nutrient content for each component of the Patterns. The profile
is calculated from the nutrients in nutrient-dense forms of foods in each component, and is
weighted based on the relative consumption of each of these foods. Additional details on the
USDA Food Patterns can be found in the report for the food pattern modeling analysis, Adequacy
of the USDA Food Patterns (see Appendix E-3: USDA Food Patterns for Special Analyses).

The USDA Food Patterns were originally developed in the 1980s,'" *? and were substantially

revised and updated in 2005, concurrent with the development of the 2005 Dietary Guidelines.*®
The Patterns were updated and slightly revised in 2010, concurrent with the development of the
2010 Dietary Guidelines.** The 2005 and 2010 updates included use of nutrient goals from the
Institute of Medicine Dietary Reference Intakes reports that were released from 1997 to 2004.
% The developmental process and the food patterns resulting from the 2005 and 2010 updates
have been documented in detail.** ** %

A food pattern modeling process was developed for the 2005 DGAC and used by the 2005 and
2010 DGAC:s to determine the hypothetical effect on nutrients in and adequacy of the Food
Patterns when specific changes are made.'* ** The structure of the USDA Food Patterns allows
for modifications that test the overall influence on diet quality of various dietary
recommendation scenarios. Most analyses involved identifying the impact of specific changes in
amounts or types of foods that might be included in the pattern. Changes might involve
modifying the nutrient profiles for a food group, or changing amounts recommended for a food
group or subgroup, based on the assumptions for the food pattern modeling analysis. For
example, 2005 DGAC subcommittees requested analyses to obtain information on the potential
effect of consumers selecting only lacto-ovo vegetarian choices, eliminating legumes, or
choosing varying levels of fat as a percent of calories? on nutritional adequacy. The use of food
pattern modeling analyses for the 2005 and 2010 DGAC have been documented.?*°

The DGAC referred questions that could be addressed through food pattern modeling to the Food
and Nutrient Intakes and Health: Current Status and Trends Subcommittee. The DGAC
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identified that a number of questions could be answered by modeling analyses conducted for the
2005 or 2010 DGACs. The food pattern modeling analyses conducted for the 2015 DGAC are
listed in Appendix E-3: USDA Food Pattern Modeling Analyses. For each question answered
using food pattern modeling, a specific approach was drafted by USDA staff and provided to the
DGAC for comment. After the approach was adjusted and approved by the DGAC, USDA staff
completed the analytical work and drafted a full report for the DGAC’s consideration.

The modeling process also was used to develop new USDA Food Patterns based on different
types of evidence: the “Healthy Vegetarian Pattern,” which takes into account food choices of
self-identified vegetarians, and the “Healthy Mediterranean-style Pattern,” which takes into
account food group intakes from studies using a Mediterranean diet index to assess dietary
patterns. The latter were compiled and summarized to answer the questions addressed on dietary
patterns composition. The food group content of dietary patterns reviewed by the DGAC and
found to have health benefits formed the basis for answering these questions. WWEIA food
group intakes and USDA Food Pattern recommendations were compared with the food group
intake data from the healthy dietary patterns as part of the answer for these questions.
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Table C.1 Nutrition Evidence Library Bias Assessment Tool (BAT)

The NEL Bias Assessment Tool (NEL BAT) is used to assess the risk of bias of each individual
study included in a SR. The types of bias that are addressed in the NEL BAT include:

Selection Bias

Systematic differences between baseline characteristics of the
groups that are compared; error in choosing the individuals or
groups taking part in a study

Performance Bias

Systematic differences between groups in the
intervention/exposure received, or in experience with factors
other than the interventions/exposures of interest

Detection Bias

Systematic differences between groups in how outcomes are
determined; outcomes are more likely to be observed or reported
in certain subjects

Attrition Bias

Systematic differences between groups in withdrawals from a
study, particularly if those who drop out of the study are
systematically different from those who remain in the study

Adapted from: Cochrane Bias Methods Group: http://bmg.cochrane.org/assessing-risk-bias-included-

studies

The NEL BAT is tailored by study design, with different sets of questions applying to
randomized controlled trials (14 questions), non-randomized controlled trials (14 questions), and
observational studies (12 questions). Abstractors complete the NEL BAT after data extraction for
each article. There are four response options:

Yes: Information provided in the article is adequate to answer “yes”.

No: Information provided in the article clearly indicates an answer of “no”.

Cannot Determine: No information or insufficient information is provided in the article,
so an answer of “yes” or “no” is not possible.

N/A: The question is not applicable to the article.

The NEL Bias Assessment Tool (NEL BAT)

Risk of Bias Questions

Study Designs Type of Bias

Were the inclusion/exclusion criteria similar Controlled trials
across study groups?

Observational studies Selection Bias

Was the strategy for recruiting or allocating Controlled trials
participants similar across study groups? Observational studies

Selection Bias

Was the allocation sequence randomly

RCTs Selection Bias
generated?
Was the group allocation concealed (so that RCTs Selection Bias
assignments could not be predicted)? Performance Bias
Was distribution of health status, RCTs Selection Bias
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demographics, and other critical confounding
factors similar across study groups at
baseline? If not, does the analysis control for
baseline differences between groups?

Controlled trials
Observational studies

Did the investigators account for important
variations in the execution of the study from
the proposed protocol or research plan?

RCTs
Controlled trials
Observational studies

Performance Bias

Was adherence to the study protocols similar
across study groups?

RCTs
Controlled trials
Observational studies

Performance Bias

Did the investigators account for the impact of
unintended/unplanned concurrent
interventions or exposures that were
differentially experienced by study groups and
might bias results?

RCTs
Controlled trials
Observational studies

Performance Bias

Were participants blinded to their intervention | RCTs .
. Performance Bias
or exposure status? Controlled trials
Were investigators blinded to the intervention | RCTs .
. . Performance Bias
or exposure status of participants? Controlled trials
Were outcome assessors blinded to the RCTs

intervention or exposure status of
participants?

Controlled trials
Observational studies

Detection Bias

Were valid and reliable measures used
consistently across all study groups to assess
inclusion/exclusion criteria,
interventions/exposures, outcomes, participant
health benefits and harms, and confounding?

RCTs
Controlled trials
Observational studies

Detection Bias

Was the length of follow-up similar across
study groups?

RCTs
Controlled trials
Observational studies

Attrition Bias

In cases of high or differential loss to follow-
up, was the impact assessed (e.g., through
sensitivity analysis or other adjustment
method)?

RCTs
Controlled trials
Observational studies

Attrition Bias

Were other sources of bias taken into account
in the design and/or analysis of the study (e.g.,
through matching, stratification, interaction
terms, multivariate analysis, or other
statistical adjustment such as instrumental
variables)?

RCTs
Controlled trials
Observational studies

Attrition,
Detection,
Performance, and
Selection Bias

Were the statistical methods used to assess the

primary outcomes adequate?

RCTs
Controlled trials
Observational studies

Detection Bias
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649  The completed NEL BAT is used to rate the overall risk of bias for the article by tallying the
650  responses to each question. Each “Yes” response receives 0 points, each “Cannot Determine”
651  response receives 1 point, each “No” response receives 2 points, and each “N/A” response

652  receives 0 points. Since 14 questions are answered for randomized controlled trials and non-
653  randomized controlled trials, they will be assigned a risk of bias rating out of a maximum of 28
654  points; while observational studies will be out of 24 points. The lower the number of points
655  received, the lower the risk of bias.

656
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USDA Nutrition Evidence Library Conclusion Statement Evaluation
Criteria for judging the strength of the body of evidence supporting the Conclusion Statement

Grade I: Strong

Grade IV:

Elements Grade Il: Moderate Grade I11: Limited Grade Not Assignable*
Studies of weak design
Studies of strong Studies of strong for answering the Serious design flaws,
Risk of bias design with minor question

(as determined
using the NEL
Bias Assessment
Tool)

design free from
design flaws, bias
and execution
problems

methodological
concerns

OR only studies of
weaker study design
for question

OR inconclusive
findings due to design
flaws, bias or
execution problems

bias, or execution
problems across the body
of evidence

Quantity

o Number of
studies

o Number of
subjects in
studies

Several good
quality studies;
large number of
subjects studied;
studies have
sufficiently large
sample size for
adequate statistical
power

Several studies by
independent
investigators; doubts
about adequacy of
sample size to avoid
Type | and Type Il
error

Limited number of

studies; low number of
subjects studied and/or
inadequate sample size

within studies

Available studies do not
directly answer the
question OR no studies
available

Consistency
of findings across
studies

Findings generally
consistent in
direction and size of
effect or degree of
association and
statistical
significance with
very minor
exceptions

Some inconsistency in
results across studies in
direction and size of
effect, degree of
association or
statistical significance

Unexplained
inconsistency among
results from different
studies

Independent variables
and/or outcomes are too
disparate to synthesize
OR single small study
unconfirmed by other
studies

Impact

o Directness of
studied
outcomes

o Magnitude of
effect

Studied outcome
relates directly to
the question; size of
effect is clinically
meaningful

Some study outcomes
relate to the question
indirectly; some doubt
about the clinical
significance of the
effect

Most studied outcomes
relate to the question
indirectly; size of
effect is small or lacks
clinical significance

Studied outcomes relate
to the question indirectly;
size of effect cannot be
determined

Generalizability
to the U.S.
population of
interest

Studied population,
intervention and
outcomes are free
from serious doubts
about
generalizability

Minor doubts about
generalizability

Serious doubts about
generalizability due to
narrow or different
study population,
intervention or
outcomes studied

Highly unlikely that the
studied population,
intervention AND/OR
outcomes are
generalizable to the
population of interest
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660 Table C.3 AMSTAR (Assessment of Multiple Systematic Reviews) Tool

Can’t N/
YES | NO | answer | A

1 Was an ‘a priori’ design provided?

The research question and inclusion criteria should be established before the
conduct of the review.

2 Was there duplicate study selection and data extraction?

There should be at least two independent data extractors and a consensus
procedure for disagreements should be in place.

3 Was a comprehensive literature search performed?

At least two electronic sources should be searched. The report must include years
and databases used (e.g. Central, EMBASE, and MEDLINE). Key words and/or
MESH terms must be stated and where feasible the search strategy should be
provided. All searches should be supplemented by consulting current contents,
reviews, textbooks, specialized registers, or experts in the particular field of study,
and by reviewing the references in the studies found.

4 Was the status of publication (i.e. grey literature) used as an inclusion
criterion?

*The authors should state that they searched for reports regardless of their
publication type. The authors should state whether or not they excluded any reports
(from the systematic review), based on their publication status, language, etc.

5 Was a list of studies (included and excluded) provided?
A list of included and excluded studies should be provided.
6 Were the characteristics of the included studies provided?

In an aggregated form such as a table, data from the original studies should be
provided on the participants, interventions and outcomes. The ranges of
characteristics in all the studies analyzed e.g. age, race, sex, relevant
socioeconomic data, disease status, duration, severity, or other diseases should be
reported.

7 Was the scientific quality of the included studies assessed and documented?
‘A priori' methods of assessment should be provided (e.g., for effectiveness studies if
the author(s) chose to include only randomized, double-blind, placebo controlled
studies, or allocation concealment as inclusion criteria); for other types of studies
alternative items will be relevant.

8 Was the scientific quality of the included studies used appropriately in
formulating conclusions?

The results of the methodological rigor and scientific quality should be considered
in the analysis and the conclusions of the review, and explicitly stated in
formulating recommendations.

9 Were the methods used to combine the findings of studies appropriate?

*For the pooled results, a test should be done to ensure the studies were
combinable, to assess their homogeneity (i.e. Chisquared test for homogeneity, 12).
If heterogeneity exists a random effects model should be used and/or the clinical
appropriateness of combining should be taken into consideration (i.e. is it sensible
to combine?).

10 Was the likelihood of publication bias assessed?

An assessment of publication bias should include a combination of graphical aids
(e.g., funnel plot, other available tests) and/or statistical tests (e.g., Egger
regression test).

11 Was the conflict of interest stated?

Potential sources of support should be clearly acknowledged in both the systematic
review and the included studies.

661  * The guidance for answering this question was adapted for the 2015 Dietary Guidelines Advisory Committee.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 23



662
663

664
665
666

667

Part C. Methodology

Table C.4 Strength of Evidence terminology to support a conclusion statement when a
question is answered with existing reports

Strong

The conclusion statement is substantiated by a large, high quality, and/or
consistent body of evidence that directly addresses the question. There is a high
level of certainty that the conclusion is generalizable to the population of interest,
and it is unlikely to change if new evidence emerges.

Moderate

The conclusion statement is substantiated by sufficient evidence, but the level of
certainty is restricted by limitations in the evidence, such as the amount of
evidence available, inconsistencies in findings, or methodological or
generalizability concerns. If new evidence emerges, there could be modifications
to the conclusion statement.

Limited

The conclusion statement is substantiated by insufficient evidence, and the level
of certainty is seriously restricted by limitations in the evidence, such as the
amount of evidence available, inconsistencies in findings, or methodological or
generalizabilty concerns. If new evidence emerges, there could likely be
modifications to the conclusion statement.

Grade not
assignable

A conclusion statement cannot be drawn due to a lack of evidence, or the
availability of evidence that has serious methodological concerns.
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Part D. Chapter 1. Food and Nutrient Intakes, and Health:
Current Status and Trends

INTRODUCTION

Humans require a wide range of essential micronutrients and macronutrients for normal growth and
development and to support healthy aging throughout the life cycle. Essential nutrients, including most
vitamins, minerals, amino acids and fatty acids, water and fiber, must be obtained through foods and
beverages because they cannot for the most part be endogenously synthesized, or are not endogenously
synthesized in adequate amounts to need recommended intakes. Understanding the extent to which the
U.S. population and various age, sex, and racial/ethnic groups within the population achieve nutrient
intake requirements through available food and beverage intake, including foods and beverages™ that
are enriched or fortified, is an important task of the DGAC. Notably, the DGAC considers that the
primary source of nutrients should come from foods and beverages. Nutrient-dense forms of foods
(those providing substantial amounts of vitamins, minerals and other nutrients and relatively few
calories) are recommended to ensure optimal nutrient intake without exceeding calorie intake or
reaching excess or potentially toxic levels of certain nutrients.

In the process of evaluating adequacy of nutrient intake of the U.S. population, the DGAC identified
two levels of “Nutrients of Concern”. Shortfall nutrients are those that may be underconsumed relative
to the Estimated Average Requirement (EAR) or Adequate Intake (Al). Overconsumed nutrients are
those that are consumed in amounts above the Tolerable Upper Limit of Intake (UL)" or other
nationally recognized standard.? Nutrients of Public Health Concern were those shortfall or
overconsumed nutrients that also had evidence of under- or overconsumption through biochemical
nutritional status indicators® plus evidence that the nutrient inadequacy or nutrient excess is directly
related to a specific health condition. This information is critical in determining where dietary intake
improvements may be warranted that will benefit the health of the population. The 2015 DGAC
recognizes that the 2010 DGAC specifically addressed whether or not multivitamins provided health
benefits. The 2015 DGAC did not specifically address multivitamins, but recognizes that some dietary
supplements may be recommended for some populations or life-cycle phases (pregnancy, for
example).

In addition, many foods contain constituents that enable them to be produced, preserved, and thus
widely available year round. Some of these ingredients, such as sodium, are used to make foods shelf
stable and can help ensure food availability and food security for the population as a whole.* Other
ingredients, such as added sugars, are used as a food preservative and to enhance palatability. Despite
the functional nature of both sodium and added sugars in the food supply, excess consumption of these

* Note: The DGAC considered foods and beverages in its review of intake data. Throughout this chapter, references to
“foods” should be taken to mean “foods and beverages.”
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dietary constituents poses potential health risks and was of particular concern to the DGAC. This
chapter reviews data on intakes of sodium, added sugars and saturated fat; other chapters consider
sodium, added sugars, and saturated fat from additional perspectives (see Part D. Chapter 6: Cross-
Cutting Topics of Public Health Importance) including health outcomes. The food supply also
contains ingredients that are both naturally occurring and also added to foods and beverages, such as
caffeine, that have generated considerable attention in recent years. This chapter examines intake levels
across age and sex groups of the U.S. population; Part D. Chapter 5: Food Sustainability and Safety
considers several safety aspects of caffeine consumption.

The U.S. food supply is complex. Tens of thousands of foods and food products are available in a
variety of forms. Some foods are whole foods that are often eaten alone without additions, such as fruit
and milk, while others, such as sandwiches and mixed dishes, are mixtures of multiple components
from more than one food group.

The DGAC recognizes the importance of understanding the totality of food and beverage intake at the
level of food groups and basic ingredients (e.g., fruit, vegetables, whole grains, refined grains, dairy,
protein foods) as well as at the level of foods as they are typically consumed, called food categories
(e.g., pizza, pasta dishes, burgers, sandwiches) and how these contribute to nutrient adequacy or
nutrient excess. To better understand current food intakes of the U.S. population, the Committee
reviewed data on several issues, such as which of these food groups (e.qg., refined grains) and food
categories (e.g., sandwiches, beverages, snacks and sweets) contribute the most energy (calories),
sodium, and saturated fat.

Understanding the totality of food and beverage intake also involved acknowledging that individuals
purchase and procure food in a diverse array of locations, including large grocery stores, convenience
stores, schools, the workplace, quick-serve restaurants, and sit-down restaurants. The DGAC examined
the diet quality of the foods and meals at each major procurement point, as it is important to
understand not only where foods are purchased or obtained, but also the extent to which they
contribute to the overall nutritional adequacy and nutritional quality of the diet. This information may
be relevant to guidance for federal nutrition programs. The DGAC also considered the diet quality of
foods prepared and purchased at places such as supermarkets, but consumed at home. For example,
many supermarkets have salad bars and hot food bars, but these foods are then consumed at home.
However, on examination, it was determined that these types of data were not available. The DGAC
also examined eating behaviors, such as meal skipping, and identifying which nutrients and how much
energy are consumed at specific eating occasions and locations, because an understanding of these
behaviors can help inform public policy and population as well as individual guidance.

The DGAC considered the composition of dietary patterns that were found to be linked to health

outcomes in Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes.
Understanding the characteristics of diets characterized as “Healthy U.S.” or “Mediterranean-style”

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 2
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dietary patterns and others patterns found to have health benefits, will provide specific, healthful food
and beverage-based guidance for the U.S. population. These patterns are defined using dietary
quality/adherence indices, [e.g., Healthy Eating Index (HEI)], based upon data-driven approaches (e.g.,
cluster or factor analysis), or may be self-identified patterns (e.g., vegetarian).

To address the issues described above, the DGAC presents the current status and trends in nutrient,
food, food group, and food category intakes, and describes major sources of energy, sodium, added
sugar, and saturated fat, and dietary pattern intake among representative samples of the U.S. population
from the National Health and Nutrition Examination Survey (NHANES) What we Eat in America
(WWEIA) dietary survey.” We also describe eating behaviors, such as number of meals per day, diet
quality of foods, location of food purchase and consumption and diet quality of foods based on

location where the food was purchased or consumed.

Finally, we describe the prevalence of diet-related health outcomes in the U.S. population, including
obesity, diabetes, cardiovascular diseases, certain cancers, osteoporosis, congenital anomalies and
psychological health (including mental health), and neurological illness (such as Alzheimer’s Disease).
The examination of diet-related health outcomes was more extensive than in earlier DGAC reports.
The high rates of the chronic conditions and the presence of other less common, but important diet-
related health problems, provided compelling reasons to study them in greater detail. These data
provide a backdrop for other chapters, particularly those which examine the strength of associations
between diet and health outcomes (Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and
Health Outcomes) and methods for improving disease risk outcomes and improving health at
individual (Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes and
Part D. Chapter 3: Individual Diet and Physical Activity Behavior Change and population levels
(Part D. Chapter 4:Food Environment and Settings).

One of the overarching motivations for this broad examination of nutrient intake, food group and food
category intake, and food purchase location is to better understand the relationship of food intake (both
inadequacy and excess) and the food environment to nutrition-related health conditions. This
comprehensive evaluation of food and nutrient intakes by the U.S. population (and various subgroups)
along with the food and eating environment enables the consideration of factors on a broad scale that
may facilitate behavior change and adoption of healthy eating practices in the population at large.
Taken together, these dimensions of our analysis inform the remaining chapters in the report, which,
taken together, will provide the contextual and scientific foundation for the 2015 Dietary Guidelines
for Americans.

LIST OF QUESTIONS

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 3
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Nutrient Intake and Nutrients of Concern

1.

What are current consumption patterns of nutrients from foods and beverages by the U.S.
population?

Of the nutrients that are underconsumed or overconsumed, including over the Tolerable Upper
Limit of Intake (UL), which present a substantial public health concern?

a. What would be the effect on food choices and overall nutrient adequacy of limiting saturated
fatty acids to 6 percent of total calories by substituting mono- and polyunsaturated fatty acids?

Is there evidence of overconsumption of any micronutrients from consumption of fortified foods
and supplements?

What is the level of caffeine intake derived from foods and beverages on the basis of Institute of
Medicine (IOM) Dietary Reference Intakes age and sex categories in the U.S. population?

How well do updated USDA Food Patterns meet IOM Dietary Reference Intakes and 2010 Dietary
Guidelines recommendations? How do the recommended amounts of food groups compare to
current distributions of usual intakes for the U.S. population?

a. How well do the USDA Food Patterns meet the nutritional needs of children 2 to 5 years of age
and how do the recommended amounts compare to their current intakes? Given the relatively
small empty calorie limit for this age group, how much flexibility is possible in food choices?

Can vitamin D Estimated Average Requirements (EARS) and/or Recommended Dietary
Allowances (RDAs) be met with careful food choices following recommended amounts from each
food group in the USDA Food Patterns? How restricted would food choices be, and how much of
the vitamin D would need to come from fortified dairy and other food products?

Food Groups—Current Intakes and Trends

7.

8.

What are current consumption patterns of USDA Food Pattern food groups by the U.S. population?

a. What is the contribution of whole grain foods, fruits and vegetables, and other food groups to
(1) total fiber intake and (2) total nutrient intake in the USDA Food Patterns? What is the
contribution of fruit and vegetables to current nutrient intake (focus on nutrients of concern,
including fiber)?

b. What would be the impact on the adequacy of the patterns if (1) no dairy foods were consumed,
(2) if calcium was obtained from nondairy sources (including fortified foods), and (3) if the
proportions of milk and yogurt to cheese were modified? What is the relationship between
changes in types of beverages consumed (milk compared with sugar-sweetened beverages) and
diet quality?

What are the trends in USDA Food Pattern food group consumption by the U.S. population?

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 4
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Food Categories—Current Intakes and Sources of Energy, Nutrient, and Food Group
Intakes

9. What are the current consumption patterns by food categories (i.e., foods as consumed) by the U.S.
population?

10. What are the top foods contributing to energy intake by the U.S. population?

11. What are the top foods contributing to sodium, saturated fat, and added sugars intake by the U.S.
population?

a. What is the current contribution of fruit products with added sugars to intake of added sugars?
b. What is the current contribution of vegetable products with added sodium to intake of sodium?

c. What is the current contribution of refined grains to intake of added sugars, saturated fat, some
forms of polyunsaturated fat, and sodium?

d. What are the sources of caffeine from foods and beverages on the basis of age and sex
subgroups?

12. What is the contribution of beverage types to energy intake by the U.S. population?

Eating Behaviors—Current Status and Trends

13. What are the current status and trends in the number of daily eating occasions and frequency of
meal skipping? How do diet quality and energy content vary based on eating occasion?

14. What are the current status and trends in the location of meal and snack consumption and sources
of food and beverages consumed at home and away from home? How do diet quality and energy
content vary based on the food and beverage source?

Prevalence of Health Conditions and Trends

15. What is the current prevalence of overweight/obesity and distribution of body weight, body mass
index (BMI) and abdominal obesity in the U.S. population and in specific age, sex, race/ethnicity
and income groups? What are the trends in prevalence?

16. What is the relative prevalence of metabolic and cardiovascular risk factors (i.e., blood pressure,
blood lipids, and diabetes) by BMI/waist circumference in the U.S. population and specific
population groups?

17. What are the current rates of nutrition-related health outcomes (i.e., incidence of and mortality
from cancer [breast, lung, colorectal and prostate] and prevalence of cardiovascular disease (CVD),
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high blood pressure, diabetes, bone health, congenital anomalies, and neurological and
psychological illness) in the overall U.S. population?

Dietary Patterns Composition

18. What is the composition of dietary patterns with evidence of positive health outcomes (e.g.,
Mediterranean-style patterns, Dietary Approaches to Stop Hypertension (DASH)-style patterns,
patterns that closely align with the Healthy Eating Index, and vegetarian patterns) and of patterns
commonly consumed in the United States? What are the similarities (and differences) within and
among the dietary patterns with evidence of positive health outcomes and the commonly consumed
dietary patterns?

19. To what extent does the U.S. population consume a dietary pattern that is similar to those observed
to have positive health benefits (e.g., Mediterranean-style patterns, Dietary Approaches to Stop
Hypertension (DASH)-style patterns, patterns that closely align with the Healthy Eating Index, and
vegetarian patterns) overall and by age/sex and race/ethnic groups?

20. Using the Food Pattern Modeling process, can healthy eating patterns for vegetarians and for those
who want to follow a Mediterranean-style dietary pattern be developed? How do these patterns
differ from the USDA Food Patterns previously updated for use by the 2015 DGAC?

METHODOLOGY

To address questions on the current status and trends in food and nutrient intakes, the prevalence of
diet-related chronic diseases in the U.S. population, and the composition of healthful dietary patterns,
the DGAC relied on analysis of data from several sources and food pattern modeling analyses. Many
of the questions relied on analysis of data from What We Eat in America (WWEIA), the dietary
component of the National Health and Nutrition Examination Survey (NHANES), using either existing
data tables or new analyses conducted by the Data Analysis Team (DAT) upon request of the DGAC
(see Part C. Methodology, Data Analyses section, and Appendix E-4: NHANES Data Used in DGAC
Data Analyses). Existing data tables were used when available to answer questions about nutrient
intake, food group intake, and meal and snack consumption. In some cases, new analyses were
conducted by DAT agencies to provide additional information on food or nutrient intake, for example,
by specific population groups, such as pregnant women, or information on potential overconsumption
of nutrients when supplement intake is considered. New WWEIA/NHANES data analyses also were
used to answer questions about food category intakes, the energy content and nutrient density of foods
by point of purchase and location of consumption, and the food choices of self-identified vegetarians.

Data from the U.S. Centers for Disease Control and Prevention (CDC) NHANES data tables and from
the peer-reviewed literature, also were the source of information on prevalence of health conditions,
including body weight status, lipid profiles, high blood pressure, and diabetes. In addition, NHANES
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data on biochemical indicators of diet and nutrition in the U.S. population were used to help determine
nutrients that may be of public health concern. To supplement data from NHANES, additional data
sources were drawn upon to answer questions on the prevalence of health conditions, including the
National Health Interview Survey, the National Cancer Institute’s Surveillance Epidemiology and End
Results (SEER) cancer registry statistics, SEARCH for Diabetes in Youth Study (SEARCH), and heart
disease and stroke statistics from the 2014 report of the American Heart Association.”

Some of the questions posed by the DGAC were best addressed by Food Pattern Modeling (see Part C.
Methodology, Special Analyses Using the USDA Food Patterns section). These included questions
about the nutrient adequacy of the USDA Food Patterns, modifications of the patterns for specific
population groups or to meet specific nutrient targets, and the nutrients provided by various food
groups in the Patterns. In some cases, questions could be answered with modeling analyses that had
been conducted for the 2005 or 2010 DGACs, and so the results of these analyses were brought
forward. The modeling process also was used to develop new USDA Food Patterns based on different
types of evidence: Healthy Vegetarian Patterns that take into account food choices of self-identified
vegetarians, and Healthy Mediterranean-style Patterns that take into account food group intakes from
studies using a Med-diet index to assess dietary patterns. The latter were compiled and summarized to
answer the questions addressed on dietary patterns composition. The food group content of dietary
patterns reviewed by the DGAC and found to have health benefits formed the basis for answering these
questions. WWEIA food group intakes and USDA Food Pattern recommendations were compared
with the food group intake data from the healthy dietary patterns as part of the answer for these
questions.

The DGAC took the strengths and limitations of data analyses into account in formulating conclusion
statements. The grading rubric used for questions answered using NEL systematic reviews do not
apply to questions answered using data analyses. Therefore, these conclusions were not graded.

NUTRIENT INTAKE AND NUTRIENTS OF CONCERN

An overarching premise of the DGAC is that that the Dietary Guidelines for Americans should provide
food-based guidance for obtaining the nutrients needed for optimal reproductive health, growth and
development, healthy aging, and well-being across the lifespan (ages 2 years and older). Specific
nutrient intake requirements are established for each sex and life-stage group by the Food and
Nutrition Board of the Institute of Medicine’ and as such, this DGAC report did not reevaluate IOM
recommendations or make independent specific nutrient recommendations. Rather, the DGAC
reviewed nutrient intake and biochemical measures of nutritional status and potential nutrient-related
health outcomes to identify “shortfall nutrients” and “overconsumed nutrients”, and then determined
whether these nutrients should be designated as “nutrients of public health concern.”

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 7
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“Shortfall nutrients” are those that may be underconsumed either across the population or in specific
groups relative to IOM-based standards, such as the Estimated Average Requirement (EAR) or the
Adequate Intake (Al). The EAR is the best measure of population adequacy of nutrient intake as is it is
“the average daily intake level estimated to meet the requirement of half of the healthy individuals in a
particular life stage and gender group.”” P2 The EAR is used to estimate the prevalence of inadequate
intakes within a group. The Al is “a recommended average daily nutrient intake level based on
observed or experimentally determined approximations or estimates of nutrient intake by a group (or
groups) of apparently healthy people that are assumed to be adequate—used when an RDA cannot be
determined.”” ™ A high prevalence of inadequate intake either across the U.S. population or in specific
groups constitutes a shortfall nutrient.

Overconsumed nutrients are those that may be overconsumed either across the population or in specific
groups related to IOM-based standards such as the Tolerable Upper Limit of Intake (UL) or other
expert group standards. A high prevalence of excess intake either across the U.S. population or in
specific group constitutes an overconsumed nutrient.

“Nutrients of concern” are those nutrients that may pose a substantial public health concern and the
DGAC divided them into two categories—those of concern due to overconsumption and those of
concern due to underconsumption. To be identified as a nutrient of concern, the DGAC used the
totality of evidence, evaluating data on nutrient intake and corroborating it with biochemical markers
of nutritional status, where available, and evidence for associations with health outcomes to establish
nutrients of concern.

Designation as a nutrient of concern for either under- or overconsumption is intended to communicate
some level of risk for which the U.S. population may need to modify eating habits. Dietary guidance
can then be formulated to assist individuals in increasing or decreasing nutrients that are under- or
overconsumed.

Questionl: What are current consumption patterns of nutrients from foods and
beverages by the U.S. population?

Source of evidence: Data analysis

Conclusion

Nutrient intake data from a representative sample of the U.S. population ages 2 years and older
indicate that: vitamin A, vitamin D, vitamin E, folate, vitamin C, calcium, and magnesium are
underconsumed relative to the EAR. Iron is under-consumed by adolescent and premenopausal
females, including women who are pregnant. Potassium and fiber are underconsumed relative to the
Al. Sodium and saturated fat are overconsumed relative to the UL or other standards for maximal
intake.
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Implications

A dietary pattern emphasizing a variety of nutrient-dense foods will help shift individual and
population consumption toward recommended intake levels for nutrients of public health concern.

The U.S. population should increase consumption of foods rich in vitamin A, vitamin D, vitamin E,
folate, vitamin C, calcium, and magnesium. Adolescent and premenopausal females should increase
consumption of foods rich in iron. Heme iron from lean meats is highly bioavailable, hence, an
excellent source.® A diet emphasizing a variety of nutrient-dense foods will help shift consumption
toward the recommended intake levels of these shortfall nutrients. The U.S. population should increase
consumption of foods rich in potassium and fiber. A diet emphasizing a variety of nutrient-dense foods
will help ensure optimal intake of these shortfall nutrients. In particular, fruit, vegetables and whole
grains are excellent sources of vitamin A, C, folate, fiber, magnesium and potassium. The U.S.
population should make concerted and focused efforts to decrease consumption of sodium and
saturated fat.

The USDA Food Patterns provide guidance for consumption of a nutrient-dense, energy-balanced diet.
Implementation of eating a healthy diet that is energy balanced while providing sufficient intake of
shortfall nutrients without exceeding intake of overconsumed nutrients can be achieved through a
variety of successful behavioral approaches as described in Part D. Chapter 3: Individual Diet and
Physical Activity Behavior Change. Environmental and policy approaches are also important in
helping the U.S. population achieve a healthy diet (see also Part D. Chapter 4: Food Environment
and Settings). Federal nutrition assistance programs are a key aspect of providing critical nutrients for
growth, development and long-term health for children, those with limited income and older
Americans.

Review of the Evidence

To determine nutritional adequacy, the DGAC used 2007-2010 NHANES/WWEIA data to examine
the intake distributions for 11 vitamins (vitamin A, vitamin Bg, vitamin By, vitamin C, vitamin D,
vitamin E, vitamin K, folate, thiamin, niacin, and riboflavin), nine minerals (calcium, copper, iron,
magnesium, phosphorous, potassium, selenium, sodium, and zinc), energy, macronutrients (total fat,
saturated fat, polyunsaturated fat [including 18:2 and 18:3], protein, carbohydrate), and other
compounds or components (fiber, carotenoids [alpha-carotene, beta-carotene, lycopene, lutein +
zeaxanthin], caffeine, cholesterol, and choline) (see Appendix E-2.1: Usual intake distributions, 2007-
2010, by age/sex groups). The DGAC compared the intake estimates across the population age
distribution to the Dietary Reference Intakes. The committee used data from foods and beverages as
well as foods and beverages plus dietary supplements when supplement data were available. For
nutrients with an EAR, the DGAC considered shortfall nutrients to be those where a substantial
proportion of either the total population or specific age and sex subgroups had intake estimates below
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the EAR. Although multiple approaches can be used to estimate the prevalence of nutrient inadequacy
in a population, the DGAC used the EAR cut point method.” Figure D1.1 shows the percent of the U.S.
population with usual intakes below the EAR. From Figure D1.1, the DGAC determined that vitamin
D, vitamin E, magnesium, calcium, vitamin A and vitamin C were shortfall nutrients and that there
may be a high prevalence of inadequate dietary intake of these nutrients.

Of the nutrients with an Al (vitamin K, choline, dietary fiber, and potassium), the DGAC determined
that a low proportion of the population had fiber and potassium intakes above the Al and so potassium
and fiber were therefore considered to be underconsumed (Figure D1.2).

Sodium and saturated fat were examined as potentially overconsumed nutrients in relation to the UL
(for sodium), and the maximum level from the 2010 Dietary Guidelines of less than 10 percent of
calories from saturated fat (for saturated fat). From 63 percent to 91 percent of females and 81 percent
to 97 percent of males consumed more than the UL for sodium (Figure D1.3). From 67 percent to 92
percent of females and from 57 percent to 84 percent of males consumed more than 10 percent of
calories from saturated fat (Figure D1.4). Therefore, sodium and saturated fat were both determined to
be overconsumed by the U.S. population (see Appendix E-2.1: Usual intake distributions, 2007-2010,
by age/sex groups and Appendix E-2.2: Usual intake distributions as a percent of energy for fatty
acids and macronutrients, 2007-2010, by age/sex groups).

The DGAC examined population intakes of specific nutrients by age, sex, race/ethnicity, pregnancy
status, and acculturation status.

Age and Sex

In addition to the age groups shown in Figures D1.1 and D1.2, the DGAC was interested in
understanding the intake of shortfall nutrients in older adults (71 to 79 years and 80 years and older).
Calcium intake from foods and beverages did not meet the EAR for older persons, where 71 percent of
males and 81 percent of females ages 71 years and older had intakes below the EAR. For these
analyses calcium from dietary supplements was also considered. When total intake of foods + beverage
+ dietary supplements containing calcium was considered, then the proportion of the older adults
below the EAR improved to 55 percent for men and 49 percent for women over the age of 71 years.
For vitamin D intakes from food and beverages only, about 93 percent of older males and more than 97
percent of older females had intakes below the EAR. Similar to the findings for calcium, intakes
improved when considering total intake from foods and beverages plus dietary supplements. The
proportions of older adult below the EAR dropped to 52 percent for both males and females older than
71 years.

Fiber was a shortfall nutrient for older adults, where only 4 percent of men and 13 percent of women

had a dietary intake of fiber above the Al. Potassium also was a shortfall nutrient for both older males
and females, where less than 3 percent of both groups had intakes above the Al. Use of dietary
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supplements containing potassium did not change the proportion of the older adults with intakes above
the Al

Protein was not identified as a shortfall nutrient for the overall older adult population but it should be
noted that 6 percent of men older than 80 years and 11 percent of women older than 80 years old had
protein intakes that were below the protein EAR (g/kg/body weight).

The sample size for the older participants in WWEIA 2007-2010 is small compared to other age
groupings in the survey sample and despite the excellent population weights used in the WWEIA
dataset, the estimates should be viewed with caution because of the limited sample (see Appendix E-
2.3 Usual nutrient intakes for individuals age 71 years and older).

Race/Ethnicity

The DGAC examined the shortfall nutrients by race/ethnicity using the following groups: non-
Hispanic white, non-Hispanic Black, Mexican-American, and all Hispanic combined (other race/ethnic
subgroups not available). For certain shortfall nutrients, non-Hispanic whites have the highest intakes.
These include vitamin A, vitamin E, magnesium, folate, iron, potassium, vitamin D, and calcium.
Mexican-Americans have the highest intakes of fiber, while all Hispanics combined have the highest
intakes of vitamin C. Non-Hispanic Blacks have the lowest intake for most of the shortfall nutrients
(Table D1.1). We note that evaluation of intakes relative to the EAR or Al are the most appropriate for
assessment of populations, instead of the mean intakes, but for the race/ethnicity groups, only the mean
data are available.

Pregnancy

Many of the shortfall nutrients in the general population also were shortfall nutrients among women
who are pregnant. Among this group, 26 percent were below the EAR for vitamin A intake and 30
percent had vitamin C intakes below the EAR. For vitamin D, 90 percent had intakes below the EAR
and for vitamin E, 94 percent had intakes below the EAR. Calcium intake was also low, where 24
percent had intakes below the EAR, and for folate, 29 percent had intakes below the EAR. Notably, 96
percent of women who were pregnant had iron intakes below the EAR (Table D1.2 and Appendix E-
2.4: Usual intake distributions, 2007-2010, for pregnant and non-pregnant women in the U.S. ages
19-50 years).

Fiber was a shortfall nutrient for women who were pregnant, as only 8 percent had fiber intakes above
the Al. For potassium only 3 percent had intakes above the Al (Table D1.2).

It is important to note that the sample size for women who were pregnant in WWEIA 2007-2010 is

very small (n=133 respondents), so the estimates should be interpreted with caution and the
generalizability of the data to all women in the United States who were pregnant is limited.
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Acculturation

The U.S. population is highly diverse in terms of race, ethnicity, and cultural origin. Many people
immigrate to the United States from all over the world and each comes with distinct dietary habits and
cultural beliefs about food and food patterns.” Acculturation is defined as the process by which
immigrants adopt the attitudes, values, customs, beliefs, and behaviors of a new culture. Acculturation
is the gradual exchange between immigrants’ original attitudes and behavior and those of the host
culture. 1 The DGAC appreciates that many immigrants have difficulties purchasing and preparing
foods familiar to them either because the ingredients are not available or the ingredients may be too
expensive. A large and growing body of research suggests that the extent of an individual or family’s
acculturation status may be a predictor of dietary intake and that together, diet and acculturation status
may influence health status or disease risk.” % ** 3 For this reason, the DGAC felt it was important to
examine dietary intake by acculturation status, particularly for shortfall nutrients and nutrients of
concern. Additional information on acculturation and diet appears in Part D. Chapter 3: Individual Diet
and Physical Activity Behavior Change.

NHANES collects data on some of the variables that can be used to create an acculturation variable,
including whether respondents were born outside the United States in a Spanish-speaking country or
born outside the United States in a non-Spanish speaking country, their race/ethnicity, and number of
years they have resided in the United States.** Upon reviewing the data, however, the DGAC found
that the sample size was far too small to create meaningful variables to indicate “low acculturation
status” or “high acculturation status.” The DGAC views this lack of ability to analyze the WWEIA
data by acculturation status as a limitation of the available data. It is a very important area that needs
further research, particularly when informing nutrition programs for new residents of the United States.

Food Insecurity Status

Readers are referred to Part D. Chapter 3: Individual Diet and Physical Activity Behavior Change
and Part D. Chapter 5: Food Sustainability and Safety for more detailed discussions of food
insecurity and food security issues. For this section of the report, the DGAC determined that it was
important to evaluate nutrient intake, particularly for the shortfall nutrients by income status, which
can be a marker of food insecurity. For these data analyses, we used the standard cutpoints of less than
131 percent of the poverty index, 131 to 185 percent of the poverty index and more than 185 percent of
the poverty index and examined calcium, potassium, fiber and vitamin D (Table D1.3). In general,
respondents (all ages 2 years and older) from households with higher income (more than 185 percent
of the poverty index) had higher intakes of calcium, potassium, fiber, and vitamin D. Notably, in some
of the very young age groups (2 to 5 years), intakes of potassium, fiber, and vitamin D were
comparable across income groups, while calcium was highest in those coming from households at the
131 to 185 percent of the poverty index ratio. It may be that many of the households of lower income
with small children are receiving important benefits from federal nutrition assistance programs, which
could be helping to generate comparability in the intake of shortfall nutrients across the income groups.
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For additional details on this body of evidence, visit:
o Appendix E-2.1: Usual intake distributions, 2007-2010, by age/sex groups

e Appendix E-2.2: Usual intake distributions as a percent of energy for fatty acids and
macronutrients, 2007-2010, by age/sex groups

o Appendix E-2.3: Usual intakes for Individuals age 71 and older

o Appendix E-2.4: Usual intake distributions, 2007-2010, for pregnant and non-pregnant women in
the U.S. ages 19-50 years

e Mean intake of nutrients, 2003-2004, 2005-2006, 2007-2008, and 2009-2010, by race/ethnicity and
by percent of the poverty threshold. Available from:
http://seprl.ars.usda.gov/Services/docs.htm?docid=18349.

o Usual intake of selected nutrients, 2001-2002, 2003-2006, or 2005-2006, by age/sex groups.
Available from: http://seprl.ars.usda.gov/Services/docs.htm?docid=22659.

Question 2: Of the nutrients that are underconsumed or overconsumed, including
over the Tolerable Upper Limit of Intake (UL), which present a substantial public health
concern?

Source of evidence: Data analysis

Conclusion

Nutrient intake data, together with nutritional biomarker and health outcomes data indicate that vitamin
D, calcium, potassium, and fiber are underconsumed and may pose a public health concern. Iron also is
a nutrient of public health concern for adolescent and premenopausal females.

Nutrient intake data, together with nutritional biomarker and health outcomes data indicate that sodium
and saturated fat are overconsumed and may pose a public health concern.

Implications

The DGAC recommends that strategies be developed and implemented at both the individual and the
population level to improve intake of nutrients of public health concern.

Review of the Evidence

These conclusions were reached using a 3-pronged approach, including analysis of data from What We
Eat in America, NHANES dietary survey (2007-2010) (see Appendix E-2.1: Usual intake
distributions, 2007-2010, by age/sex groups), the Second National Report on Biochemical Indices of
Diet and Nutrition in the U.S. Population, Centers for Disease Control and Prevention, 2012, and data
on the prevalence of health conditions, from the CDC. The DGAC used the totality of evidence from
these sources.
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Nutrients of Concern for Underconsumption

Vitamin D. Vitamin D is unequivocally essential for skeletal health.*® The 2010 IOM report on
Dietary Reference Intakes for calcium and vitamin D*® established new DRIs for vitamin D based on
established and consistent evidence for vitamin D’s role in skeletal health. Numerous other functions
exist for vitamin D, including its role as a transcription factor for more than 200 genes, roles in
apoptosis and cellular proliferation, and a growing body of evidence supporting vitamin D’s role in
preventing cancer, cardiovascular disease, and other chronic diseases.®®

The IOM’s rationale for setting the DRI was limited to vitamin D’s role in skeletal health, as the
evidence for the other diseases was not sufficiently mature at the time of the committee’s evidence
review. Therefore, any interpretations for vitamin D intake and its classification as a shortfall nutrient
and a nutrient of public health concern are restricted to this role in skeletal health. Given the high
prevalence of osteoporosis and low bone density, particularly in the older women (see Question 17, on
health conditions, below) and due to vitamin D’s critical role in bone health, the Committee
determined that vitamin D should be classified as an underconsumed nutrient of public health concern.

Vitamin D can be obtained from the diet by consuming fluid milk and some milk products (e.g., some
yogurts), fortified juices, finfish, fortified breakfast cereals and some fortified grain products as well as
dietary supplements (Table D1.4 and Appendix E-3.3: Meeting Vitamin D Recommended Intakes in
USDA Food Patterns). Vitamin D also is synthesized endogenously through cutaneous exposure to
ultraviolet-B sunlight. The primary biomarker to assess vitamin D status is serum/plasma 25(OH)D
concentrations. This biomarker represents dietary intake plus endogenous synthesis.

Dietary intake of vitamin D in the United States is low and well below the EAR values (Figure D1.1)
for all age and sex groups. In addition, independent evidence of nutrient shortfall comes from data
demonstrating low serum/plasma 25-hydroxyvitamin D concentrations from the CDC biomarker data,
particularly for young adults (ages 20 to 39 years), middle-aged adults (ages 40 to 59 years), non-
Hispanic Blacks and Mexican-Americans (Table D1.5). The correlation of dietary intake with the
serum measures of 25-hydroxyvitamin D) is modest. In addition several factors predict serum
concentrations of nutrients in addition to dietary intake.'® The DGAC and other expert panels,
including the 10M, acknowledge that while numerous variables, including sun exposure and
endogenous synthesis, are strong predictors of serum vitamin D status, dietary intake of vitamin D is a
critical contributor to vitamin D status.?® %" Further, while there is some degree of unexplained
variation in serum/plasma 25-hydroxyvitamin D concentrations, the biomarker is still important for
evaluating vitamin D inadequacy. Various statistical approaches have been used to evaluate and
confirm population inadequacy using the biomarker data. 22 Of note, the CDC biomarker data reviewed
by the DGAC should be interpreted knowing that the NHANES Mobile Examination Clinics do not
sample residents of northern climates in winter months due to variable sunshine exposure and the
possibility that high levels of sunshine exposure may be overrepresented in NHANES. In other words,
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higher values in the dataset may be over-represented due to the summer blood draws, when 25-OHD
tends to be higher from sun exposure and deficiencies may be under represented. °471-473

The DGAC’s decision to classify vitamin D as a nutrient of concern is similar to the conclusion
reached by the U.S. Food and Drug Administration (FDA), which designated vitamin D as a nutrient of
“public health significance” in its recent review of evidence in publishing a Proposed Rule on the
Nutrition Facts label.® In addition, multiple national and international groups, including the American
Academy of Pediatrics (AAP),* the Endocrine Society® and the National Osteoporosis Foundation %
have recommended that strategies to achieve the RDA or higher levels of vitamin D intake could
include consumption of fortified foods, broadening the range of dairy products that are fortified, and
consideration, in some cases, of the use of a vitamin D supplement or a multivitamin including vitamin
D. Such a use is especially appropriate where sunshine exposure is more limited due to climate or
sunblock use.

Calcium. Calcium plays a major role in skeletal health and also is essential for proper functioning of
the circulatory system, nerve transmission, muscle contractility, cell signaling pathways, and vascular
integrity.®> Dietary calcium is obtained from fluid milk and milk products, fortified juices, and some
plant foods, including soy and soy products and vegetables (see Table D1.6 and Appendix E-3.2: Food
Group Contributions). However, the bioavailability of calcium from plant foods is lower than from
animal foods, such as dairy.

The DGAC reviewed the dietary intake data from WWEIA. Intakes of calcium were often far below
the EAR, especially among adolescent girls and adults (Figure D1.1). Even though a reliable
biomarker for calcium does not exist, because of its strong link to health outcomes and the risks
associated with osteoporosis (see Question 17 on health conditions, below), the DGAC designated
calcium as a nutrient of public health concern for underconsumption. In addition, the DGAC also notes
that calcium is an underconsumed nutrient of public health concern among pregnant women. This
conclusion concurs with the FDA’s review that designated calcium as a nutrient of “public health
significance” in its recent review of evidence in publishing a Proposed Rule on the Nutrition Facts
label.?®

Strategies to improve calcium intake include increased dairy or fortified products that are important
sources of calcium. Concern about the safety of calcium supplements and a relative lack of data about
the health benefits of such supplements limit recommendations to use supplementation as a strategy to
meet the RDA for calcium, compared to using fortified foods.

The subgroups of particular concern with regard to intake are preadolescent and adolescent females,
pregnant females, and middle aged and older females (see Question 1, above).
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Potassium. Potassium is the major intracellular cation and it plays critical roles in muscle function,
cardiac function, and regulation of blood pressure. Potassium adequacy is also critical for health, as
deficiency adversely affects numerous organ systems including the musculoskeletal, renal, and
cardiovascular systems. The primary biomarker to assess potassium intake is urinary potassium, and
these data are not available in the CDC biomarker dataset. The DGAC designated potassium as a
nutrient of public health concern due to its general under consumption relative to the Al across the
U.S. population and its association with hypertension and cardiovascular diseases, two common
adverse diet-related health outcomes in the United States (see Question 17on health conditions,
below). This conclusion concurs with the FDA’s review that designated potassium as a nutrient of
“public health significance” in its recent review of evidence in publishing a Proposed Rule on the
Nutrition Facts label.®® Even though underconsumption was evident across the population (see
Question 1, above), there is a particular concern for middle-aged and older adults, who are at increased
risk for cardiovascular diseases (see Question 17). Fruits, vegetables, and legumes are all important
sources of potassium (Table D1.7).

Fiber. Dietary fibers are non-digestible carbohydrates, primarily from plant foods, such as whole
grains, legumes, fruits and vegetables (Table D1.8). The most important and well-recognized role for
fiber is in colonic health and maintenance of proper laxation, but a growing body of evidence also
suggests that fiber may play a role in preventing coronary heart disease, colorectal and other cancers,
type 2 diabetes, and obesity.** The Al for fiber is based on an intake level associated with the greatest
reduction in the risk of coronary heart disease. There are no available biomarkers for fiber intake, so
the designation as a nutrient of public health concern is based on the very low dietary intakes across all
sectors of the U.S. population and its important contribution to health. Because the average intake
levels of dietary fiber are half the recommended levels, achieving the recommendation requires
selecting high-fiber cereals and whole grains and -meeting current recommendations for fruits and
vegetables.

Iron. Iron is an essential mineral whose primary function is to transport oxygen in the blood.
Inadequate iron status in the form of iron deficiency anemia leads to poor growth and development and
the potential for cognitive deficits in children. Excellent sources of heme iron include red meats,
enriched cereal grains, and fortified breakfast cereals (Table D1.9). Dietary intake estimates, together
with the CDC nutritional biomarker data indicate that iron is a nutrient of concern for children,
premenopausal females, and during pregnancy. Among women who are pregnant, 96 percent are below
the EAR for iron intake. Serum ferritin is the biochemical marker used by NHANES and the CDC to
evaluate iron status in the U.S. population. These data show that children and women of childbearing
age are at risk of iron deficiency anemia. Risk of iron deficiency anemia also is higher among
Mexican-American and non-Hispanic Black women than among non-Hispanic white women.? Taken
together, the DGAC concluded that iron was an underconsumed nutrient of public health concern for
adolescent and premenopausal women and women who are pregnant. This conclusion concurs with the
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FDA’s designated iron as a nutrient of “public health significance” in its recent review of evidence in
publishing a Proposed Rule on the Nutrition Facts label.®

Nutrients of concern for overconsumption

Sodium. Sodium is the major cation in extracellular fluid that maintains extracelluar fluid volume and
plasma volume. It also functions in membrane potential activation and active transport of molecules
across cell membranes. In excess, sodium is associated with several adverse health events, particularly
hypertension.** The DGAC treated sodium as a cross-cutting topic for dietary intake and health
outcomes, and a sodium working group was convened. Details on sodium, including dietary sources
and health outcomes-related data are found in Part D. Chapter 6: Cross-Cutting Topics of Public
Health Importance). Current sodium intakes of the U.S. population far exceed the UL for all age and
sex groups (Figure D1.3). Due to the critical link of sodium intake to health and that intake exceed
recommendations, sodium was designated as a nutrient of public health concern for overconsumption
across the entire U.S. population.

Saturated fat. The DGAC used the 2013 American Heart Association/American College of
Cardiology (AHA/ACC) report on lifestyle management to reduce CVD risk? for its evaluation of
saturated fat intake. The DGAC concurred with the AHA/ACC report that saturated fat intake exceeds
current recommendations in the United States and that lower levels of consumption would further
reduce the population level risk of CVD. The DGAC also convened a working group on saturated fat
(see Part D. Chapter 6: Cross-Cutting Topics of Public Health Importance for details). In addition,
the DGAC conducted food pattern modeling to demonstrate the dietary changes that would be
necessary to have diets with various levels of saturated fat as a percent of total energy (see USDA
Food Patterns Modeling Report in Appendix E-3.5: Reducing Saturated Fats in the USDA Food
Patterns). It is important to note that the median intake of saturated fat in the United States was 11.1
percent of total energy for all age groups in the 2007-2010 WWEIA data. However, a large majority
(71 percent) of the total population consumed more than 10 percent of calories from saturated fat, with
a range by age group from 57 percent to 92 percent (Figure D1.4). Further, 65 percent to 69 percent of
the age groups at highest risk of CVD (males and females older than age 50 years) had intakes more
than 10 percent of total calories were from saturated fat, the DGAC concluded that the U.S. population
should continue to monitor saturated fat intake. Saturated fat is still a nutrient of concern for
overconsumption, particularly for those older than the age of 50 years.

Cholesterol. Previously, the Dietary Guidelines for Americans recommended that cholesterol intake
be limited to no more than 300 mg/day. The 2015 DGAC will not bring forward this recommendation
because available evidence shows no appreciable relationship between consumption of dietary
cholesterol and serum cholesterol, consistent with the conclusions of the AHA/ACC report.> *
Cholesterol is not a nutrient of concern for overconsumption.

For additional details on this body of evidence, visit:
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e CDC report, Second National Report on Biochemical Indicators of Diet and Nutrition in the U.S.
Population 2012. Available from:
http://www.cdc.gov/nutritionreport/pdf/Nutrition_Book complete508 final.pdf.

o Food Labeling: Revision of the Nutrition and Supplement Facts Labels; Proposed Rule. Available
from: http://www.gpo.gov/fdsys/pka/FR-2014-03-03/pdf/2014-04387.pdf.

o Appendix E-3.2: Food Group Contributions to Nutrients in the USDA Food Patterns and Current
Nutrient Intakes

e Appendix E-3.3: Meeting Vitamin D Recommended Intakes in USDA Food Patterns
o Appendix E-3.5: Reducing Saturated Fats in the USDA Food Patterns

Question 3: Is there evidence of overconsumption of any micronutrients from
consumption of fortified foods and supplements?

Source of evidence: Data analysis

Conclusion

Dietary patterns among Americans, including typical use of fortified foods, rarely lead to
overconsumption of folate, calcium, iron, or vitamin D. However, each of these nutrients, as well as
other nutrients, are overconsumed in some supplement users, especially those taking high-dose
supplements.

Implications

The public may safely use dietary supplements containing RDA level of nutrients, so long as total
intake from diet plus supplements does not exceed the UL. Use of products with high doses of
nutrients, such that total intake exceeds the UL, should be discussed with a Registered Dietitian or
other qualified health care provider.

Supplement users should seek guidance about factors such as whether the amount of nutrients in
supplements exceeds the UL for those nutrients. Monitoring of dietary patterns in supplement users
should continue to be done, with attention paid to the highest risk groups, such as children and women
who are pregnant.

Review of the Evidence

These conclusions were based on analysis of usual intake data for selected nutrients from foods and

supplements from WWEIA, NHANES dietary survey (2007-2010) (see Appendix E-2.5: Usual intake
distributions for supplement users for folate, folic acid, vitamin D, calcium, and iron, 2007-2010, by
age/sex groups and Appendix E-2.6: Usual intake distributions for non-supplement users for folate,
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folic acid, vitamin D, calcium, and iron, 2007-2010, by age/sex groups). Nutrients were selected if
the DGAC had identified them as a shortfall nutrient and if supplemental intake data were available in
WWEIA (Figure D1.5). When possible the total nutrient exposure was considered (food +
supplements). The overconsumed nutrients (saturated fat and sodium) are not contained in most dietary
supplements so that overconsumed nutrients were not considered for this question.

Folate. The use of supplemental folic acid exceeds the established UL in a small proportion of
children, especially those younger than age 9 years. However, this UL is not based on clinical toxicity
data in this population and exceeding the UL is primarily associated with supplement use.*® The risk
associated with usual folate intakes among children in the United States is considered low, but caution
should be used in advising supplements for children younger than age 9 years.

Calcium. Dietary calcium intake greater than 2000 mg/day (UL) are seen in up to about 20 percent of
females, and 15 percent of adult males older than age 50 years. These high intakes are driven primarily
by a historical perspective that very high calcium supplement usage may decrease the risk of
osteoporosis. Concern exists about the safety of such high intakes and the possible association with
CVD risk and little, if any, current evidence supports intakes of calcium above the UL for the purpose
of decreasing osteoporosis.*® Of note, the World Health Organization recommends high dose calcium
supplementation (1.5-2 g/day) to prevent hypertensive disorders of pregnancy.®” This recommendation
is not widely followed among low-risk women in the United States. However, use of calcium
supplements does not appear to pose a health risk related to overconsumption of calcium.*’

Iron. In adults of all ages, a small proportion of iron supplement users have intakes above the UL.
Concerns related both to cardiovascular health and oxidant damage exist, but are not well-defined. Iron
supplementation is very common during early childhood and pregnancy, but is unlikely to pose a
health risk.®

Vitamin D. Overconsumption of vitamin D occurs when individuals take high dose supplements,
usually over a long period of time.*® The UL of 4000 1U/day is commonly exceeded by individuals
with or without the guidance of a physician.' In general, it is unlikely that most supplement users, who
limit themselves to 10,000 IU/day or less, will have any evidence of toxicity, but a greater risk may
exist among some groups, including small children. Those who take high dose supplements often have
their serum/plasma 25-hydroxyvitamin D concentrations monitored and this can be helpful although no
clearly toxic level of 25-hydroxyvitamin D in the blood is known. Overall, the population risk of
overconsumption of vitamin D leading to toxic effects, including hypercalcemia or other clinical
symptoms, is uncommon.*®

For additional details on this body of evidence, visit:

o Appendix E-2.5: Usual intake distributions for supplement users for folate, folic acid, vitamin D,
calcium, and iron, 2007-2010, by age/sex groups
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o Appendix E-2.6: Usual intake distributions for non-supplement users for folate, folic acid, vitamin
D, calcium, and iron, 2007-2010, by age/sex groups

Question 4: What is the level of caffeine intake derived from foods and beverages on
the basis of Institute of Medicine (IOM) Dietary Reference Intakes age and sex
categories in the U.S. population?

Source of evidence: Data analysis

Conclusion

In general, intakes of caffeine do not exceed what is currently considered safe levels in any age group.
Some young adults may have moderately high intakes. There is less certainty about the safe level of
intake in children and adolescents. However, routine consumption patterns do not suggest that
excessive intakes are common in these groups.

Implications

The public may safely consume caffeine-containing beverages, such as coffee and tea. However,
children, adolescents, and women who are pregnant or considering pregnancy should not consume
very high levels of caffeine from beverages or supplements (e.g., energy shots, fortified foods).

Monitoring of caffeine intake should be continued with special attention to high-risk groups, including
children and women who are pregnant. Families should monitor caffeine intake in children, and high-
dose caffeine supplementations should not be used.

For additional details on caffeine safety please see Part D. Chapter 5: Food Sustainability and Safety.

Review of the Evidence

These conclusions were reached based on analysis of usual intake data from the WWEIA, NHANES
dietary survey (2007-2010). Data on intakes of caffeine show that intakes in adults (Figure D1.6) peak
at ages 31 to 70 years, and that younger adults (ages 19 to 30 years), older adults (71 years and older),
have lower intakes. Relatively few individuals (less than 10 percent) have intakes above 400 mg/day
(see Appendix E-2.1: Usual intake distributions, 2007-2010, by age/sex groups), which is a level set
as a moderate intake by some groups, including Health Canada.

In children, caffeine intakes increase with age (Figure D1.7) with median intakes remaining below 100
mg/day in adolescents (14 to 18 years). Recommended intakes from Health Canada of no more than
2.5 mg/kg/day, or about 85 mg/day total in children ages 10 to 12 years *° are not exceeded by most
children and adolescents although recent data indicates that as many as 10 percent of children and
adolescents ages 12 to 19 years exceed this intake level.*° These data demonstrate that caregivers
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should monitor caffeine intake in children and exercise caution with respect to time-dependent changes
in caffeine intake.

For additional details on this body of evidence, visit:
e Appendix E-2.1: Usual intake distributions, 2007-2010 by age/sex groups

Question 5: How well do updated USDA Food Patterns* meet IOM Dietary Reference
Intakes and 2010 Dietary Guidelines recommendations? How do the recommended
amounts of food groups compare to current distributions of usual intakes for the U.S.
population?

Source of evidence: Food Pattern Modeling

Conclusion

USDA Food Patterns across a broad range of ages and energy intake meet most goals for nutrient
adequacy. The nutrients of public health concern for which the patterns do not meet recommendations
are potassium and vitamin D. Recommended amounts of food groups and their component subgroups
fall within the broad range of usual food group intake distributions for the U.S. population.

Implications

The USDA Food Patterns provide guidance for consuming a nutrient-dense, energy-balanced diet. To
achieve nutrient adequacy, the U.S. population should be advised to consume dietary patterns
consistent with the USDA Food Patterns.

Continued vigilance is needed to ensure that food intake patterns meet but do not exceed DRI targets in
all age groups. The Patterns meet recommended intake levels or limits for almost all nutrients,
including the following nutrients of concern: calcium, fiber, iron, sodium, and saturated fat. Two
nutrients of concern (potassium and vitamin D) are not provided in recommended levels by the
Patterns. Therefore, potassium and vitamin D intakes require assessment both of individual intake and
population intake patterns of foods or supplements to ensure that needs for physiological functioning
are met. Meeting the needs for these nutrients may require careful attention to excellent natural
sources, food enriched or fortified with the nutrients, or, in some cases, consideration of supplements.

* The USDA Food Patterns referred to in this question are the same as the “Healthy U.S.-style Food Pattern” described
later in this chapter (see Question 20). We use the term USDA Food Patterns in this question because the development of
the Healthy U.S.-style Food Pattern and two related USDA Food Patterns had not occurred when the Committee addressed
this question.
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Following the recommended food intake pattern increases intakes of whole grains, vegetables, fruits,
and fat-free/low fat dairy and thus increases the likelihood of meeting recommendations for these food
groups while decreasing intake of the food components refined grains, solid fats, and added sugars.
Following the recommended pattern also decreases intake of the nutrients sodium and saturated fat.

In some situations, specific foods or dietary supplements may be used to increase underconsumed
nutrient intakes not met through the USDA Food Patterns.

Review of the Evidence

These conclusions were reached based on the results of the Food Pattern Modeling Report on
Adequacy of the USDA Food Patterns. The USDA Food Patterns are intended to represent the types
and amounts of foods that will provide nutrients sufficient to meet IOM nutrient recommendations and
Dietary Guidelines for Americans recommendations. The Food Patterns are updated every 5 years
during the deliberations of the Dietary Guidelines Advisory Committee, and are presented to the
Committee for their assessment of the Food Patterns’ adequacy. As part of the update, amounts
recommended from each food group may be modified to reach all or most of the specified goals. In
addition, the amounts from each food group are compared to usual dietary intake patterns of the U.S.
population, and are kept within the normal range of consumption. The current analysis, using the 2010
USDA Food Patterns as a baseline, found that the recommended amounts of each food group met
almost all nutrient goals and were within the normal range of consumption. Therefore, no updates to
the food group amounts from 2010 were needed.

As shown in Figure D1.8, for many nutrients, amounts of a nutrient in the patterns are well above the
RDA or Al. Protein, phosphorus, zinc, copper, selenium, manganese, vitamin C, thiamin, riboflavin,
niacin, vitamin K, folate, vitamin Bg, and vitamin B12 are above the goal amounts for all age/sex
groups.

In contrast, some nutrients are just above the RDA or Al, or marginally below (90 to 100%) goal
amounts for several age/sex groups. These include calcium, iron, and magnesium. The percents of the
RDA shown in Figure D1.8 are for the lowest calorie level assigned to these age/sex groups—the level
applicable for a sedentary/less active physical activity level.

The nutrients for which adequacy goals are not met in almost all patterns are potassium, vitamin D,
vitamin E, and choline. Due to the new higher RDA for vitamin D that was recommended by the 2011
Committee to Review Dietary Reference Intakes for vitamin D and calcium,' amounts in the patterns
are a much smaller percentage of the RDA than previously, and no pattern meets the EAR for vitamin
D. To determine if vitamin D recommendations could be met while following the food group
recommendations of the USDA Food Patterns, thorough, careful selection of specific foods within
each food group, an additional modeling analysis was conducted and reported below (see Question 6).
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The USDA Food Intake patterns provide a healthy pattern of food choices and to accomplish this,
these patterns deviate from typical food intakes in a number of ways. To ensure that the patterns do not
deviate too far beyond the range of what the U.S. population could feasibly consume, the
recommended intake amounts in the patterns from each food group or subgroup plus oils were
compared to the median and either the 5th or 95th percentile of usual intakes of the population, from
WWEIA/NHANES 2007-2010.* Table A6 of the Adequacy of the USDA Food Patterns Modeling
Report (see Appendix E-3.1, Table A6) shows the comparison of food group recommended intakes to
median and 95™ percentile intakes.

For underconsumed food groups, such as fruits and vegetables, recommended amounts in the patterns
are generally between the median and 95th percentiles of usual intakes. (see Appendix E-3.1:
Adequacy of the USDA Food Patterns, Table A6) This indicates that the Food Patterns recommend
amounts within the broad intake range for the population. However, for some specific food groups and
some age/sex groups, such as vegetables for males ages 14 to 18 years, food group amounts in the
Patterns are somewhat above the 95th percentile of usual intake. One exception to this is whole grain
recommendations in the Patterns, which are well above the 95 percentile of usual intakes for all
age/sex groups. Conversely, refined grain recommendations in the patterns are very low compared to
usual intakes—about the 5™ percentile of intake for most age/sex groups. This indicates that a major
shift from refined to whole grains is needed in order to meet recommendations.

For Food Pattern components that are overconsumed, the limits in the patterns for maximum solid fat
and added sugars (see Questions 7 and 8 for more information on solid fats and added sugars) also are
very low compared to usual intake amounts—at approximately the 5" percentile of usual intakes for
most age/sex groups, and less than the 5™ percentile of usual intakes for boys and girls ages 2 to 13
years. (see Appendix E-3.1: Adequacy of the USDA Food Patterns, Table A6)

An additional modeling analysis was conducted to answer the questions: How well do the USDA Food
Patterns meet the nutritional needs of children ages 2 to 5 years and how do the recommended amounts
compare to their current intakes? Given the relatively small empty calorie limit for this age group,
how much flexibility is possible in food choices? (see Appendix E-3.4: USDA Food Patterns—
Adequacy for Young Children)

The nutritional needs and the diets of young children are different in some important ways from the
nutritional needs and diets of older children and adults. Therefore, this modeling analysis focused on
the adequacy of the Patterns for young children, given these differences. Nutrient profiles for the Dairy
and Fruit groups were adjusted to better reflect the food choices within these groups of young children.
The adjusted Dairy group nutrient profile for young children is based on 70 percent fluid milk, 25
percent cheese, 3.5 percent yogurt, and 1.5 percent soymilk. In contrast, the profile for the overall
population is based on 51 percent fluid milk, 45 percent cheese, 2.5 percent yogurt, and 1.5 percent
soymilk. In addition, 1 percent milk rather than fat-free milk was used as the representative food for
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fluid milk. The adjusted Fruit group nutrient profile for young children is based on 42 percent fruit
juice and 58 percent whole fruit. In contrast, overall population intake is about 33 percent juice and 67
percent whole fruit. With these adjustments, the adequacy of the Patterns did not change, but amounts
of potassium, vitamins D, A, C, and folate increased slightly, and sodium decreased slightly. The
amounts recommended in the USDA Food Patterns fall within the broad range of usual intakes by this
age group for most food groups and subgroups (see Appendix E-3.1: Adequacy of the USDA Food
Patterns, Table A6).

In addition, the young children’s nutrient profiles were higher in energy, mainly due to the use of 1
percent rather than fat-free milk. Therefore, the amount of calories that could be allowed from solid
fats and added sugars was adjusted down to keep the Patterns isocaloric. This resulted in limited
flexibility in food choices when following the Patterns, especially for children ages 4 and 5 years for
whom 2% cup equivalents (cup eqgs) from the Dairy group is recommended (the Patterns for children
ages 2 and 3 years recommend 2 cup egs). Options tested to increase flexibility in food choices
included a small reduction of 1/2 ounce eq in the amount of Protein Foods, or a change from 1 percent
milk to fat-free milk at 4 years of age. These changes did not result in lower nutrient adequacy levels.

For additional details on this body of evidence, visit:
e Appendix E-3.1: Adequacy of the USDA Food Patterns

e Appendix E-3.4: USDA Food Patterns—Adequacy for Young Children

Question 6: Can vitamin D Estimated Average Requirements and/or Recommended
Dietary Allowances be met with careful food choices following recommended amounts
from each food group in the USDA Food Patterns? How restricted would food choices
be, and how much of the vitamin D would need to come from fortified dairy and other
food products?

Source of evidence: Food Pattern Modeling

Conclusion

Through the use of a diet rich in seafood and fortified foods, EAR, but not RDA, levels of vitamin D
can be achieved. Additional fortification or supplementation strategies would be needed to reach RDA
levels of vitamin D intake consistently, especially in individuals with low intakes of fish/seafood or
fortified dairy foods, other fortified foods (e.g. breakfast cereals) and beverages.
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Implications

Diet is an important aspect of achieving vitamin D intake targets. The U.S. population should be
encouraged to choose foods and beverages fortified with vitamin D. When needed, supplementation
can be considered to achieve RDA intakes of vitamin D.

Review of the Evidence

These conclusions were reached based on the results of the Food Pattern Modeling Report titled
“Meeting Vitamin D Recommended Intakes in USDA Food Patterns” (see Appendix E-3.3). It may be
difficult for individuals to reach the RDA intake of vitamin D from food, including food as it is
currently fortified in the United States. The RDA was established by the Institute of Medicine on the
assumption of minimal or no sunshine exposure. This was done even though the majority (up to 80 to
90 percent in some parts of the United States) of vitamin D in the body is derived from conversion by
solar radiation of pre-vitamin D in the skin. However, during the winter, in much of the United States,
this conversion is minimal and furthermore, recommendations for sunscreen use have limited the
degree to which one can safely ensure sunshine exposure as a source of vitamin D.

Vitamin D exposure, and likely status, is assessed generally through serum/plasma 25-hydroxyvitamin
D concentrations. However, this test is not recommended for routine screening of the entire
population®3% *2% due to costs and challenges in obtaining measurements throughout the year and
interpreting results in populations, including those who are obese. Because many non-screened
individuals will still need to reach the RDA for vitamin D, supplement use may be considered for this
purpose.

For additional details on this body of evidence, visit:
o Appendix E-3.3 Meeting Vitamin D Recommended Intakes in USDA Food Patterns

FOOD GROUPS--CURRENT INTAKES AND TRENDS

Introduction

As noted for Questions 5 and 6, to help the U.S. population meet recommended dietary goals and
improve their health and well-being, the USDA recommends a food-based, total diet approach for
meeting the U.S. Dietary Guidelines.** %

The USDA Food Patterns have changed over time to be consistent with emerging science that is
presented in each issuance of the Guidelines. The current USDA Food Patterns identify amounts of

foods to consume from five major food groups (fruits, vegetables, grains, protein foods, and dairy) and
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their sub-groups (dark green vegetables, orange and red vegetables, starchy vegetables, other
vegetables, beans and peas, whole grains, enriched/refined grains, meat/poultry/eggs, nuts, seeds, soy
products, seafood) and are based on nutrient-dense foods.** * In 2010, the DGAC developed a
vegetarian adaptation of the Food Patterns to provide guidance for consumers wishing to follow a
vegetarian diet. For 2015, the DGAC developed a new Healthy Vegetarian Food Pattern based on food
intakes of vegetarians. The 2015 DGAC also provided a Mediterranean-style Food Pattern due to the
data supporting the health-related benefits of a Mediterranean-style diet (see Dietary Patterns section,
Question 20, and Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes).
The food groups chosen for all the Patterns include primarily nutrient-dense foods. The patterns are
intended to meet the RDA for nutrients so that nutritional adequacy is met without exceeding
recommended energy intake. They also are designed so that they are below the 2010 DGA limits for
sodium and saturated fat. Recommended amounts to consume from each food group differ depending
on an individual’s energy and nutrient needs. Patterns are provided for 12 different calorie levels
(Table D1.10) and assignment to one of these calorie levels is based on age, sex, and activity level
(Table D1.11). In addition, the Patterns provide for limited amounts of solid fats and added sugars. The
complete Food Pattern modeling report (including a listing of the nutrients considered for the Patterns)
is found in Appendix E3.1, and details on the methods used to derive the Patterns have been
published.** 4647

Question 7: What are current consumption patterns of USDA Food Pattern food groups
by the U.S. population?

Source of evidence: Data analysis

Conclusion

Positive, healthy eating habits provide an excellent foundation for a lifetime of healthy eating. Many
young children start out eating very well, particularly with regard to intakes of fruit and dairy foods.
Unfortunately, many of these early life healthy habits seem to disappear as children reach school age
and beyond. Across all age and sex groups, the vast majority of the U.S. population does not meet
recommended intakes for fruit, vegetables, whole grains, and dairy food groups. Each of these food
groups are excellent sources of shortfall nutrients and underconsumed nutrients of public health
concern. Across all age and sex groups, the vast majority of the U.S. population exceeds recommended
intakes of refined grains, solid fats, and added sugars.

Implications

To realize the numerous health benefits from dietary patterns that are higher in fruit, vegetables, whole
grains, lean protein, and non-fat and low-fat dairy (see Part D. Chapter 2: Dietary Patterns, Foods
and Nutrients, and Health Outcomes for details on the health benefits for dietary patterns with these
characteristics), action is needed across all sectors of food production, distribution, and consumption
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and at individual behavioral and population levels. Individuals, families, schools, worksites, healthcare
and public health settings, restaurants, and other food establishments must work together to ensure that
all segments of the population can:

e Increase intake of underconsumed food groups and nutrient-dense foods, while maintaining
energy balance, and without increasing saturated fat, sodium, and added sugars

Given the complexity of dietary behavior change, consumers will need access to evidence-based
educational resources and intervention programs and services in public health and healthcare settings
to facilitate adoption and maintenance of healthy dietary behaviors. (See Part D. Chapter 3:
Individual Diet and Physical Activity Behavior Change for discussion of what works at the level of
individual behavior change and Part D. Chapter 4: Food Environment and Settings for discussion of
population change through environmental strategies.)

Within the Dairy and Vegetable groups, the following dietary changes in particular will help increase
intake of shortfall nutrients and will decrease intake of overconsumed nutrients by the U.S. population:

e Increasing low-fat/fat-free fluid milk and yogurt and decreasing cheese would result in higher
intakes of magnesium, potassium, vitamin A, and vitamin D while simultaneously decreasing
the intake of sodium and saturated fat.

« Replacing soft drinks and other sugar-sweetened beverages (including sports drinks) with non-
fat fluid milk would substantially reduce added sugars and empty calories and increase the
intake of shortfall nutrients, including calcium, vitamin D, and magnesium.

e Consuming all vegetables, including starchy vegetables, with minimal additions of salt and
solid fat will help minimize intake of overconsumed nutrients — sodium and saturated fat.

Review of the Evidence

This question was answered using data from the WWEIA, NHANES dietary survey (2007-2010) and
the National Cancer Institute’s examination of the usual intake distributions and percent of the U.S.
population meeting USDA Food Pattern recommendations for their age and sex. ***%° |t is important
to note that the Dietary Guidelines for Americans are established only for those ages 2 years and older.
However, the WWEIA, NHANES sample includes persons from birth. The NHANES data are
presented in these specific age groups that cannot be further divided.

Fruit. When consumed in the amounts recommended in the USDA Food Patterns, fruit contributes
substantial amounts of two nutrients of public health concern: fiber and potassium. (Whole fruit and
fruit juice provide about 16 percent of dietary fiber and 17 percent of potassium in the Food Patterns
(see Appendix E-3.2: Food Group Contributions to Nutrients in USDA Food Patterns and Current
Nutrient Intakes).

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 27



1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059

Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

The majority of children ages 1 to 3 years and 4 to 8 years meet the recommended intakes for total
fruit, which is 1 cup and 1 to 1.5 cups per day, respectively. Among older children (boys and girls ages
9 to 13 years), adolescents, and adults of all ages (both men and women), few people consume the
recommended daily amounts, which range from 1.5 to 2 cups for older children and adolescents to 1.5
to 2.5 cups for adults (Figure D1.9). Among the overall U.S. population, approximately 15 percent
meet the daily fruit intake recommendation while nearly 80 percent do not meet the recommendation.

More than half of the daily fruit intake for all age and sex groups in the U.S. population (ages 1 year
and older) comes from whole fruit (Figure D1.10). Among both boys and girls ages 1 to 3 years, whole
fruit comprises slightly more than half of the daily fruit intake and the remainder is consumed though
100% fruit juice. The American Academy of Pediatrics (2001)>° recommends that young children limit
their juice intake to 4 to 6 ounces per day. Six ounces of juice is 0.75 cups; the average juice intakes
fall within this recommended limit suggesting that juice is not overconsumed among many young
children. Among children ages 4 to 8 and 9 to 13 years, fruit intake includes both 100% juice and
whole fruit, but whole fruit comprises the majority of intake. Among middle aged and older adults,
most of the fruit intake is from whole fruit, albeit below recommended levels, rather than 100% juice.

Vegetables. Vegetables are excellent sources of many shortfall nutrients and nutrients of public health
concern. When vegetables are consumed in the amounts recommended in the USDA Food Patterns,
vegetables contribute the following (expressed as averages over all the calorie levels): fiber (38
percent), potassium (36 percent), iron (19 percent), folate (23 percent), and vitamin A as provitamin A
carotenoids (34 percent). Note that select vegetables do contribute to calcium intake, including
spinach, collard greens, turnip greens, but these vegetables are often consumed in smaller amounts
than is needed to be considered important sources of calcium (Table D1.6 and Appendix E-3.2: Food
Group Contributions to Nutrients in the USDA Food Patterns and Current Nutrient Intakes).

The U.S. population consumes few vegetables (Figure D1.11). Only 10 percent and 15 percent of boys
and girls ages 1 to 3 years, respectively, consume the recommended 1 cup of vegetables per day. For
children ages 4 to 8 years, less than 5 percent consume the recommended amount of 1.5 to 2 cups of
vegetables per day. Vegetable consumption is lowest among boys ages 9 to 13 years (1 percent
consume the recommended 2 to 2.5 cups per day) and girls ages 14 to 18 years (less than 1 percent
consume the recommended 2 to 2.5 cups/day). Vegetable intakes increase slightly during the adult
years, but intakes are still very low. Among young adult males and females ages 19 to 30 years, less
than 10 percent meet the 2 to 3.5 cups/day recommendation. Intakes increase only slightly in
subsequent age decades (31 to 50 years). Middle aged adults (51 to 70 years) are somewhat closer to
the goal as they have the highest vegetable intakes. Even so, only about 20 percent of men and about
30 percent of women meet the daily recommendation of 2 to 3.5 cups per day. Although these intake
levels are still below optimal, the positive gains in vegetable consumption are noteworthy. However,
vegetable intakes fall again among older adults (71 years and older), with less than 20 percent of men
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and women meeting intake recommendations. Overall, nearly 90 percent of the U.S. population does
not meet daily vegetable intake recommendations.

The USDA Food Pattern food group for vegetables includes five subgroups: dark green vegetables, red
and orange vegetables, beans and peas, starchy vegetables, and other vegetables. The U.S. population
does not meet intake recommendations for any of these vegetable subgroups (Figures D1.12 to D1.16).
More than 80 percent of the U.S. population does not meet the intake recommendation for dark green
vegetables, starchy vegetables, and beans and peas, while more than 90 percent do not meet the
recommended intakes for red and orange vegetables. “Other vegetables” (Figure D1.16) is a broad
group that includes iceberg lettuce, green beans, cucumbers, celery, onions, summer squash,
mushrooms, and avocados. More than 50 percent of males and females ages 51 to 70 years meet or
exceed the recommended intake amounts of other vegetables and among all ages, nearly 40 percent
meet or exceed the recommended intake. Intake of “other vegetables” is more likely to meet
recommendations than the other four subgroups, but consumers should be encouraged to increase
intake of all vegetables. To meet total vegetable recommendations, higher intakes of all vegetable
subgroups are needed, particularly those subgroups where intake is minimal, such as dark green and
orange and red vegetables, which are excellent sources of vitamin C, folate, magnesium, and
potassium.

Potatoes (white potatoes) are the most commonly consumed single vegetable, and make up about 80
percent of all starchy vegetable consumption.®* They account for 25 percent of all vegetable
consumption and are a good source of both potassium and fiber. Among children and adolescents ages
2 to 19 years, they account for 28 percent to 35 percent of total vegetable consumption, with a higher
percentage of vegetables consumed as potatoes among boys than girls in each age category. Potatoes
are consumed in a variety of forms, with about 31 percent being boiled (including mashed and in
dishes such as potato salad, soups, and stews), 22 percent as chips, sticks, or puffs, 19 percent as
French fries, 17 percent as baked, and 12 percent as home fries or hash browns.

Grains (whole and refined). The 2010 Dietary Guidelines for Americans recommended that half of
all grain intake should come from whole grains. The 2015 DGAC brings forward this recommendation
and here we give rationale and results to support this decision. The background and summary of
previous food pattern modeling with respect to grains is important to present here so as to provide
context for the 2015 DGAC recommendations.

Whole grains are those “foods made from the entire grain seed, usually called the kernel, which
consists of the bran, germ and endosperm. If the kernel has been cracked, crushed or flaked, it must
retain nearly the same relative proportions of bran, germ and endosperm as the original grain in order
to be called whole grain.”***3* Examples of whole grains are brown rice, popcorn, bulgur, whole
wheat, oats, and barley. If whole grains were consumed in the amounts recommended in the Food
Patterns, whole grains would provide substantial percentages of several key nutrients, such as about 32
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percent of dietary fiber, 42 percent of iron, 35 percent of folate, 29 percent of magnesium, and 16
percent of vitamin A (see E-3.2: Food Group Contributions to Nutrients in USDA Food Patterns and
Current Nutrient Intakes).

Across all ages and both sexes, the U.S. population does not meet the goal for whole grain intake, as
nearly 100 percent of the population consumes amounts that are below the recommended intake levels
(Figure D1.17), which range from 1.5 ounce equivalents (0z eq) for young children up to 3 to 3.5 oz
eqgs for older children and adolescent and adult females. Adolescent and adult males are advised to
consume 3 to 4 0z eqs per day. The inadequate intake of whole grains leads to underconsumption of
several shortfall nutrients and nutrients of public health concern. Refined grains, such as white flour
and products made with white flour, white rice, and de-germed cornmeal, are part of the intake
recommendation because they are commonly enriched with iron and several B vitamins, including
thiamin, niacin, and riboflavin (e.g., enriched flour, 21 CFR 137.165).%%"*? Since 1998, enriched
grains also have been fortified with folic acid and are thus an important source of folic acid for women
of childbearing potential.>*>* The effect of the folic acid fortification on the health status of the U.S.
population was extensively reviewed by the 2010 DGAC and so was not re-reviewed by the 2015
DGAC. The 2010 DGAC concluded that strong and consistent evidence demonstrates a large reduction
in the incidence of neural tube defects (NTDs) in the United States and Canada following mandatory
folic acid fortification. They also found only limited evidence to suggest a decline in stroke mortality
in the United States and Canada and an increase in colorectal cancer in those countries following
mandatory folic acid fortification. Due to the very limited evidence, cause and effect cannot be
attributed for folic acid fortification and either stroke or colorectal cancer incidence. The 2015 DGAC
brings forward those results with no notable changes in the interpretation of the data presented in 2010.
Despite the B vitamins and iron that can be obtained from enriched and fortified refined grains,
products made with refined grains also may be a source of excess calories and added sugars. (See
Question 11c, food categories, below, and added sugars discussion in Part D. Chapter 6: Cross-
Cutting Topics of Public Health Importance.) Figure D1.18, documents that the U.S. population
consumes far too many refined grains. In the overall population for all ages and for both males and
females, about 19 percent meet the recommendation for refined grains, while more than 70 percent
exceed the recommendation. Intake of refined grains is particularly high among boys and girls ages 4
to 8 years and girls ages 9 to 13 years.

Due to the overconsumption of refined grains and the underconsumption of whole grains relative to the
2010 recommendation that “half of all grain intake should come from whole grains,” the DGAC
decided that it was important to examine the impact on nutrient intake if: (1) refined/enriched grains
intake were reduced to no more than 25 percent or 15 percent of the total grains intake; and (2) overall
grain intake were reduced. The Committee relied on food pattern modeling analyses conducted by the
2005 and 2010 DGAC:s to answer these questions, and brings forward their recommendations, as
reiterated below.
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The key finding from the 2010 DGAC modeling report was: “As shown by food pattern modeling,
consumption of all grains as whole grains, without including any fortified whole grain products, would
lower dietary folate and iron intake levels to less than adequate amounts for individuals in population
groups who may be at high risk for inadequate intakes of these nutrients. Individuals are encouraged to
consume most of their grains as fiber-rich whole grains, and when doing so, should select some of
these fiber-rich whole grains as products that have been fortified with folic acid and possibly other

nutrients”. 5P146

In its analysis, the 2005 DGAC reported that non-whole grains contributed important amounts of
certain nutrients to the dietary patterns, including folate, iron, calcium, fiber, thiamin, riboflavin and
niacin.®®e"d G2 The 2005 DGAC concluded that including only 3 0z egs of whole grains, with no
non-whole grains, in the food patterns would lower intake of many of these key nutrients and perhaps
place certain individuals at risk of nutrient inadequacy. However, the 2010 DGAC found that
consuming all grains as whole grains would provide for nutrient adequacy in the patterns if fortified
ready to eat (RTE) whole grain breakfast cereals were substituted for RTE refined grain breakfast.>>*"
E7 The 2015 DGAC concluded that consumption of only whole grains with no replacement or
substitution would result in nutrient shortfalls.

Dairy. Dairy foods in the USDA Food Patterns include fluid milk, cheese, yogurt, ice cream, milk-
based replacement meals and milk products, including fortified soymilk, but do not include almond or
other plant-based “milk-type” products. Dairy foods are excellent sources of nutrients of public health
concern, including vitamin D, calcium, and potassium. Consumption of dairy foods provides numerous
health benefits including lower risk of diabetes, metabolic syndrome, cardiovascular disease and
obesity.>"®2 When consumed in the amounts recommended by the Food Patterns, on average across
the calorie levels, dairy foods contribute about 67 percent of calcium, 64 percent of vitamin D, and 17
percent of magnesium (see Appendix E-3.2: Food Group Contributions to Nutrients in the USDA
Food Patterns and Current Nutrient Intakes). The Patterns recommend consumption of low-fat and
fat-free foods in the Dairy group to ensure intake of these key nutrients while minimizing intake of
saturated fat, which is a nutrient of concern for overconsumption.*

More than 60 percent of young boys and girls ages 1 to 3 years meet or exceed the recommended
intake of 2 cup eqs per day, with most of this intake coming in the form of fluid milk (see Figure
D1.19 and Appendix E-3.4: USDA Food Patterns—Adequacy for Young Children). Intake falls in
older children to about 30 percent of boys and girls meeting or exceeding the recommended 2.5 cup
eqs per day for those ages 4 to 8 years and 3 cup eqs per day for children ages 9 to 13 years. About 30
percent of adolescent boys meet or exceed the recommended 3 cup eqs per day, but less than 10
percent of adolescent females meet or exceed this recommendation. An age-related decline in dairy
intake appears to begin in adolescence and intakes persist at very low levels among adult females
across the age distribution. Less than 5 percent of adult females consume the recommended 3 cup
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equivalents per day. Overall, more than 80 percent of the entire U.S. population does not meet the
daily dairy intake recommendation.

To determine the extent to which individuals could meet recommendations for calcium and other
shortfall nutrients intake, given various levels of dairy foods in the Food Patterns, the 2015 DGAC
conducted a food pattern modeling analysis (see Appendix E-3: Dairy Group and Alternatives). The
DGAC considered nutrient adequacy of the Food Patterns under the following scenarios: 1) no dairy
was consumed; 2) calcium was obtained from non-dairy sources (including fortified foods); and 3) the
proportions of yogurt and cheese in the patterns were modified. The DGAC further evaluated the
relationship between changes in the types of beverages consumed (milk, fruit juices, fruit drinks and
sports beverages) and diet quality.

If no dairy is consumed, the modeling analysis shows that levels of calcium, magnesium, iron, vitamin
A and riboflavin, drop below 100 percent of goals, and intake levels of potassium, vitamin D and
choline also drop substantially. When no dairy is consumed, calcium intake levels drop by 68 to 88
percent in all age and sex groups, while vitamin D intake is lowered by 20 to 30 percent (see Appendix
E-3.6: Dairy Group and Alternatives, Table 2). Most of the milk alternatives are fortified with
calcium, so similar amounts of calcium can be obtained from fortified rice, soy and almond milks, and
fortified juices, but absorption of calcium is less efficient from plant beverages.®® Magnesium intake
also is comparable from plant-based milk alternatives. However, vitamin D and potassium amounts
vary across these milk alternatives (see Appendix E-3.6: Dairy Group and Alternatives, Table 3).
Calorie levels also are higher for most of the plant-based alternative milk products for a given calcium
intake level. In other words, to obtain a comparable amount of calcium as one cup eq for non-fat fluid
milk, the portion size required to meet the calcium intake need results in higher energy intake (see
Appendix E-3.6: Dairy Group and Alternatives, Table 4).

Currently, the U.S. population consumes the recommended 3 cup equivalents/day as 53 percent fluid
milk, 45 percent cheese, and 2 percent as yogurt. Through the food pattern modeling, the DGAC
examined the effect on nutrient intake if fluid milk were to be increased and cheese decreased.
Increasing the proportion of fat-free milk, while decreasing the proportion of cheese, would increase
the intake of magnesium, potassium, vitamin A, vitamin D and would decrease intake of sodium and
saturated fat (see Appendix E-3.6: Dairy Group and Alternatives, Table 5). A potential approach to
increasing intake of shortfall nutrients and nutrients of public health concern while simultaneously
decreasing intake of overconsumed nutrients of public health concern would be to increase intake of
fat-free or low-fat fluid milk in lieu of cheese.

If milk is completely eliminated from the diet and replaced by soft drinks, fruit drinks, sports

beverages, and other sugar-sweetened beverages, diet quality deteriorates significantly, making it very
hard for individuals to meet nutrient recommendations (see Appendix E-3.6: Dairy Group and
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Alternatives, Table 6). Indeed, among U.S. adolescents” milk consumption is very low as are intakes of
the “shortfall” nutrients.

Protein Foods. Protein Foods comprise a broad group of foods including meat, poultry, fish/seafood,
eggs, soy,” nuts, and seeds. Dairy also contains protein, but since it has its own food group, its nutrient
contributions are counted in its own group. The inclusion of both animal and non-animal protein foods
allows vegetarian options to be accommodated. In addition to providing essential amino acids, some
protein foods are important sources of iron, and iron is a shortfall nutrient and nutrient of public health
concern among adolescent and adult females. Meat foods in the protein group provide heme iron,
which is more bioavailable than non-heme plant-derived iron. Heme iron is especially important for
young children and women who are pregnant.

Nearly 80 percent of boys and 75 percent of girls ages 1 to 3 years meet or exceed the protein foods
recommendation of 2 ounce equivalents per day (Figure D1.20). Similarly, more than 60 percent of
boys and girls ages 4 to 8 years meet or exceed the recommended intake of 3 to 4 0z eqs/day. Intake
declines somewhat for boys and girls ages 9 to 13 years, as approximately 40 percent and 45 percent
meet or exceed the recommended 3 ounce equivalents/day. Although nearly 60 percent of adolescent
males ages 14 to 18 years meet the 5.5 to 6.5 0z eg/day recommendation, less than 25 percent of
females ages 14 to 18 meet their 5-5.5 0z eg/day recommendation. Intakes begin to increase again for
adult males across the age distribution, and about 62 percent of males ages 31 to 50 and 78 percent of
males 51 to 70 years meet the 5.5-6.5 0z eqg/day intake recommendation. For adult females ages 19 to
30 years, slightly more than 40 percent meet the 5 to 5.5 0z eg/day recommendation and approximately
50 percent of those ages 31 to 50 and about 50 percent of those 51 to 70 years meet the
recommendation. Protein foods intake declines in both men and women older than age 71 years; about
30 percent of women and about 50 percent of men meet the recommendation. Across all age groups
and in both males and females, nearly 60 percent of the U.S. population meets the protein foods intake
recommendation. Although some groups in the U.S. population do not consume recommended
amounts from the protein foods group, intakes of protein (as grams/day) are adequate across the
population and protein is not a shortfall nutrient. Notably, protein intake also comes from dairy and
grains in addition to the foods included in the protein foods group.

Most of the protein foods intake across all age groups and for both males and females comes from
meat, poultry, and eggs (Figure D1.21). Nearly 80 percent of the U.S. population meets the intake
recommendation for this protein foods subgroup (although less so for adolescent girls and older
women).

* Soy foods in the Protein Foods group include foods and ingredients such as tofu, soy noodles, soy flours, and soy protein
isolates. Fortified soymilk is part of the Dairy group. Edamame and whole soybeans are part of the vegetable legume
subgroup.
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In 2010, the DGAC recommended that seafood intake be increased to eight ounces per week for adults.
In reviewing the WWEIA/NHANES data, the DGAC 2015 found that the U.S. population has low
seafood intake. Across all age groups and for both males and females, only 10 percent of the
population meets the 2010 intake recommendations (Figure D1.22). Intake is highest in adult men and
women, but remains very low. In the highest intake group, males ages 51 to 70 years, 21 percent of the
population meets the intake recommendation.

In addition to reviewing WWEIA/NHANES data, the 2015 DGAC considered the potential influence
on diet quality of substituting seafood for terrestrial animal foods (e.g., beef, poultry, pork, game
meats). This question was addressed by the 2010 DGAC through a modeling analysis, and the 2015
DGAC decided to bring forward those modeling results. These results indicate seafood could be
increased to 8 ounces/week (for adults) with no negative impact on nutrient adequacy.>**? #1° This 8
0z amount contributes energy, protein, selenium, vitamin D, and vitamin B-12. With respect to fatty
acids, fish is rich in the long-chain eicosapentanoic acid (EPA) and docosahexonoic acid (DHA) and
has a higher proportion of total fatty acids coming from polyunsaturated and monounsaturated fatty
acids relative to saturated fatty acids. The 2015 DGAC also has examined the sustainability of fish
production and consumption, and these results are discussed in Part D. Chapter 5: Food Sustainability
and Safety.

Nuts, seeds, and soy. Nuts, seeds, and soy provide protein, selenium, polyunsaturated fatty acids,
fiber, magnesium, and zinc. Nuts, seeds, and soy are less commonly consumed protein foods (Figure
D1.23). Even so, overall approximately 40 percent of the U.S. population meets or exceeds the food
pattern recommended intake of these protein foods.

Empty calories. Solid fats that occur naturally in foods such as meat, dairy, and some tropical foods
(e.g., coconut), and sugars that are added to foods either by the consumer or by food manufacturers are
referred to as “empty calories” because both provide calories, but few or no nutrients. For the purposes
of the USDA Food Pattern Food Groups, the term solid fats and added sugars is an analytic grouping,
but going forward for 2015, the DGAC has elected to use the term “empty calories.”

Calories from solid fats and added sugars are included for the USDA Food Patterns because they are a
component of the diet that should be limited because they are not nutrient-dense and the solid fats
contribute to saturated fat intake, which is overconsumed in the U.S. population (see Nutrient
Intake/Nutrients of Concern section, Questions 1 and 2). Solid fats and added sugars are not food
groups on their own, as are protein foods, dairy, grains, fruits, and vegetables, but they are included in
the Food Patterns because they are an integral component of many foods consumed by the U.S.
population either because they occur naturally (in the case of some solid fats) or they are added to
foods, such as added sugars or fat added during processing, cooking, or other aspects of food
preparation. Additional details about added sugars and saturated fat are provided in Part D. Chapter 6:
Cross-Cutting Topics of Public Health Importance.
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Because added sugars and solid fats are not nutrient dense and solid fats contribute to saturated fat
intake, the USDA Food Patterns recommend that intake be limited. The guidance on the approximate
amounts of solid fats and added sugars that can be part of a healthful diet is as follows: children ages 2
to 8 years: 120 calories/day; children 9 to 13 years: 120 to 250 calories/day; girls ages 14 to 18 years:
120 to 250 calories/day; boys ages 14 to 18: 160 to 330 calories/day; adult women: 120 to 250
calories/day; and adult men: 160 to 330 calories/day. Intake limits varies by age and sex and are based
on residual calories after all food group intakes are met. The intake limits include solid fats and added
sugars from all sources in the diet: from sugar in sugar-sweetened beverages, including coffee and tea,
and breakfast cereals, to solid fats in burgers, sandwiches, and pizza, to the combination of solid fats
and added sugars in snacks and desserts such as cookies, cakes, ice cream, and donuts. Question 11 of
the Food Categories section of this Chapter provides information on food sources of solid fats and
added sugars.

The intake of solid fats and added sugars is very high across all age groups and for both males and
females in the United States, with nearly 90 percent exceeding the recommended daily limits (Figure
D.1.24). Particularly noteworthy is that nearly 100 percent of boys and girls ages 1 to 3 and 4 to 8
years exceed the recommended limit for solid fats and added sugars (see Part B. Chapter 6: Cross
Cutting Topics of Public Health Importance).

For additional details on this body of evidence, visit:

e Usual Dietary Intakes: Food Intakes, U.S. Population, 2007-10: Applied Research Program.
National Cancer Institute; [updated May 22, 2014]. Available from:
http://appliedresearch.cancer.gov/diet/usualintakes/pop/2007-10/.

e Appendix E-3.2 USDA Food Pattern Modeling Report: Food Group Contributions

e Appendix E3.6 USDA Food Pattern Modeling Report: Dairy Group and Alternatives

e Food Patterns Equivalent Intakes from Food: Consumed per Individual, 2009-10. U.S. Department
of Agriculture, Agricultural Research Service, Food Surveys Research Group. Available from:
http://seprl.ars.usda.gov/Services/docs.htm?docid=23868.

e Seafood Food Pattern Modeling Report for the 2010 Dietary Guidelines Advisory Committee.
USDA and HHS, 2010, Appendix E 3.10 USDA and HHS, 2010, Appendix E 3.10. Available
from: http://www.cnpp.usda.gov/sites/default/files/dietary guidelines for_americans/AppendixE-
3-10-Seafood.pdf.

e Replacing all Non-Whole Grains with Whole Grains Food Pattern Modeling Report for the 2010
Dietary Guidelines Advisory Committee. USDA and HHS, 2010, Appendix E3.7. Available from:
http://www.cnpp.usda.gov/sites/default/files/dietary guidelines for_americans/AppendixE-3-7-

Grains.pdf.
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e Alternatives for Enriched Grains in Food Intake Patterns Analysis for the 2005 Dietary Guidelines
Advisory Committee. U.S. HHS and USDA, 2005, appendix G-2. Available from:
http://www.health.gov/dietaryguidelines/dga2005/report/HTML/G2 _Analyses.htm#alternativegrai
n.

Question 8: What are the trends in USDA Food Pattern food group consumption by
the U.S. population?

Source of Evidence: Data analysis

Conclusion

The U.S. population has made few dietary changes over time:
« Fruit intake has remained low but stable.

e Vegetable intake has declined, particularly among children of all ages, adolescents, and young
adult males.

e Whole grain intake has slightly increased between 2001-2004 and 2007-2010, particularly
among middle aged and older adults.

« Dairy intake has been relatively constant over time, but has decreased for girls ages 4 to 8 years
and young adult males, and has increased for adults ages 51 to 70 years.

e Added sugars intake has decreased for both males and females across all age groups between
2001-2004 and 2007-2010, but intakes still exceed the limit in the USDA food patterns.

Implications

Individuals and families must make conscious and focused decisions about choosing nutrient-dense
foods. In addition, to continue progress toward consumption of a healthy diet among all age and sex
groups, action is needed along the entire food processing, delivery, and service supply chain in order to
provide the U.S. population with affordable and accessible foods that are nutrient dense and low in
added sugars and sodium.

Poor nutritional intake is linked to numerous diet-related chronic diseases (see Part D. Chapter 2:
Dietary Patterns, Foods and Nutrients, and Health Outcomes) and the prevalence of these conditions
is too high in the United States (see Health Conditions section, Questions 15 to 17, below). The health
of the nation hinges in part on improving dietary intake at individual and population levels, and
changes in line with those suggested here could have a measurable positive impact on the health of the
population.
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Given the complexity of dietary behavior change, consumers will need access to evidence-based
educational resources and intervention programs and services in public health and healthcare settings
to facilitate adoption and maintenance of healthy dietary behaviors. (See Part D. Chapter 3:
Individual Diet and Physical Activity Behavior Change for discussion of what works at the level of
individual behavior change.) In addition, these efforts should be complemented with research-driven
environmental strategies that make access to affordable healthy foods possible in retail, community,
worksite, and educational settings. (See Part D. Chapter 4: Food Environment and Settings for
discussion of effective environmental approaches to promote dietary change across the lifespan.)

Review of the Evidence

This question was answered using data from WWEIA, NHANES dietary survey data and the National
Cancer Institute’s examination of usual intake distributions for 2001-2004** and 2007-2010.*

Fruit. Fruit intake remained relatively stable across the 2001-2004 and 2007-2010 time periods
(Figure D1.25). The only group with significant changes over time was males ages 31 to 50 years, for
whom mean fruit intake decreased.

Vegetables. Vegetable intake declined from 2001-2004 to 2007-2010 (Figure D1.26). Across the
overall population, the mean daily vegetable intake significantly declined. Significant declines in mean
intake occurred among males ages 1 to 3, 4 to 8, 9 to 13, 14 to 18, and 19 to 30 years. For females,
significant decreases in mean vegetable intake occurred for those ages 1 to 3, 4 to 8, and 9 to 13 years.

Grains (whole and refined). Whole grain intake significantly increased among the overall population
between 2001-2004 and 2007-2010 (Figure D1.27). Among males, significant increases in mean intake
occurred for those ages 1 to 3, 4 to 8, 14 to 18, 31 to 50, and 51 to 70 years. Among females,
significant increases in mean whole grain intake occurred for those ages 9 to 13, 19 to 30, 31 to 50, 51
to 70, and 71 years and older (Figure D1.27). Similarly, refined grain intake has declined in all age and
sex groups between 2001-2004 and 2007-2010 (Figure D1.28).

Dairy. Dairy intake remained stable over the entire population between 2001-2004 and 2007-2010
(Figure D1.29). Significant declines in mean daily intake occurred between the two time periods for
males ages 19 to 30 years and females ages 4 to 8 years. Significant increases in mean daily dairy
intake occurred for both males and females ages 51 to 70 years.

Protein Foods. Protein food intake remained relatively stable for the U.S. population between 2001-
2004 and 2007-2010 (Figure D1.30). Females ages 31 to 50 and 51 to 70 years had significantly higher
mean intake in 2007-2010 compared to 2001-2004. These were the only groups with any significant
change over time.
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Added Sugars. Some improvements have been made in added sugars intake, with noticeable declines
in mean intakes for all age groups and among both males and females when comparing 2007-2010 data
with 2001-2004 data (Figure D1.31). As seen in Figure D1.31, intakes of added sugars are still very
high, however, and are well above recommended limits, but the improvements provide some optimism
for improved diets.

For additional details on this body of evidence, visit:

o Usual Dietary Intakes: Food Intakes, US Population, 2007-10: Applied Research Program.
National Cancer Institute; [updated May 22, 2014]. Available from:
http://appliedresearch.cancer.gov/diet/usualintakes/pop/2007-10/.

o Usual Dietary Intakes: Food Intakes, US Population, 2001-04: Applied Research Program.
National Cancer Institute; [updated April 2, 2014]. Available from:
http://appliedresearch.cancer.gov/diet/usualintakes/pop/2001-04/.

FOOD CATEGORIES—CURRENT INTAKES AND SOURCES OF ENERGY,
NUTRIENT, AND FOOD GROUP INTAKES

The food sources of nutrients and the patterns in which they are consumed are informative in
identifying strategies to modify dietary intake and eating behaviors and help Americans to choose and
consume higher quality diets. We examined four questions related to the foods that are top contributors
to intakes of energy, food groups, and selected nutrients in the U.S. diet. This section describes those
food sources and the implications for meeting recommended or optimal intakes of various food groups
and nutrients.

Question 9: What are current consumption patterns by food categories (i.e., foods as
consumed) in the U.S. population?

Source of evidence: Data analysis

Conclusion

The mixed dishes food category, which includes foods commonly used as entrees, such as sandwiches,
burgers, pizza, pasta or rice mixed dishes, stir-fries, soups, and meat or poultry mixed dishes, is the
major contributor to three USDA Food Pattern food groups—qrains, vegetables, and protein foods.
Fruit and fluid milk intake are seldom consumed as part of mixed dishes. The mixed dishes food
category contributes heavily to intake of energy, saturated fat, and sodium; however, mixed dishes do
provide vegetables, fiber, grains, and dairy.
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Implications

An important strategy for meeting recommended intake levels of calories, saturated fat, and sodium is
to change the composition of mixed dishes that are high in calories, saturated fat, and sodium to better
meet these nutrition goals. Food manufacturers and the food service sector (e.g., restaurants, schools)
should reformulate mixed dishes to improve their nutritional profiles. Americans should be encouraged
to modify recipes to lower the sodium and saturated fat content when cooking, to use appropriate
portion sizes, and choose reformulated mixed dish options when available.

Review of the Evidence

These conclusions were reached by examining data from the WWEIA Food Categories for the
NHANES 2009-2010 dietary survey.® The WWEIA Food Categories provide an application that
allows analysts to examine foods and beverages as consumed in the U.S. diet. Each food or beverage
item (as consumed) that is included in WWEIA is placed in one of 150 mutually exclusive food
categories. The focus of this categorization system is on grouping similar foods and beverages together
based on usage and nutrient content.

An adaptation of the food categories was used by the 2015 DGAC for this analysis related to the
“sandwiches and burgers” and “salads” categories. We placed all food items reported to be eaten as a
sandwich, burger, taco, or salad item into the “sandwiches and burgers” or the “salads” categories
regardless of whether the components were reported as separated ingredients or as a single combined
item. For example, a food reported as a “cheeseburger” (a single item) would always be classified in
the category of “burgers, sandwiches, and tacos,” but a food reported as the individual food items of a
hamburger bun, a hamburger patty, and cheese, eaten as a combination, would have been classified in
the categories of “rolls and buns,” “ground meat,” and “cheese.” The adaptation recoded these
individually reported foods that were eaten in combination to “burgers, sandwiches, and tacos.” By
doing this, the categories used for this analysis more fully represented foods as consumed rather than
as ingredients.

The 150 categories from WWEIA were condensed into 9 major and 32 sub-categories for analysis of
the percent of total intake for energy, nutrients, and food groups from each major and sub-category
(see Appendix E-2.7: Major categories and subcategories used in DGAC analyses of WWEIA Food
Categories). Analysis was conducted for the population ages 2 and older as a whole; analysis of the
percent of energy intake also was conducted for males and females ages 2to 5, 6 to 11, 12 to 19, 20 to
40, 41 to 50, 51 to 70, and 71 years and older; for race/ethnic groups including Non-Hispanic Whites,
Non-Hispanic Blacks, and Hispanics ages 2 years and older; and for those with incomes less than or
equal to 185 percent, or greater than 185 percent of the Poverty Index Ratio by three age groups: 2 to
11, 12 to 19, and 20 years and older.
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WWEIA data show that Americans consume a substantial amount of foods in the form of mixed dishes
(Figure D1.32). More specifically, 31 percent of vegetables, 45 percent of grains, 30 percent of dairy,
and 45 percent of protein foods come from mixed dishes. Mixed dishes (which include foods such as
sandwiches, burgers, pizza, pasta or rice mixed dishes, stir-fries, soups, and meat or poultry mixed
dishes) make up 28 percent of total energy intake. Of note, only small amounts of fruits (1 percent) and
fluid milk (3 percent) are consumed in mixed dishes—most are consumed as single food items, such as
an apple or glass of milk (see Appendix E-2.8: Percent of total food group intake, 2009-2010, for
U.S. population ages 2 years and older, from WWEIA Food Categories).

When mixed dishes contribute to dairy foods, the majority of intake is in the form of cheese. Data
show that about two-thirds of all cheese intake is from mixed dishes such as pizza, burgers,
sandwiches, and casseroles. Given that cheese is generally higher in saturated fat and sodium and
lower in potassium and vitamin D than is fluid milk (see Question 7b, above, and Appendix E-3.6:
Dairy Group and Alternatives), modifying the types of cheese products used in these mixed dishes to
lower fat and sodium versions would improve their nutritional profile.

When mixed dishes contribute to the grains group, a larger percentage of refined (48 percent) than
whole (19 percent) grains are consumed as part of these dishes. Substitution of whole for refined grains
in mixed dishes such as burgers, sandwiches, pizza, and casseroles containing pasta or rice could
improve the nutritional profile of grains that are consumed this way.

Although mixed dishes account for a substantial amount of intake of some overconsumed nutrients (43
percent of sodium, 36 percent of saturated fat), they also account for 28 percent of fiber, 29 percent of
calcium, 24 percent of potassium, and 16 percent of vitamin D, all of which are underconsumed
nutrients. Other food categories that contribute substantially to overall energy, sodium, saturated fat,
and added sugars intake are discussed in the following two questions—Question 10: “What are the top
foods contributing to energy intake in the U.S. population?” and Question 11: “What are the top foods
contributing to sodium, saturated fat, and added sugars intake in the U.S. population?”

For additional details on this body of evidence, visit:

e What We Eat in America. Food Categories for the NHANES 2009-2010 dietary survey. Available
from: http://seprl.ars.usda.gov/Services/docs.htm?docid=23429.

o Appendix E-2.7: Major categories and subcategories used in DGAC Analyses of WWEIA Food
Categories

o Appendix E-2.8: Percent of total food group intake, 2009-10 for U.S. population ages 2 years and
older
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Question 10: What are the top foods contributing to energy intake in the U.S.
population?

Source of evidence: Data Analysis

Conclusion

Seventy-five percent of total energy intake in the U.S. population comes from 16 of the 32 food sub-
categories, with mixed dishes, snacks and sweets, and beverages together contributing to more than
half (56 percent) of energy intake in the U.S. population.

Implications

The foods with the highest contribution to energy intake are burgers, sandwiches, and tacos; desserts
and sweet snacks; and sugar-sweetened beverages. Given the link to energy intake, reduced
consumption of these foods and beverages or modifying the ways these foods are prepared, as well as
consumption of smaller portion sizes, may help prevent excess weight gain or may help with weight
reduction.

Public health strategies (e.g., programs, regulations, and policies) and product reformulation are
needed to help individuals achieve recommendations.

Review of the Evidence

These conclusions were reached by examining data from the WWEIA Food Categories for the
NHANES 2009-2010 dietary survey,® as described in relation to question 9 (current consumption
patterns by food categories in the U.S. population).

The top foods contributing to energy intake in the U.S. population are concentrated in several food
categories, as shown in Figure D1.33. Three food categories account for more than half (56 percent) of
all energy consumed: 1) Mixed dishes (which include foods such as sandwiches, burgers, pizza, pasta
or rice mixed dishes, stir-fries, soups, and meat or poultry mixed dishes); 2) snacks and sweets, which
includes foods such as chips, cakes, pies, cookies, doughnuts, ice cream, and candy.), and 3) beverages
other than milk and 100% fruit juice (such as soft drinks, fruit drinks, coffee and tea, and alcoholic
beverages)

Examining energy intake from the more specific 32 food subcategories shows that almost half of total
energy intake comes from just 7 of these sub-categories (Table D1.12): Burgers and sandwiches (13.8
percent); desserts and sweet snacks (8.5 percent); sugar-sweetened beverages (6.5 percent); rice, pasta,
and grain-based mixed dishes (5.5 percent); chips, crackers, and savory snacks (4.6 percent); pizza (4.3
percent); and meat, poultry, and seafood mixed dishes (3.9 percent). Further examination of the 32
subcategories shows that 75 percent of all energy intake comes from the 7 subcategories previously
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described, plus vegetables (including starchy vegetables), alcoholic beverages, yeast breads and
tortillas, whole and 2 percent milk and yogurt, breakfast cereals and bars, poultry, and candy and
sugars.

As noted in Question 9, (current consumption patterns by food categories in the U.S. population), some
of the food sub-categories that provide substantial amounts of energy also provide underconsumed
food groups and nutrients. On the other hand, several of these subcategories, notably desserts and
sweet snacks and sugar-sweetened beverages, tend to contribute to energy intake with little
contribution to underconsumed food groups (see Appendix E-2.8: Percent of total food group intake,
2009-2010, for the U.S. population ages 2 years and older, from WWEIA Food Categories) and
nutrients (see Appendix E-2.9: Percent of total energy and nutrient intake, 2009-2010, for the U.S.
population ages 2 years and older, from WWEIA Food Categories), but major contributions to one or
more overconsumed food components (see Question 11: What are the top foods contributing to
sodium, saturated fat, and added sugars intake in the U.S. population?)

Analysis of the food sources of energy by age and sex groups showed the expected higher percent of
energy from dairy among children, especially young children, but no other major differences. Analysis
by racial/ethnic groups and by income groups did not show major differences (see Appendix 2.10:
Percent of total energy intake, 2009-2010, for age/sex groups of the U.S. population, from WWEIA
Food Categories, Appendix E-2.11: Percent of total energy intake, 2009-2010, for racial/ethnic
groups of the U.S. population, from WWEIA Food Categories, and Appendix E-2.12: Percent of
total energy intake, 2009-2010, for age/income groups of the U.S. population, from WWEIA Food
Categories).

For additional details on this body of evidence, visit:

e What We Eat in America. Food Categories for the NHANES 2009-10 dietary survey. Available
from: http://seprl.ars.usda.gov/Services/docs.htm?docid=23429.

o Appendix E-2.7: Major categories and subcategories used in DGAC Analyses of WWEIA Food
Categories

o Appendix E-2.8: Percent of total food group intake, 2009-2010, for U.S. population ages 2 years
and older, from WWEIA Food Categories

o Appendix E-2.9: Percent of total energy and nutrient intake, 2009-2010, for the U.S. population
ages 2 years and older, from WWEIA Food Categories

o Appendix E-2.10: Percent of total energy intake, 2009-2010, for age/sex groups of the U.S.
population, from WWEIA Food Categories

o Appendix E-2.11: Percent of total energy intake, 2009-2010, for racial/ethnic groups of the U.S.
population, from WWEIA Food Categories

o Appendix E-2.12: Percent of total energy intake, 2009-2010, for age/income groups of the U.S.
population, from WWEIA Food Categories
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Question 11: What are the top foods contributing to sodium, saturated fat, and added
sugars intake in the U.S. population?

Source of Evidence: Data analysis

Conclusion

Mixed dishes are the largest contributor to intake of sodium (44 percent) and saturated fat (38 percent).
Sodium and saturated fat have both been identified as nutrients of concern for overconsumption.
Within mixed dishes, the sub-category of burgers and sandwiches is the largest contributor for both
nutrients.

Sodium is ubiquitous in the food supply and many food categories contribute to intake.
Beverages supply 47 percent of added sugars intake.

Snacks and sweets also are a major contributor to added sugars (31 percent) and saturated fat intake
(18 percent).

Implications

To decrease dietary intake from added sugars, the U.S. population should reduce consumption of
sugar-sweetened beverages and of desserts and sweet snacks.

The U.S. population can use a variety of strategies to reduce consumption of sodium, saturated fat, and
added sugars, including smaller portion sizes, reduced frequency of consumption, and recipe
modification.

Given the ubiquity of sodium in the food supply, concerted efforts to reduce sodium in commercially
prepared and processed foods, as well as encouragement of home cooking using recipes with small
amounts of sodium are needed to decrease intake toward recommended levels.

Review of the Evidence

These conclusions were reached by examining data from the WWEIA Food Categories for the
NHANES 2009-2010 dietary survey,® as described in relation to Question 9 (current consumption
patterns by food categories in the U.S. population).

The category of mixed dishes contributes substantially more saturated fat (36 percent) and sodium (43
percent) to diets of the U.S. population than does any other category. Within this category, the largest

share of both saturated fat (19 percent) and sodium (21 percent) comes from the subcategory of
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burgers, sandwiches, and tacos. The other subcategories that also contribute notable amounts of
saturated fat and sodium are pizza (approximately 6 percent for both); rice, pasta, and other grain-
based mixed dishes (5 percent and 7 percent); and meat, poultry, and seafood mixed dishes (5 percent
and 7 percent). Soups contribute a notable amount of sodium (4 percent) but less saturated fat (1
percent). (Figures D1.34 and D1.35).

Other food categories contributing substantial amounts of saturated fat include snacks and sweets (18
percent), protein foods (15 percent), and dairy (13 percent). Within snacks and sweets, the subcategory
providing the largest share is desserts and sweet snacks (12 percent). Within protein foods, saturated
fat comes from meats, in general (3 percent), deli and cured meats and poultry (3 percent), poultry (3
percent), and eggs (3 percent), with seafood and nuts, seeds, and soy each contributing less than 3
percent. Within the dairy category, higher fat (whole and 2 percent) milk and yogurt (7 percent) and
cheese (4 percent) contribute the most saturated fat.

Sodium is more ubiquitous in the food supply than are other nutrients, and the food categories
contributing the highest amounts of sodium include protein foods (14 percent), grains (11 percent),
vegetables (11 percent), and snacks and sweets (8 percent). Sodium is distributed throughout many
food categories and subcategories with the exception of fruits and fruit juice, which are notably low in
sodium (0.1 percent).

The distribution of added sugars in foods as consumed differs from saturated fat and sodium (Figure
D1.36) The vast majority of added sugars intake comes from the major categories of beverages (not
including milk and 100% fruit juice) (47 percent) and snacks and sweets (31 percent). Grains,
including breakfast cereals and bars, contribute 8 percent, mixed dishes contribute 6 percent, and dairy,
including sweetened flavored milks and yogurts contribute only 4 percent of total added sugars intake
(see Appendix E-2.8: Percent of total food group intake, 2009-2010, for the U.S. population ages 2
years and older, from WWEIA Food Categories).

Four additional questions were examined using the WWEIA Food Categories data. They are:
11a. What is the current contribution of fruit products with added sugars to intake of added sugars?
11b. What is the current contribution of vegetable products with added sodium to intake of sodium?

11c. What is the current contribution of refined grains to intake of added sugars, saturated fat, some
forms of polyunsaturated fat, and sodium?

11d. What are the sources of caffeine from foods and beverages on the basis of age and sex categories?

With regard to Question 11a, the DGAC found that:

e Less than 1 percent of total added sugars come from fruits and 100% fruit juice foods
(including fresh, canned, frozen, dried fruit and fruit salads) (see Appendix E-2.8: Percent of
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total food group intake, 2009-2010, for the U.S. population ages 2 years and older, from
WWEIA Food Categories).

With regard to Question 11b, the DGAC found that:

11 percent of total sodium comes from all vegetables (with starchy vegetables), including beans
and peas, vegetable mixtures, lettuce salads, pasta sauces, and vegetable juice (see Appendix E-
2.9: Percent of total energy and nutrient intake, 2009-2010, for the U.S. population ages 2
years and older, from WWEIA Food Categories).

When vegetables are categorized by starchy or non-starchy, we found that:
o 7 percent of total sodium comes from all vegetables, excluding starchy vegetables, and

o 4 percent comes from starchy vegetables, including French fries and other fried potatoes,
mashed potatoes, all other potatoes, corn, and other starchy vegetables.

With regard to Question 11c:

The DGAC could not directly determine the contribution of refined grains to the nutrients of
interest with the currently available data. However, the food categories that make up more than
90 percent of all refined grain intake (i.e., burgers, sandwiches, and tacos; breads and tortillas;
rice and pasta mixed dishes; desserts and sweet snacks; pizza; chips, crackers, and savory
snacks; quick breads; rice and pasta; and meat, poultry, and seafood mixed dishes) account for:

o 28 percent of all added sugars intake
o 47 percent of all saturated fat intake
o 50 percent of all sodium intake

(see Appendix E-2.8: Percent of total food group intake, 2009-2010, for the U.S. population
ages 2 years and older, from WWEIA Food Categories and Appendix E-2.9: Percent of total
energy and nutrient intake, 2009-2010 for the U.S. population ages 2 years and older, from
WWEIA Food Categories)

With regard to Question 11d, the DGAC found that (Figure D1.37):

Among children and adolescents, sugar-sweetened and diet beverages and coffee and tea
contribute to overall caffeine intake at approximately equal levels.

Among adults, the primary sources of caffeine from all foods and beverages are coffee and tea.

For additional details on this body of evidence, visit:
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e What We Eat in America. Food Categories for the NHANES 2009-10 dietary survey. Available
from: http://seprl.ars.usda.gov/Services/docs.htm?docid=23429.

o Appendix E-2.7: Major categories and subcategories used in DGAC analyses of WWEIA Food
Categories

o Appendix E-2.8: Percent of total food group intake, 2009-2010, for the U.S. population ages 2
years and older, from WWEIA Food Categories

o Appendix E-2.9: Percent of total energy and nutrient intake, 2009-2010, for the U.S. population
ages 2 years and older, from WWEIA Food Categories

Question 12: What is the contribution of beverage types to energy intake by the U.S.
population?

Source of evidence: Data analysis

Conclusion

Beverages contribute 19 percent of total energy intake. Of this 19 percent of energy, major sources are
sugar-sweetened beverages (35 percent), milk and milk drinks (26 percent), and 100% fruit juices (10
percent).

Implications

The beverages that contribute the most to energy intake, particularly sugar-sweetened beverages, are
those that are not nutrient dense and could be targeted for reduction. Others, like milk, fortified low-
and non-fat milk, and milk beverage are good sources of key nutrients. Modifying the types of
beverages consumed can reduce calories (e.g., switching from sugar-sweetened beverages to water) or
improve nutrient intakes (e.g., switching from sugar-sweetened beverages to low-fat or fat-free milk).
This may be an important strategy for individuals who need to reduce their energy intake and/or
control their weight. Public health strategies (e.g., programs, regulations, and policies) are needed to
reduce consumption of sugar-sweetened beverages.

Strategies are needed to encourage the U.S. population to drink water when they are thirsty. Water
provides a healthy, low-cost, zero-calorie beverage option. Free, clean water should be available in
public settings, as well as child care facilities, schools, worksites, publically funded athletic stadiums
and arenas, transportation hubs (e.g., airports) and other community places and should be promoted in
all settings where beverages are offered.
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Review of the Evidence

These conclusions were reached by examining data from the WWEIA Food Categories data from the
NHANES 2009-2010 dietary survey,® as described in relation to question 9 (current consumption
patterns by food categories in the U.S. population). For this question, a new grouping of all beverages,
including fluid milk and 100% fruit juice, was created. The conclusions and details below are based on
this category of all beverages (see Appendix E-2.7: Major categories and subcategories used in
DGAC analyses of WWEIA Food Categories).

All beverages account for about one-fifth (19 percent) of total energy intake. Within that amount,
about one-third (35 percent) is from sugar-sweetened beverages, mostly soft drinks and sweetened fruit
drinks (see Appendix E-2.9: Percent of total energy and nutrient intake, 2009-2010, for the U.S.
population ages 2 years and older, from WWEIA Food Categories). About 20 percent of the calories
from beverages come from alcoholic beverages (21 percent), and milk and milk drinks made with
whole and 2 percent fat (18 percent). About 10 percent of the calories from beverages come from
100% fruit and vegetable juice (10 percent), fat-free and low-fat milk and milk drinks (8 percent), and
coffee and tea (8 percent) (Figure D1.38).

For additional details on this body of evidence, visit:

o What We Eat in America. Food Categories for the NHANES 2009-10 dietary survey. Available
from: http://seprl.ars.usda.gov/Services/docs.htm?docid=23429.

o Appendix E-2.7: Major categories and subcategories used in DGAC analyses of WWEIA Food
Categories

o Appendix E-2.9: Percent of total energy and nutrient intake, 2009-2010, for the U.S. population
ages 2 years and older, from WWEIA food categories

EATING BEHAVIORS—CURRENT STATUS AND TRENDS

Diet quality and energy balance directly affect health and weight status. Eating behaviors, such as
when people eat (e.g., patterns of meals and snacks, meal and snack frequency), meal skipping, and the
locations where food is obtained and consumed (e.g., retail and restaurants) influence dietary intake
and quality. Assessing and understanding eating behaviors of the U.S. population can shed light on
ways to improve food choices, weight status, and health outcomes of Americans.

Question 13: What are the current status and trends in the number of daily eating
occasions and frequency of meal skipping? How do diet quality and energy content
vary based on eating occasion?

Source of evidence: Data analysis
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Conclusion

The majority of the U.S. population consumes three meals a day plus at least one snack. Children ages
2 to 5 years are most likely to consume three meals a day and adolescent females, young adult males,
non-Hispanic Blacks, Hispanics, and individuals with lower incomes are least likely to consume three
meals a day. Trend data from 2005-2006 to 2009-2010 show little change in meal and snack intake
patterns.

Breakfast tends to have a higher overall dietary quality because of its higher nutrient density compared
to other meals and snacks. Adolescents and young adults are the least likely to eat breakfast. Snacks
contribute about one-fourth of daily energy intake for the U.S. population and are lower in nutrients of
concern relative to energy intake than are meals. For young children ages 2 to 5 years, 29 percent of
daily energy is from snacks.

Implications

Understanding eating behaviors is important for designing and implementing strategies to reduce
obesity and other diet-related chronic diseases and for improving overall health. Breakfast eating is
associated with more favorable nutrient intakes compared to nutrient intakes from other meals or
snacks. Adolescents and young adults are the least likely to eat breakfast, and targeted promotion
efforts are needed to reach these groups. For children and adolescents, the school breakfast program is
an important venue for promoting breakfast consumption and efforts are needed to increase student
participation rates.

Americans are frequent snackers and snacks contribute substantially to daily energy intake and tend to
be lower than meals in shortfall nutrients of public health concern relative to energy intake. Because
snack foods and beverages are readily available and accessible in multiple settings throughout the day,
both population-level environmental changes and individual behavioral interventions and
communications are needed to ensure that healthy choices are available in these settings and to
minimize their contribution to excess energy intake.

Individuals with lower incomes are less likely to eat three meals a day compared to higher income
individuals and low-income households are more likely to be food insecure. The federal nutrition
programs play a key role in reducing food insecurity and improving nutritional health.

Review of the Evidence

These conclusions were reached by examining existing WWEIA NHANES data tables,® from
NHANES 2009-2010 for current intakes, and WWEIA, NHANES 2003-2004, 2005-2006 and 2007-
2008 data for trends. Respondents self-identified the specific meal or snack occasion for each food and
beverage consumed.
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Eating Occasions: Meals. Three meals a day is the current norm for most of the U.S. population ages
2 years and older, with almost two-thirds (63 percent) eating breakfast, lunch, and dinner (Figure
D1.39). However, there are differences by age, sex, racial/ethnicity group, and income level. By age
group, consuming three meals a day follows a modest U-shaped curve where it is most likely for
children ages 2 to 5 years (84 percent). It then declines, and reaches its lowest point during
adolescence and young adulthood, and then increases with age through the adult years. Adolescent
females (12 to 19 years) and young adult males (20 to 29 years) are the most likely to not eat three
meals a day (49 percent). For all other age/sex groups, eating three meals a day is reported by 59 to 73
percent of respondents. Eating only one meal a day is most likely for young adult males (12 percent)
and adolescent females (10 percent). However, all but 1 percent of these respondents, consumed at
least two or more snacks a day (Table D1.13).

Among the U.S. population ages 2 years and older, 15 percent do not eat breakfast, 20 percent do not
eat lunch, and 7 percent do not eat dinner. Breakfast is most likely to be skipped by young adults ages
20 to 29 years (28 percent of males, 22 percent of females) and adolescents (25 percent of females, 26
percent of males). Breakfast skipping declines sharply with advancing age. Lunch is not eaten by 25
percent of adolescent females and from 17 to 28 percent of all adult age groups (Table D1.14).

Non-Hispanic whites are most likely to report consuming three meals a day, across all
age/sex/racial/ethnic groups, with 68 percent reporting breakfast, lunch, and dinner consumption. For
non-Hispanic Blacks, slightly less than half (48 percent) consumed all three meals, and for all
Hispanics, slightly more than half (52 percent). Non-Hispanic Blacks ages 12 to 19 years and 20 years
and older, and Hispanics ages 12 to 19 years, were least likely to consume three meals a day (42
percent, 45 percent, and 45 percent, respectively) and most likely to consume only one meal a day (18
percent, 11 percent, and 10 percent).®

The percent of individuals consuming three meals a day increases with higher income levels. For those
below 131 percent and from 131 to 185 percent of the poverty threshold, 53 percent and 56 percent
report three meals a day, while for those above 185 percent of the threshold, 70 percent report three
meals a day. For lower income individuals, the lower number of meals consumed per day is much
more evident for older children and adults. Among children ages 2 to 5 years in the three income
groupings, 81 percent, 82 percent, and 88 percent, respectively, report consuming three meals a day,
while for adults ages 20 years and older, the corresponding percentages are 48 percent, 54 percent, and
70 percent, respectively.®’

Eating Occasions: Snacks. Nearly all of the U.S. population ages 2 years and older consume at least
one snack a day (96 percent). The most common snacking pattern for most age, sex, racial/ethnic and
income groups is two to three snacks per day. Females and males ages 70 years and older are most

likely to report eating one or fewer snacks per day (26 percent), and children ages 2 to 5 years are the
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least likely (10 percent). Children ages 2 to 5 years are most likely of any age group to report four or
more snacks per day, across all racial/ethnic groups.®®

The number of individuals reporting one or fewer snacks per day is highest (25 percent) for those
below 131 percent of the poverty threshold, and lowest (17 percent) for those above 185 percent of the
threshold. Consumption of four or more snacks per day is lowest (25 percent) for those below 131
percent of the poverty threshold and highest (35 percent) for those above 185 percent of the threshold.
However, for all income groups, 2 to 3 snacks per day is the modal number and similar across income
groups (51 percent, 48 percent, 48 percent).®’

Trends. Trend data from NHANES from 2005-2006 to 2009-2010 show little change in number of
daily eating occasions or frequency of meal skipping (Table D1.15).

Diet Quality and Energy content by Eating Occasion. For this analysis, diet quality is defined as a
comparison of nutrient or food group content to energy content of a specified set of foods or beverages.
In this question, diet quality compares the proportion of total nutrient intake at a given eating occasion
to the proportion of energy intake at that eating occasion.

This analysis is summarized in Figure D1.40 and described below. In looking at this Figure, it should
be noted that percent of total intake of nutrients of concern are shown in comparison to percent of total
energy. If a nutrient is above the energy line, the meal/snack is a relatively higher source of that
nutrient. If it is below the energy line, it is a relatively lower source.

Breakfast has a higher overall diet quality compared to lunch, dinner or snacks. Breakfast consists of
15 to 20 percent of the day’s total energy intake (Table D1.16) but has a higher percent of nutrients.
For all the shortfall nutrients of public health concern (fiber, folate, vitamin D, calcium, iron, and
potassium), a higher percent of the day’s total intake was consumed compared to the percent of energy
consumed (Figure D1.40)

Among the U.S. population ages 2 years and older, about one fourth (24 percent) of daily energy intake
is consumed at lunch and about one-third (35 percent) is consumed at dinner (Table D1.16). In terms
of dietary quality, lunch is neutral, with similar percents of total nutrients and energy intakes for most
nutrients. Dinner, which provides the greatest amount of daily total energy intake, has a higher percent
of fiber, and potassium in comparison to percent energy, but calcium and several other nutrients are
lower in comparison to percent energy. Sodium and saturated fat are higher as a percent of their total
intakes than is energy intake. Further, the percent of total daily intake of sodium and saturated fat
consumed at dinner is higher compared to other meals and snacks (Figure D1.40).

About one-fourth (24 percent) of daily energy intake comes from snacks. For young children ages 2 to
5 years, 29 percent of daily energy is from snacks (Table D1.17). Snacks provide the lowest percent of
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key nutrients (protein, iron, vitamin D, fiber, and potassium) relative to the percent of energy provided.
Snacks provide 42 percent of the daily intake of added sugars. A lower percent of total sodium than of
energy is provided by snacks. Snacks provide roughly the same percent of total intake of calcium as
they do energy. This is also true of saturated fat for females (Table D1.17).

For additional details on this body of evidence, visit:

o Percent of the U.S. population consuming or skipping meals and snacks, 2001-2002, 2005-2006,
2007-2008, and 2009-2010 by age/sex groups, race/ethnicity, and percent of the poverty threshold.
Available from: http://seprl.ars.usda.gov/Services/docs.htm?docid=18349.

« Percent of total energy and nutrient intake by meal/snack, 2001-2002, 2005-2006, 2007-2008 and
2009-2010 by age/sex groups, race/ethnicity, and percent of the poverty threshold. Available from:
http://seprl.ars.usda.gov/Services/docs.htm?docid=18349.

Question 14: What are the current status and trends in the location of meal and snack
consumption and sources of food and beverages consumed at home and away from
home? How do diet quality and energy content vary based on the food and beverage
source?

Source of evidence: Data analysis

Conclusion

About two-thirds of the calories consumed by the U.S. population are purchased at a store (69 percent),
such as a grocery store or supermarket, and consumed in the home. The percent of calories eaten away
from home (32 percent) has remained about the same since 2003-2004.

Food group and nutrient quality as measured by the Healthy Eating Index (HEI) vary by where food is
obtained. Despite this, no matter where the food is obtained, diet quality of the U.S. populations does
not meet recommendations for fruit, vegetables, dairy, whole grains, and exceeds recommendations for
sodium, saturated fats, refined grains, solid fats, and added sugars.

Implications

The overall diet quality of the U.S. population’s dietary patterns, regardless of where the food is
purchased and eaten, is of major public health concern. Given that fruit, vegetables, dairy, and whole
grains are consumed in less than recommended amounts and that sodium, saturated fats, refined grains,
solid fats, and added sugars exceed recommended levels, urgent action is needed at individual and
population levels to alter food purchasing and consumption habits.

Efforts are needed by the food industry and food retail (food stores and restaurants) sectors to market
and promote healthy foods. The general public needs to be encouraged to purchase these healthier
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options. Making healthy options the default choice in restaurants (e.g., fat-free/low-fat milk instead of
sugar-sweetened beverages, and fruit and non-fried vegetables in Children’s Meals, whole wheat buns
instead of refined grain buns for sandwich meals) would facilitate the consumption of more nutrient
dense diets. Food manufacturers and restaurants should reformulate foods to make them lower in
overconsumed nutrients (sodium, added sugars and saturated fat) and calories and higher in whole
grains, fruits and vegetables.

In addition, Federal regulations for food labeling need to be updated. Food labels are an important tool
to enable the public to follow the Dietary Guidelines and to make healthy food choices. They provide
consumers with quick, easy to use information about the food they are purchasing. They also lead food
companies to reformulate their food products to meet consumer demand. As recently proposed by the
FDA, updates are needed in the Nutrition Facts label on packaged foods to emphasize calories, serving
sizes, and nutrients of concern (including overconsumed nutrients such as sodium). Consumers also
may benefit from a standardized Front of Pack label that gives clear guidance such as proposed by the
IOM panel on FOP labeling.*®

In addition to regulatory, policy, environmental and organizational changes, individual behavioral
strategies are also needed to help Americans improve dietary behaviors. Comprehensive lifestyle
interventions in a variety of settings and nutrition counseling by professionals in health care settings
can modify dietary behaviors and improve health outcomes.

Review of the Evidence

This conclusion was reached by examining a new analysis of WWEIA, NHANES food intake data,
from WWEIA NHANES 2009-2010 for current status, and WWEIA NHANES 2003-2004, 2005-2006
and 2007-2008 for trends (see Appendix E-2.13: Percent of energy intake from major points of
purchase and location of eating, 2003-2004, 2005-2006, 2007-2008, 2009-2010, for the U.S.
population ages 2 years and older and Appendix E-2.14: Food group and nutrient content of foods
per 1000 calories obtained from major points of purchase, 2003-2004, 2005-2006, 2007-2008, 2009-
2010, for the U.S. population ages 2 years and older). This analysis was requested by the DGAC to
answer the question. In addition, the DGAC reviewed the ERS publication Nutritional Quality of Food
Prepared at Home and Away from Home, 1977-2008° to ascertain longer-term trends.

Respondents self-identified the food source (point of purchase) for each food or beverage they
reported. For this analysis, food sources were grouped into the following categories: stores (grocery,
supermarket, convenience/corner stores), full-service restaurants (defined as table service restaurants),
quick-serve restaurants (includes fast food, counter service, and vending machines), school (includes
child care). The location of eating, either at home or away from home, also was examined (Figure
D1.41).
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Americans increased their away-from-home share of caloric intake from 18 percent in 1977-1978 to 32
percent in 2005-2008, mainly from full service and fast food restaurants.’® The percent of calories
eaten away from home has remained roughly the same since 2003-2004. In 2009-2010, 69 percent of
calories consumed by Americans were purchased from a store and 58 percent were eaten at home. This
is about the same percent from 2003-2008 (Figure D1.41).

Diet quality was assessed using a density approach expressed as the amount of food group or nutrient
per 1000 calories consumed, for each source from which food is obtained. The point of purchase (e.g.,
food store) is used as a proxy for where the food is consumed (e.g., home) because most food from
stores are consumed at home, and most foods from other points of purchase are consumed away from
home. Diet quality for a food group or nutrient for each food source obtained/consumed was then
compared to the standard for a optimal HEI score per 1000 calories.”* For saturated fat intake, the
amount from each source was compared to the 2010 Dietary Guidelines limit for saturated fat intake.

Fruit. Fruit group density (cups per 1000 calories) is well below the HEI standard regardless of where
the food is obtained or consumed. Amounts of fruit obtained and consumed differ by source, with full
service and fast-food restaurants providing much less fruit per 1000 calories compared to other
sources. This changed little from 2003-2004 to 2009-2010. Amount of fruit per 1000 calories is highest
from schools/day care, and increased from 2003-2004 to 2009-2010, especially from 2007-2008 on
(Figure D1.42).

Vegetables. Density for vegetables (cups per 1000 calories) falls below recommended intakes
regardless of where food is obtained (Figure D1.43). Amounts of total vegetables and the starchy and
other vegetable subgroups are shown in Figures D1.43 and D1.44. (Other vegetables are those not in
the dark green, red orange, or starchy subgroups, such as green beans, iceberg lettuce, onions, cabbage,
cucumbers.) Amounts of total vegetables and other vegetables per 1000 calorie are highest for
restaurants, especially full service restaurants, with a slight downward trend from 2007-2008 to 2009-
2010 (Figures D1.43 and D1.44). Amounts of total vegetables and starchy vegetables per 1000 calories
from schools/daycare show a suggestive decrease in 2009-2010 compared to earlier years. Density for
all vegetable subgroups by source for 2003-2004 through 2009-2010 are listed in Table D1.18.

Dairy. Amounts of total dairy products (fluid milk, cheese, and yogurt) are highest from schools/day
care sources and are above the HEI standard, with an increase from 2007-2008. Amounts from other
sources are far below recommendations (Figure D1.45).

Whole and refined grains. Whole grain density per 1000 calories is far below the HEI standard and is
low for all food sources with little change since 2003-2004. On the other hand, refined grains exceed
the HEI limit for all food sources, with the highest amount coming from quick serve restaurants
(Figure D1.46).
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Protein foods. Amounts of total protein foods per 1000 calories are above the HEI standard for full
service restaurants and fast food restaurants (Figure D1.47).

Sodium. Amounts of sodium per 1000 calories are well above the HEI limit and do not differ greatly
across sources. However, the density from full service and fast food restaurants are somewhat higher
than from stores. There has been little change from 2003-2004 to 2009-2010 (Figure D1.48).

Saturated fats. Amounts of saturated fat per 1000 calories is well above the Dietary Guidelines limit
and do not differ greatly across sources. However, the density from fast food restaurants is somewhat
higher than from stores. There has been little change from 2003-2004 to 2009-2010 (Figure D1.49).

Empty calories. (defined as the total calories from solid fats and added sugars). Empty calories are
well above the HEI limit (190 calories per 1000 calories) for all food sources, with the highest amount
from fast food restaurants, but no large differences among sources. Empty calories have trended
downward since 2003-2004 (Figure D1.50). The HEI does not have a separate HEI standard for added
sugars and solid fats. Both added sugars and solid fats have decreased since 2003-2004. (Figures
D1.51, D1.52) The highest amounts of added sugars are obtained from stores and the highest amounts
of solid fats are obtained from fast food restaurants.

Food group density by age group. For children ages 2 to 5 years, fruit group density per 1000
calories from schools and stores reaches the HEI standard. School foods provide the highest fruit
density among all food sources for 6-11 year olds, with an increase since 2007-2008. All other age
groups do not reach the HEI standard for fruit from any source, although the store location is
consistently the top source for adults. Vegetable density from full service restaurants reaches the HEI
standard for ages 51-70 and 71 years and older. All sources of vegetables are below the standard for
children, adolescents and adults under age 50. Dairy product density from child care and stores meet
the HEI standard for children ages 2-5 and from schools for children ages 6-19. School foods provide
the highest dairy product density among all food sources in children’s diets. For school age children
and adolescents, school foods are the only food source that meets the recommended amount of dairy
products. Among adults, dairy product density is low for all sources. For children ages 6-11, there is a
difference in the added sugars density by source, with schools having less added sugars per 1000
calories than other sources. This difference is not as clear for younger children or adolescents. For
adults the highest amount of added sugars per 1000 calories is from stores. For most age groups, there
is a slight downward trend, especially in the density of added sugars from stores (see Appendix E-
2.15: Amount of key nutrients and food groups by age group per 1000 calories from each point of
purchase, 2003-2004, 2005-2006, 2007-2008, and 2009-2010).

For additional details on this body of evidence, visit:
o Appendix E-2.13: Percent of energy intake from major points of purchase and location of eating,
2003-2004, 2005-2006, 2007-2008, and 2009-2010, for the U.S. population ages 2 years and older
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PREVALENCE OF HEALTH CONDITIONS AND TRENDS

Preventable, diet- and lifestyle-related chronic diseases, including high blood pressure, CVD, type 2
diabetes, and certain cancers, contribute to the high and rising costs of U.S. health care. Adults with
overweight or obesity frequently have co-morbid conditions and higher chronic disease risk profiles
that contribute substantially to higher health care costs. These health problems are persistent in the
population and pose major public health concerns. Increasing rates of overweight and obesity among
American youth have resulted in rising rates of CVD risk factors, including borderline high blood
pressure and diabetes, in this population. Health disparities in risk profiles and disease rates are evident
across racial, ethnic, and income strata. In a new health care and public health vision, prevention of
chronic diseases and other lifestyle-related health problems would become a major focus. Examining
the status and trends in these health conditions provides a framework for discussing their relationship
to dietary intake and lifestyle factors and can help in identifying evidence-based strategies for
prevention.

Question15: What is the current prevalence of overweight/obesity and distribution of
body weight, BMI, and abdominal obesity in the U.S. population and in specific age,
sex, racial/ethnic, and income groups? What are the trends in prevalence?

Source of evidence: Data analysis

Conclusion

The current rates of overweight and obesity are extremely high among children, adolescents, and
adults. These high rates have persisted for more than 25 years.

Overall, 65 percent of adult females and 70 percent of adult males are overweight or obese, and rates
are highest in adults ages 40 years and older. Rates of overweight and obesity in adults vary by age and
race/ethnicity.

o Overweight (excluding obesity) is most prevalent in those ages 40 years and older, and in
Hispanic American adults.

o Obesity is most prevalent in those 40 years of age or older and in African American adults.
Obesity is least prevalent in adults with highest incomes (400+ percent the poverty threshold).

Abdominal obesity is present in U.S. adults of all ages, increases with age, and varies by sex and
race/ethnicity.

« Abdominal obesity rates are highest in individuals ages 60 years and older, and are higher in
women than men at all ages.
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e Inmen, abdominal obesity rates are slightly higher among non-Hispanic whites than Mexican
Americans or African Americans. In women, abdominal obesity rates are lower in non-
Hispanic whites than in Mexican Americans or African Americans.

Nearly one in three youth (31 percent), ages 2 to 19 years, is now overweight (85™-94™ percentile) or
obese (>95™ percentile) and these rates vary by age and ethnicity.

e Inyouth ages 2 to 19 years, obesity prevalence increases with age, and the age category with
the highest prevalence is 12-19 year olds.

e Inyouth ages 2 to 19 years, the race categories with the highest prevalence of obesity are
African Americans and Hispanics.

Implications

The persistent high levels of overweight and obesity require urgent population- and individual-level
strategies across multiple settings, including health care, communities, schools, worksites, and
families.

Comprehensive lifestyle interventions and evidence-based dietary interventions for weight
management in individuals and small groups should be developed and implemented by trained
interventionists and professional nutrition service providers in healthcare settings as well as in
community locations, including public health facilities and worksites.

Quality of care standards in health care settings should include the provision and impact of preventive
nutrition services provided by multidisciplinary teams of trained interventionists, as appropriate, and
nutrition professionals. Incentives should be offered to providers and systems to develop preventive
services.

The public should be encouraged to monitor their body weight and engage with their health care
providers at least annually to assess their body weight and BMI. As appropriate, providers should use
evidence-based approaches aimed at achieving and maintaining healthy body weight. Health care
providers should encourage achieving and maintaining a healthy weight through healthy eating and
physical activity behaviors.

The persistent high rates of obesity across the lifespan show the limited impact of our efforts to date.
Accelerating progress in reversing obesity trends will require a more targeted, comprehensive, and
coordinated strategy and a renewed commitment and action for sustained, large-scale, integrated multi-
sectoral and cross-sectoral collaborations. Government at local, state, and national levels, the health
care system, schools, worksites, community organizations, businesses, and the food industry all have
critical roles in developing creative and effective solutions.
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Behavioral change at the individual level is important. However, policy interventions that make
healthy dietary and activity choices easier, more routine, and affordable and that reduce unhealthy
options are likely to achieve population-wide benefits.

Age-appropriate nutrition and food preparation education should be a mandatory part of primary and
secondary school curricula.

Review of the Evidence

To reach these conclusions, the DGAC examined evidence from NHANES 2009-2012, and additional
survey years including 1988-1994 to 2011-2012 for trends data. These data are available in summary
NHANES data table format on the CDC website, in published peer-reviewed articles by CDC,’*"* and
in analyses requested by the DGAC and provided by CDC/NCHS (see Appendix E-2.16: Body mass
index, adults ages 20 years and older, NHANES 2009-2012 and Appendix E-2.17: Body mass index,
children and adolescents ages 2-19 years, NHANES 2009-2012).

The prevalence rates of overweight and obesity among U.S. adults have been extremely high for the
past 25 years and appear to be at record high levels in women and to have plateaued at near record high
levels in men (Figure D1.53). In 2009-2012, combined rates of overweight and obesity in adult men,
ages 20 years and older, were 72.6 percent (38.1 percent for overweight and 34.5 percent for obesity)
and 64.8 percent (28.8 percent for overweight and 36 percent for obesity) in women (Table D1.19).
Rates of overweight and obesity in adults vary by age and ethnicity and are most pronounced in adults
ages 40 years and older and in Hispanic and African American adults (Table D1.19).

Overweight affects 29.5 percent of adults ages 20 to 39 years, 35.9 percent of adults ages 40 to 59
years, and 35.7 percent of adults ages 60 years and older, while obesity affects 31.5 percent of adults
ages 20 to 39 years, 38 percent of those ages 40 to 59 years, and 37.5 percent of those ages 60 years
and older (Table D1.19).

Overweight affects 31.7 percent of adult African American men and 24.5 percent of adult African
American women, while obesity affects 37.9 percent of adult African American men and 57.5 percent
of adult African American women. Among adult Hispanic men, overweight affects 41.5 percent and
obesity affects 38.5 percent, and among adult Hispanic women, overweight affects 33.5 percent and
obesity affects 43 percent (Table D1.19).

Obesity is least prevalent (about 31 percent) in adults ages 20 years and older with highest incomes
(400 + percent the poverty threshold) in 2007-2010 (Table D1.20), while affecting 37.2 percent of
those with incomes below 100 percent of the poverty threshold, 37.3 percent of those with incomes
from 100 percent to 199 percent of the poverty threshold, and 36.8 percent of those with incomes from
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200 percent to 399 percent of the poverty threshold (Table D1.20). Across all income strata, combined
rates of overweight and obesity and particularly obesity rates have risen over the past 25 years.

Abdominal obesity, as measured by waist circumference (WC), and defined as WC more than 102 cm
in men and more than 88 cm in women, is a risk factor for CVD and diabetes .° Abdominal obesity is
prevalent in U.S. adults of all ages and varies by age and sex. In 2011-2012, overall rates of abdominal
obesity were about 54 percent in adults ages 20 years and older, with a prevalence of about 44 percent
in adult men and 65 percent in adult women (Table D1.21). Data from the NHANES 2007-2008 survey
shows that men ages 20 to 39 years have the lowest rates of abdominal obesity (28.5 percent)
compared to men ages 40 to 59 years (49.4 percent) and those ages 60 years and older (60.4 percent)
(Table D1.21). Women ages 60 years and older have the highest rates of abdominal obesity (73.8
percent) compared to women ages 40 to 59 and 20 to 39 years (65.5 percent and 51.3 percent,
respectively). Data from the 2011-2012 survey show that the highest prevalence of abdominal obesity
among men is in non-Hispanic white men (44.5 percent), followed by Mexican American men (43.2
percent) and African American men (41.5 percent), while the highest prevalence among women is in
African American women (75.9 percent), followed by Mexican American (71.6 percent) and non-
Hispanic white women (63.3 percent) (Table D1.21). For 2007-2010, the prevalence of abdominal
obesity is very high in obese adults ages 18 years and older (97 percent), and overweight adults (57
percent), compared to normal/underweight adults (8 percent).” Since 1999 rates of abdominal obesity
have risen in all age and racial strata of both adult males and females (Table D1.21).

After increasing from the 1980s until about 2004, rates of overweight and obesity in children and
adolescents ages 2 to 19 years have since remained at very high levels (Figure D1.54). A significant
decrease in obesity among children ages 2 to 5 years old was observed in an analysis comparing the
survey data from 2003-2004 (13.9 percent) to 2011-2012 (8.4 percent).”* However, it is not clear
whether this comparison of only two time periods reflects an actual downward trend. Currently, 14.9
percent of boys ages 2 to 19 years are overweight (85" to 94" percentile) and 17.6 percent are obese
(95™ percentile and greater); rates in girls ages 2 to 19 years are 14.9 percent and 16.1 percent,
respectively. Furthermore, rates of obesity in youth increase with age and vary by ethnicity, with
obesity found in 22.1 percent of African American and 21.8 percent of Hispanic Americans ages 2 to
19 years (Table D1.22).

For additional details on this body of evidence, visit:
o Appendix E-2.16: Body mass index, adults ages 20 years and older, NHANES 2009-2012

o Appendix E-2.17: Body mass index, children and adolescents ages 2-19 years, NHANES 2009-
2012
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Question 16: What is the relative prevalence of metabolic and cardiovascular risk
factors (i.e., blood pressure, blood lipids, and diabetes) by BMI/body weight/waist
circumference (abdominal obesity) in the U.S. population and specific population
groups?

Source of evidence: Data analysis

Conclusion

Approximately 50 percent of adults who are normal weight have at least one cardiometabolic risk
factor. Approximately 70 percent of adults who are overweight and 75 percent of those who are obese
have one or more cardiometabolic risk factors.

Rates of elevated blood pressure, adverse blood lipid profiles (i.e., low high density lipoprotein
cholesterol [HDL-C], high low density lipoprotein choldesterol [LDL-C], and high triglycerides), and
diabetes are highest in adults with elevated abdominal obesity (waist circumference greater than 102
cm in men, greater than 88 cm in women).

Ninety-three percent of the children with type 2 diabetes are ages 12 to 19 years and 90 percent of
these children with type 2 diabetes are overweight or obese. In children with type 2 diabetes, the
prevalence of obesity is higher in African Americans, followed by American Indians and Hispanics,
compared to non-Hispanic whites or Asian Pacific Islander youth.

Dyslipidemia and rates of borderline high blood pressure vary by weight status in boys and girls; rates
are particularly high in obese boys.

Nearly three-fourths of the overweight or obese populations have at least one cardiometabolic risk
factor.

Implications

The rates of cardiometabolic risk factors in adult Americans are extremely high and reflect the high
rates of population overweight and obesity. Many adults have personal health profiles in which
multiple metabolic risk factors co-exist and substantially increase risks for coronary heart disease,
hypertension and stroke, diabetes, and other obesity-related co-morbidities. These are the most costly
health problems in the Nation today and they can be prevented or better managed with intensive,
comprehensive, and evidence-based lifestyle interventions carried out by multidisciplinary teams of
trained professionals or through medical nutrition therapy provided by registered dietitians or
nutritionists (AHA/ACC/TOS).? Program plans and interventions needed to confront the nation’s
obesity epidemic and its devastating metabolic consequences. A shift in the healthcare paradigm
toward prevention is critical. Nutrition and lifestyle services for obesity prevention and weight
management should be expanded and integrated. As part of this approach, quality of care guidelines
need to be revised to incentivize the provision of personalized lifestyle and nutrition interventions to
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combat obesity and obesity-related chronic diseases and their metabolic risk factors and co-
morbidities. As emphasized in Part D. Chapter 3: Individual Diet and Physical Activity Behavior
Change and Part D. Chapter 4: Food Environment and Settings, the most effective approach to
preventing and treating overweight and obesity in our nation across the lifespan requires both
individual and population-based, environmental strategies. Initiatives in health care and public health
and other government sectors should be complemented with collaborative approaches in retail,
educational, and social service and agricultural settings to make the long-term adoption of healthy
nutrition and lifestyle behavior not only feasible but normative.

The high rates of overweight and obesity in youth and their concomitant cardiometabolic risk factors
require early preventive interventions at individual and population levels. Evidence-based strategies in
health and public health settings also should be implemented and complemented by environmental
approaches across wide-ranging sectors to reverse these priority health problems.

Review of the Evidence

To reach these conclusions, the DGAC examined evidence from NHANES 2007-2010 and 2009-2012
data and SEARCH for Diabetes in Youth Study (SEARCH). These data were available in published
peer-reviewed articles by CDC,” or SEARCH'’ authors and in analyses requested by the DGAC and
provided by CDC/NCHS (see Appendix E-2.18: Total cholesterol and high density lipoprotein
cholesterol (HDL), adults ages 20 years and older, NHANES 2009-2012, Appendix E-2.19: Low
density lipoprotein cholesterol (LDL-C) and triglycerides, adults ages 20 years and older, NHANES
2009-2012, Appendix E-2.20: Prevalence of high blood pressure, adults ages 18 years and older,
NHANES 2009-2012, Appendix E-2.21: Total diabetes, adults ages 20 years and older, NHANES
2009-2012, Appendix E-2.22: Total cholesterol, high density lipoprotein cholesterol (HDL), and
non-HDL-cholesterol, children and adolescents ages 6—19 years, NHANES 2009-2012, Appendix E-
2.23: Low density lipoprotein cholesterol (LDL-C) and triglycerides, adolescents ages 12-19 years,
NHANES 2009-2012, Appendix E-2.24: Prevalence of high and borderline high blood pressure
(BP), children and adolescents ages 8-17 years, NHANES 2009-2012).

In U.S. adults ages 18 years and older, weight status is related to prevalent CVD risk. About two-thirds
(66.6 percent) of U.S. adults, including more than half (56.1 percent) of normal weight adults (BMI
18.5-<25 kg/m?), have one or more CVD risk factors (including type I and type 11 diabetes,
hypertension, or dyslipidemia, or self-reported smoking) (Figure D1.55). About 70 percent (69.6
percent) of adults who are overweight (BMI 25-<30 kg/m?) have at least one or more CVD risk factors,
making them candidates for preventive weight management interventions, according to expert
guidelines established by the American College of Cardiology, American Heart Association, and The
Obesity Society for preventative weight management (see Part D. Chapter 2: Dietary Patterns, Foods
and Nutrients, and Health Outcomes). Furthermore, more than one-quarter (27.8 percent) have two or
more CVD risk factors (Figure D1.55). About three-quarters (74.6 percent) of adults who are obese
(BMI >30 kg/m?) have one or more CVD risk factors and about 39 percent have two or more CVD risk
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factors (Figure D1.55). Cardio-metabolic risk factors also are substantially more prevalent in adult men
and women who have abdominal obesity (Table D1.23).

In terms of plasma lipids, the prevalence of low HDL-C (<40 mg/dl), high LDL-C (>160 mg/dl), and
high triglycerides (> 200 mg/dl) is highest in obese adults (ages 20 years and older) compared to
normal weight adults (Table D1.23). Similar patterns are observed in those who are overweight
compared to normal weight adults (Table D1.23). These lipid profiles also are highest in men with
abdominal obesity (> 102 cm) or women (>88 cm). (Table D1.23). High total cholesterol (> 200
mg/dl), low HDL-C (<40 mg/dl), and high triglycerides (> 130 mg/dl) also are most prevalent in obese
compared to overweight or normal weight children and adolescents (Table D1.24). There does not
appear to be a difference in the prevalence of high LDL-C (> 130 mg/dl) by weight status in children
and adolescents (Table D1.24).

In adults ages18 years and older, rates of elevated blood pressure (defined as having measured systolic
pressure of at least 140 mm Hg or diastolic pressure of at least 90 mm Hg and/or taking
antihypertensive medication) are highest with obesity (39.2 percent) compared to normal weight (20
percent) or overweight (26.4 percent). It is also highest in those with elevated waist circumferences
(men > 102cm (37.2 percent vs 23.3 percent; and > 88 cm in women (32.9 percent vs 17.8 percent)
(Table D1.23). Similar to adults, the rate of borderline high blood pressure (defined as a systolic or
diastolic blood pressure > 90th percentile but < 95th percentile or blood pressure levels > 120/80 mm
Hg) in youth ages 8 to 17 years was highest in with obesity (16.2 percent) compared to those who are
normal weight (5.4 percent) or overweight (10.9 percent) (Table D1.25). Diabetes in adults ages 20
years and above also increases with body mass index from 5.5 percent in those who are of normal
weight, to 9 percent in overweight and 20.3 percent in obese adults and is more prevalent in those with
abdominal obesity (men > 102cm (19.6 percent vs 8.3 percent); and > 88 cm in women (13.9 percent
vs 2.6 percent) (Table D1.23).

Data from 2001 to 2004 in children (ages 3 to 19 years) participating in the SEARCH for Diabetes in
Youth Study (SEARCH) show that 93 percent of youth with type 2 diabetes are ages 12 to 19 years.
The prevalence of obesity among youth with type 2 diabetes is 79.4 percent and an additional 10.4
percent are overweight (Table D1.26). The percentage of overweight among youth with type 2 diabetes
is not significantly different than rates in U.S. youth who do not have type 2 diabetes.”” However, the
prevalence of obesity among youth with type 2 diabetes (79.4 percent) is much higher than in U.S.
youth without type 2 diabetes (16.9 percent) (Table D1.26). The prevalence of obesity in those with
type 2 diabetes was higher in African Americans (91.1 percent), followed by American Indians (88
percent), and Hispanics (75 percent) in comparison to non-Hispanic white or Asian Pacific Islander
youths (about 68 percent for each) (Table D1.26).

For additional details on this body of evidence, visit:
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o Appendix E-2.18: Total cholesterol and high density lipoprotein cholesterol (HDL), adult ages
20 years and older, NHANES 2009 -2012

o Appendix E-2.19: Low density lipoprotein cholesterol (LDL-C) and triglycerides, adults ages
20 years and older, NHANES 2009-2012

e Appendix E-2.20: Prevalence of high blood pressure, adults ages 18 years and older, NHANES
2009-2012

o Appendix E-2.21: Total diabetes, adults ages 20 years and older, NHANES 2009-2012

o Appendix E-2.22: Total cholesterol, high density lipoprotein cholesterol (HDL), and non-HDL-
cholesterol, children and adolescents ages 6-19 years, NHANES 2009-2012

o Appendix E-2.23: Low density lipoprotein cholesterol (LDL-C) and triglycerides, adolescents
ages 12-19 years, NHANES 2009-2012

e Appendix E-2.24: Prevalence of high and borderline high blood pressure (BP), children and
adolescents ages 8-17 years, NHANES 2009-2012

Question 17: What are the current rates of nutrition-related health outcomes (i.e.,
incidence of and mortality from cancer [breast, lung, colorectal, prostate] and
prevalence of CVD, high blood pressure, diabetes, bone health, congenital anomalies,
neurological and psychological illness) in the overall U.S. population?

Source of evidence: Data analysis

Conclusion

Adults have high rates of nutrition-related chronic diseases, including high blood pressure, CVD,
diabetes, and various forms of cancer. Children and adolescents also have nutrition-related chronic
diseases, including borderline high blood pressure and type 2 diabetes. At all ages, rates of chronic
disease risk are linked to overweight and obesity. The rates of these chronic diseases vary by
race/ethnicity and income status. Prevalence of osteoporosis and of low bone mass increases with age,
particularly in post-menopausal women. Among the less common health outcomes:

« Nutrition-related neurological and psychological conditions are a growing concern.

« Congenital anomalies are a relatively rare, but important pregnancy outcome.

Implications

Given the high rates of nutrition-related chronic diseases in the adult population and rising rates in
youth, it is imperative to develop prevention policies and programs that target all age groups and
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address nutrition and lifestyle issues with evidence-based interventions that are appropriate for delivery
in multiple settings.

Qualified professionals should deliver multidisciplinary interventions and medical nutrition therapies,
as appropriate, that are effective in reducing nutrition-related chronic diseases.

More studies are needed to understand the complex etiology of congenital anomalies and neurological
and psychological conditions, and factors that influence bone health as well as healthy outcomes of
pregnancy so as to inform potential dietary choices by the U.S. population.

Review of the Evidence

To reach these conclusions, the DGAC examined evidence from NHANES 2007-2010 and 2009-2012
(see Appendix E-2.18: Total cholesterol and high density lipoprotein cholesterol (HDL), adults ages
20 years and older, NHANES 2009-2012, Appendix E-2.19: Low density lipoprotein cholesterol
(LDL-C) and triglycerides, adults ages 20 years and older, NHANES 2009-2012, Appendix E-2.20:
Prevalence of high blood pressure, adults ages 18 years and older, NHANES 2009-2012, Appendix
E-2.21: Total diabetes, adults ages 20 years and older, NHANES 2009-2012, Appendix E-2.22: Total
cholesterol, high density lipoprotein cholesterol (HDL), and non-HDL-cholesterol, children and
adolescents ages 6-19 years, NHANES 2009-2012, Appendix E-2.23: Low density lipoprotein
cholesterol (LDL-C) and triglycerides, adolescents ages 12-19 years, NHANES 2009-2012,
Appendix E-2.24: Prevalence of high and borderline high blood pressure (BP), children and
adolescents ages 8-17 years, NHANES 2009-2012), the National Health Interview Survey (NHIS)
2012,”® SEARCH for Diabetes in Youth Study,” American Heart Association, 2014 report,® and the
Surveillance, Epidemiology, and End Results (SEER) Program of the National Cancer Institute.2’ The
DGAC also examined evidence from CDC’s population-based birth defects surveillance system,*
Alzheimer’s Association 2014 Facts and Figures,®* and published data by CDC authors.®®

Cardiovascular Diseases

Cardiovascular diseases, including coronary heart disease, hypertension, and stroke, affect an
estimated 83.6 million (35.3 percent) men and women ages 20 years and older in the United States.®
CVD increases with age, meaning that about half of those with CVD, 42.2 million adults, are ages 60
years and older.® Rates of coronary heart disease also vary by race/ethnicity and income. Coronary
heart disease is most prevalent in Hispanics (7.8 percent of those reporting the disease) and Native
Americans (including Alaskan natives 12.5 percent) adults.”® Stroke is most prevalent in Native
Americans (4.3 percent of those reporting the disease) and African Americans (3.9 percent).’
Coronary heart disease rates are inversely related to income. Rates are about 9.8 percent and 7.7
percent in those with lower income (less than 100 percent of the poverty threshold and 100 to 199
percent, respectively) compared to those with higher income (200 percent and greater of the poverty
threshold; 1.9 percent). Stroke also is more prevalent in those with incomes less than 100 percent of
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the poverty threshold (4.8 percent) and 100 to 199 percent of the poverty threshold (3.7 percent)
compared to those with higher incomes (1.9 percent).”

The prevalence of elevated blood pressure (measured systolic pressure of at least 140 mm Hg or
diastolic pressure of at least 90 mm Hg and/or taking antihypertensive medication), in adults ages 18
years and older (29 percent) is similar in adult men (29.8 percent) and women (28.3 percent) and varies
by age and race/ethnicity (Table D1.27). Rates of elevated blood pressure are highest in adults ages 60
years and older (66.3 percent), and African Americans (41.5 percent), relative to non-Hispanic whites
(27.9 percent) or Hispanics (26.1 percent) (Table D1.27). A similar pattern is seen in youth ages 8 to
17 years, with borderline high blood pressure in 8.3 percent overall (Table D1.25). Boys (12 percent)
are much more likely to have borderline high blood pressure than are girls (4.6 percent), as are those
ages 13 to 17 years (12.4 percent) compared to those ages 8 to 12 years (3.8 percent), and African
Americans (12.1 percent) compared to non-Hispanic whites (7.2 percent) and Hispanics (8.5 percent)
(Table D1.25).

Diabetes

Total diabetes (type | plus type I1) is the sum of self-reported diabetes and undiagnosed diabetes.
Diagnosed diabetes was obtained by self-report and excludes women who reported having diabetes
only during pregnancy. Undiagnosed diabetes was defined as fasting plasma glucose of at least 126
mg/dL or a hemoglobin A1C value of at least 6.5% and was not reported as a physician diagnosis. The
prevalence of diabetes in U.S. adults, is 14 percent for men and 10.8 percent for women 20+ years of
age (Table D1.27). Rates increase with age, to 26 percent for adults ages 60 years and older, and are
higher in African Americans (18.4 percent) and Hispanics (19.3 percent) compared to non-Hispanic
whites (9.8 percent) (Table D1.27). Between 2001 and 2009, rates of type 2 diabetes in children and
adolescents ages 10 to 19 years increased 30.5 percent’® and the disease now affects about 1 in 2,000
youth (0.46 per 1000) (Table D1.28). In 2009, type 2 diabetes appeared to be more common in girls
than boys (0.58, vs. 0.35 /1000 youth), in older adolescents (ages15 to 19 years; 0.68) compared to
those ages 10 to 14 years (0.23), and in American Indian (1.2), African American (1.06), and Hispanic
(0.79) youth compared to non-Hispanic Whites (0.17) (Table D1.28).

Nutrition-related Major Cancers

Breast cancer: Breast cancer represents approximately 14 percent of all new cancer cases and 6.8
percent of all cancer deaths in the United States. In 2011, an estimated 2,899,726 (2.9 million) women
in the United States had a history of breast cancer. About 232,670 new cases of breast cancer and
40,000 deaths from this disease are estimated for 2014. Breast cancer is the third leading cause of
cancer death in the U.S.%% ® New cases of breast cancer are highest in the middle age and older women
(about 22, 25.5, and 21.3 percent of new cases occur in women ages 45 to 54, 55 to 64 and 65 to 74
years, respectively) (Table D1.29) and in non-Hispanic white women (128/100,000 women per year),
followed by African American (122.8/100,000 women). The death rate from this disease is also highest
among women ages 55 to 84 years old (ranges 20.6 percent to 21.7 percent of deaths) and African
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Americans (30.6 of death/100,000), followed by non-Hispanic white women (21.7/100,000) (Table
D1.29).

Prostate cancer: Prostate cancer represents approximately 14 and 5 percent of all new cancer cases
and all cancer death, respectively in U.S. men. In 2011, an estimated 2,707,821 (2.7 million) men had a
history of prostate cancer. About 233,000 new cases of prostate cancer and 29,480 deaths from this
disease are estimated for 2014. Prostate cancer is the fifth leading cause of cancer death in the United
States.® % New cases of prostate cancer are most prevalent in older men (about 32.7, 36.3 and 16.8
percent of new cases in men ages 55 to 64, 65 to 74, and 75 to 84 years, respectively) (Table D1.29)
and African American (223.9 of new cases/100,000 men). The death rate from this disease is highest
among men ages 75 to 84 years old (36.8 percent of deaths) and African Americans (48.9/100,000)
(Table D1.29).

Colorectal cancer: Colorectal cancer represents approximately 8.2 and 8.6 percent of all new cancer
cases and all cancer death, respectively in the United States. In 2011, an estimated 1,162,426 (1.2M)
adult men and women had a history of colorectal cancer. About 136,830 new cases of colorectal cancer
and 50,310 deaths from this disease are estimated for 2014, respectively. Colorectal cancer is the
second leading cause of cancer death in the United States.?*® The incidence (new cases) of this
cancer is more common in men than women and is more common in those older than age 55 years
(highest frequency observed among those ages 65 to 74 years (23.9 percent) (Table D1.29) and in
African Americans (62.3 and 47.5 new cases/100,000 persons in African American men and women,
respectively). The death rate from this disease also is highest in people older than age 55 years old
(highest frequency observed among those ages 75 to 84 years old (27.3 percent of deaths) and in
African American (27.7, and 18.5 deaths/100,000 persons in men and women, respectively) (Table
D1.29).

Lung and Bronchus cancer: Lung and bronchus cancer represents approximately 13.5 and 27.2
percent of all new cancer cases and all cancer deaths, respectively in the United States. In 2011, an
estimated 402,326 people had a history of lung and bronchus cancer. About 224,210 new cases of lung
and bronchus cancer and 159,260 deaths from this disease are estimated in 2014, respectively. This
cancer is the first leading cause of cancer death in the United States.®* %" The incidence of lung and
bronchus cancer is more common in men than women and is more common in those older than age 55
years (highest frequency observed among those ages 65 to 74 years (31.7 percent) in African American
men (93 new cases/100,000 persons), and in white women (53.8/100,000 persons) (Table D1.29). The
death rate from this disease also is higher in older people (highest frequency observed among those
ages 65 to 84 years (about 30 percent of deaths) and in African American men (75.7 deaths/100,000
persons), and non-Hispanic white women (39.8/100,000 persons) (Table D1.29).
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Bone Health

Approximately 10 million (10.3 percent) American adults ages 50 years and older were reported to
have osteoporosis (defined as T-score < -2.5 at either the femoral neck or the lumbar spine) and 43
million (44 percent) to have low bone mass (defined as T-scores between -1.0 and -2.5 at either
skeletal site) in NHANES 2005-2010 (Table D1.30). A higher percent of women are affected by
osteoporosis (15 percent) and low bone mass (51 percent) than men (about 4 percent and 35 percent,
respectively). Osteoporosis increases with advancing age, occurring in about 35 percent in women ages
80 years and older compared to 26 percent in those ages 70 to 79 years old. The prevalence of low
bone mass is similar in women ages 50 to 59 year and 80 years and older (ranges from 49 to 53
percent). Osteoporosis and low bone mass are more prevalent in Mexican American (20 percent, 48
percent) and non-Hispanic white (16 percent, 53 percent) relative to African American (8 percent, 36
percent) women (Table D1.30).

Congenital Anomalies

Each year, about 3 percent (one in every 33 babies) is born with spina bifida (without anencephaly);
cleft lip (with and without cleft palate), or cleft palate (without cleft lip).% The estimated national
prevalence of spina bifida was 3.17 per 10,000 live births in 1999-2007.2! During this same time
period, the prevalence of having a baby with spina bifida was reported to be more common in Native
Americans/Alaska Natives (4.02/10,000 live birth), followed by Hispanics (3.8/10,000), non-Hispanic
whites (3.09/10,000), African-Americans (2.73/10,000), and Asian/Pacific Islanders (1.2/10,000).%
The estimated national prevalence of cleft palate and cleft lip is 5.67 and 9.3 per 10,000 live birth,
respectively.® The prevalence of both of these congenital anomalies was highest in non-Hispanic
Native Americans/Alaskan Natives (20/10,000 [cleft lip] and 6.5/10,000 [cleft palate]), and was lowest
in African-Americans (6/10,000 [cleft lip] and 4.2/10,000 [cleft palate]).®*

Congenital heart defects affect about 40,000 births (about 1 percent of births) per year in the United
States.®® The number of babies with congenital heart defects, especially those forms that are less
severe (ventricular septal defects and atrial septal defects), is increasing compared to the total number
of births, while the prevalence of other types has remained stable.®

Neurological and Psychological Conditions

There are numerous types of neurological and psychological conditions, and the DGAC focused only
on depression and Alzheimer’s disease. The prevalence of depression was estimated at 8 percent for
the U.S. population ages 12 years and older in the NHANES 2007-2010 survey.” Depression is higher
in females (10 percent) than in males (6 percent), and highest in those ages 40 to 59 years (12 percent
women, 7 percent men).”® Depression also is reported to be higher in African Americans (8 percent),
followed by Mexican-Americans (6.3 percent) and non-Hispanic whites (4.8 percent) (NHANES 2005
-2006).*
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In 2014, about 3.2 million women and 1.8 million men in the United States, ages 65 years and older
are reported to be living with Alzheimer’s disease.® This disease is most prevalent in those ages 75 to
84 years (44 percent of those with Alzheimer’s) and those ages 85 years and older (38 percent).®?
About 63, 59, and 30 percent of those ages 85 years and older with Alzheimer’s disease are reported to
be Hispanics (primarily Caribbean-American), African Americans, and non-Hispanic white adults,
respectively.® It has been projected that the number of people with Alzheimer’s disease will increase
by about threefold from 4.8 million in 2010 to 13.7 million in 2050.%

For additional details on this body of evidence, visit:

Appendix E-2.18: Total cholesterol and high density lipoprotein cholesterol (HDL), adult ages 20
years and older, NHANES 2009-2012

Appendix E-2.19: Low density lipoprotein cholesterol (LDL-C) and triglycerides, adults ages 20
years and older, NHANES 2009-2012

Appendix E-2.20: Prevalence of high blood pressure, adults ages 18 years and older, NHANES
2009-2012

Appendix E-2.21: Total diabetes, adults ages 20 years and older, NHANES 2009-2012

Appendix E-2.22: Total cholesterol, high density lipoprotein cholesterol (HDL), and non-HDL-
cholesterol, children and adolescents ages 6-19 years, NHANES 2009 -2012

Appendix E-2.23: Low density lipoprotein cholesterol (LDL-C) and triglycerides, adolescents ages
12-19 years, NHANES 2009-2012

Appendix E-2.24: Prevalence of high and borderline high blood pressure (BP), children and
adolescents ages 8-17 years, NHANES 2009-2012

SEER Cancer Statistics Review, 1975-2011. Available from:
http://seer.cancer.gov/csr/1975 2011/.

SEER Stat Fact Sheets: Breast Cancer. Available from:
http://seer.cancer.gov/statfacts/html/breast.html.

SEER Stat Fact Sheets: Colon and Rectum Cancer. Available from:
http://seer.cancer.gov/statfacts/html/colorect.html.

SEER Stat Fact Sheets: Lung and Bronchus Cancer. Available from:
http://seer.cancer.gov/statfacts/html/lungb.htmi.

SEER Stat Fact Sheets: Prostate Cancer. Available from:
http://seer.cancer.gov/statfacts/html/prost.html.

Summary health statistics for U.S. adults: National Health Interview Survey, 2012. Available from:
http://www.cdc.gov/nchs/data/series/sr_10/sr10_260.pdf.
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« Respondent-reported prevalence of heart disease, cancer, and stroke among adults aged 18 and
over, by selected characteristics: United States, average annual, selected years 1997-1998 through
2011-2012. Available from: http://www.cdc.gov/nchs/data/hus/2012/044.pdf.

e 2014 Alzheimer's disease facts and figures: includes a special report on women and Alzheimer’s
disease. Alzheimers Dement. 2014;10(2):131-68. PMID: 22404854. Available from:
http://www.alz.org/downloads/facts_figures_2014.pdf.

« Facts about Birth Defects [updated October 20, 2014]. Available from:
http://www.cdc.gov/ncbddd/birthdefects/facts.html.

e Depression in the United States household population, 2005-2006. NCHS Data Brief. 2008(7):1-8.
PMID: 19389321. Available from: http://www.cdc.gov/nchs/data/databriefs/db07.pdf.

o Congenital Heart Defects. Data and Statistics. Atlanta, GA [updated July 9, 2014; cited 2014
September 2]. Available from: http://www.cdc.gov/ncbddd/heartdefects/data.html.

o Prevalence of Current Depression Among Persons Aged >= 12 Years, by Age Group and Sex
United States, National Health and Nutrition Examination Survey, 2007-2010. Morbidity and
Mortality Weekly Report (MMWR). 2014;60(51):1747. Available from:
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6051a7.htm?s_cid=mm6051a7_w.

DIETARY PATTERNS COMPOSITION

Dietary patterns with positive health benefits are described as high in vegetables, fruit, whole grains,
seafood, legumes, and nuts; moderate in low- and non-fat dairy products; lower in red and processed
meat; and low in sugar-sweetened foods and beverages and refined grains. The primary dietary
patterns examined and described in Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and
Health Outcomes included both a priori, investigator-derived scoring systems such as DASH/OMNI,
Mediterranean diet scores, and the Healthy Eating Index, as well as data-driven approaches using
factor/cluster analysis or reduced rank regression. The findings presented come from controlled
intervention trials, cohort studies, and nested case-control studies. The DGAC examined these patterns
in an attempt to quantify, for the first time, the approximate amounts of each food group in these
patterns. The DGAC also examined the range of and commonalities across food group intakes in
healthy dietary patterns and compared these ranges to the range of usual adult consumption in the
United States and to the range recommended by the USDA Food Patterns.
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Question 18: What is the composition of dietary patterns with evidence of positive
health outcomes (e.g., Mediterranean-style patterns, Dietary Approaches to Stop
Hypertension-style patterns, patterns that closely align with the Healthy Eating Index,
and vegetarian patterns), and of patterns commonly consumed in the United States?
What are the similarities (and differences) within and among the dietary patterns with
evidence of positive health outcomes and the commonly consumed dietary patterns?

Source of evidence: Data analysis

Conclusions

Dietary patterns with varying food group composition, but certain common elements were observed
across intervention and cohort studies to have health benefits. A healthful diet can be achieved by
following any of these dietary patterns.

In general, the ranges of intake in dietary patterns with positive health benefits are very close to those
recommended by the USDA Food Patterns, but amounts of some specific food groups vary across the
various diet pattern types.

o DASH-style diets, Mediterranean-style diets, and the USDA Food Patterns are similar with
respect to amounts of fruits and vegetables, and the OMNI diets are slightly higher than the
USDA Food Patterns.

o Dairy intake is comparable between DASH-style diets and the USDA Food Patterns, but dairy
is lower for Mediterranean-style diets than for the USDA Food Patterns.

¢ Red and processed meats are higher in the Mediterranean-style diets but lower in the DASH-
style diet than is recommended by the USDA Food Patterns.

o Seafood intake is similar in DASH-style and higher in Mediterranean-style diets than in the
USDA Food Patterns.

The data from the intervention trials and the cohort studies examined provide empirical data that the
USDA Food Patterns provide an evidence-based guide to healthy patterns of food consumption.

Implications

The quality of the diets currently consumed by the U.S. population is suboptimal overall and has major
adverse health consequences. Several options exist for dietary patterns that can be followed to improve
the population’s diet quality. The approaches that can be taken are varied and can be adapted to
personal and cultural preferences. The ability to offer the U.S. population alternative dietary pattern
options and to tailor them to personal preferences may increase the likelihood of long term success of
maintaining a healthy diet pattern, ultimately leading to improved health in the U.S. population.
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Review of the Evidence

The DGAC analyzed data on food group composition reported in research articles on dietary patterns
and health outcomes. These articles were drawn from those included in the questions on dietary
patterns and health examined by the Committee (see Part D. Chapter 2: Dietary Patterns, Food and
Nutrients, and Health Outcomes). The studies reported in that chapter D2 were reviewed to identify
those that reported semi-quantitative data on food group intakes among the sample or population group
with positive health outcomes (Table D1.31).%***? These sample or population groups included the
intervention group in intervention studies, the highest category (usually the top quintile) in cohorts and
nested case-control studies measuring diet with an a priori index, or a specific cluster or factor analysis
group. Approximate quantified food group intakes for these subsets of the population or samples with a
beneficial health outcome were identified. These intakes were converted to grams per day if not
reported this way in the original manuscripts. Then, all data were converted to grams per 1000 calories
to allow for comparisons across studies.

For comparison to usual intake levels of each food group in the United States., data from NHANES
2007-2010 for usual intake by adult age/sex groups* in cup or ounce equivalents were converted into
grams using average weights based on Food Patterns Equivalents Database (FPED) data.*® *® The
gram weights were divided by the usual calorie intake for that group, and multiplied times 1000 for an
estimate of the food group intake per 1000 calories for each adult age/sex group. The range of these
intakes was used as a comparator. For comparison to the food group amounts recommended in the
USDA Food Patterns (also called the Healthy U.S.-style Patterns; see Question 20) the recommended
amount for adult age/sex groups in the patterns at 1600 to 2400 calories were converted to grams per
1000 calories by the same procedure used for the usual intakes (see Figures D1.56 to D1.60).

Vegetable intake in the OMNI diets was higher than both the USDA Food Patterns and current
consumption estimates, but DASH-style, PREDIMED, most of the Mediterranean scores, and data
driven approaches were very similar to vegetable amounts recommended by the USDA Food Patterns.
Fruit intake was higher in the OMNI diets and PREDIMED relative to the USDA Food Patterns and
current consumption, but DASH, the Mediterranean score diets, and many of the data driven scores are
all within the range of the USDA Food Pattern recommendations. Dairy intakes in OMNI, DASH, and
some of the Mediterranean and data driven scores were all within the ranges recommended by the
USDA Food Patterns, while PREDIMED and some other scores had lower intakes of dairy.
Consumption of red and processed meats was higher in PREDIMED and in some studies using
Mediterranean diet scores relative to the USDA Food Patterns, whereas several cohorts using data-
driven approaches to assessing diet patterns reported ranges of red and processed meat intake that
aligned very well with the USDA Food Pattern recommendations. Intakes of red and processed meat
were lower in the OMNI and DASH dietary interventions than in either the USDA Food Patterns or the
range of usual intake in the United States. Seafood intakes for the OMNI diets and some of the data-
driven dietary pattern studies aligned very well with the USDA Food Patterns. Seafood intake ranges
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for all the other studies were much higher than both the USDA Food Patterns and the ranges of usual
intake in the United States.

For additional details on this body of evidence, visit:

e Usual Dietary Intakes: Food Intakes, U.S. Population, 2007-10: Applied Research Program.
National Cancer Institute; [updated May 22, 2014]. Available from:
http://appliedresearch.cancer.gov/diet/usualintakes/pop/2007-10/.

e Appendix E-3.1: Adequacy of the USDA Food Patterns

Question 19: To what extent does the U.S. population consume a dietary pattern that
is similar to those observed to have positive health benefits [e.g., Mediterranean-style
pattern, Dietary Approaches to Stop Hypertension (DASH)-style patterns, patterns that
closely align with the Healthy Eating Index, and vegetarian patterns] overall and by
age/sex and race/ethnic groups?

Source of evidence: Data analysis

Conclusion

Data from WWEIA show that the average HEI score in the U.S. population is 57 points out of a total
of 100 points. The best scores (average scores) were observed for the following components: total
protein foods (average score of 100 percent of possible points), seafood and plant protein (84 percent
of possible points), and dairy (69 percent of possible points), while the poorest scores were observed
for whole grains (25 percent of possible points), sodium (37 percent of possible points), fatty acid ratio
(41 percent of possible points), greens and beans (46 percent of possible points), and empty calories
(60 percent of possible points).

Young children ages 2 to 3 years and middle aged and older adults (ages 51 years and older) have the
best HEI scores (total scores of 63 percent and 66 percent, respectively), while preadolescents and
adolescents have the poorest HEI scores (total scores of 49 percent and 48 percent, respectively).

Implications

To improve diet quality, the U.S. population should replace most refined grains with whole grains,
decrease sodium, decrease saturated fat, consume fewer calories from added sugars, and replace these
calories with more varied vegetable choices, seafood, plant proteins, and low-fat dairy.

Young children and middle-aged and older adults have the highest HEI scores. These positive healthy
eating habits should continue to be encouraged. Because preadolescents and adolescents have the
lowest HEI scores, significant intervention is needed at the level of the individual, family, school, day
care, and community settings to help this age group adopt and maintain healthful dietary patterns.
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2699
2700 Review of the Evidence

2701  The DGAC examined mean HEI scores and component scores for the entire U.S. population ages 2
2702  years and older (see Appendix E-2.25: Average Healthy Eating Index-2010 scores for Americans
2703  ages 2 years and older). These data were examined for the entire population, for males and females
2704  and by age subgroups. In general, the best scores for the HEI components were for protein and seafood
2705  and plant proteins, while the poorest score was for whole grains. For nearly all of the component
2706  scores as well as the total HEI score, females tended to have better scores than males, indicating
2707  slightly healthier dietary patterns in females compared to males. Analyses by age showed that the
2708  youngest and oldest segments of the population had the best component and total HEI scores (Figure
2709 D1.61). For these groups, the component scores were very good to excellent for total fruit and whole
2710  fruit. Young children also had excellent scores for dairy, and middle-aged and older adults had

2711  excellent scores for total protein and seafood and plant protein. All age groups have poor scores for
2712  whole grains.

2713

2714  Data were not available to examine how closely the U.S. population’s dietary patterns align with a
2715  Mediterranean-style or DASH-style dietary pattern.

2716

2717  For additional details on this body of evidence, visit:

2718 e Healthy Eating Index, Center for Nutrition Policy and Promotion. Available from:

2719 http://www.cnpp.usda.gov/HealthyEatingindex.

2720 e Appendix E-2.25: Average Healthy Eating Index-2010 scores for Americans ages 2 years and
2721 older (National Health and Nutrition Examination Survey 2009-2010)

2722

2723  Question 20: Using the Food Pattern Modeling process, can healthy eating patterns
2724  for vegetarians and for those who want to follow a Mediterranean-style dietary pattern
2725 be developed? How do these patterns differ from the USDA Food Patterns previously
2726 updated for potential inclusion in the 2015 DGAs?

2727  Source of evidence: Food Pattern Modeling
2728
2729 Conclusion

2730  Food Pattern Modeling demonstrates that healthy eating patterns can be achieved for a variety of
2731  eating styles, including the “Healthy U.S.-style Pattern,” the “Healthy Mediterranean-style Pattern,”
2732  and the “Healthy Vegetarian-style Pattern”. Although some differences exist across the three eating
2733  patterns, comparable amounts of nutrients can be obtained using nutrient dense foods while

2734  maintaining energy balance.

2735
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Implications

The U.S. population has a variety of options to help achieve healthful eating patterns that adhere to the
Dietary Guidelines. These include the Healthy U.S.-style Pattern, Mediterranean-style Pattern, or
Vegetarian Patterns. (Detailed information on these patterns can be found in Table D1.32 and
Appendix E-3.7: Developing Vegetarian and Mediterranean-style Food Patterns.) These diets meet
nutritional goals without excess calories and use a variety of foods. Importantly, these diets reflect the
range of foods that can be used to achieve a healthful eating pattern, and they support the inclusion of
diverse foods that are consistent with personal, cultural and religious preferences. These diets can be
used in a variety of settings, including homes, schools, worksites, health care facilities, and places of
worship.

Review of the Evidence

These conclusions were reached based on the results of the Food Pattern Modeling analysis for
vegetarian and Mediterranean-style food patterns. Data from WWEIA from self-reported vegetarians
were used to inform the vegetarian eating pattern (Figure D1.62) and data from the Dietary Patterns
composition project reviewed above were used to select foods for the Mediterranean-style pattern.*?

From three dietary patterns (“Healthy U.S.-style,” “Healthy Mediterranean-style Patter,” and “Healthy
Vegetarian Pattern”), selected food group intakes across calorie levels were compared (Table D1.32).
Notably, fruit and seafood were higher in the Mediterranean-style diet, while dairy was lower, based
on the data presented above (Figures D1.56 to D1.60). For the Vegetarian Pattern, meat and seafood
are absent, but eggs and dairy are included because self-reported vegetarians in WWEIA reported
consumption of these foods. Legumes, nuts/seeds, and processed soy are all higher in the Vegetarian
Pattern compared to the Healthy U.S.-style and the Healthy Mediterranean-style Patterns.

When comparing nutrient intake across these three dietary patterns, as a percent of the RDA using a
woman age 19 to 30 years as an example, modest difference emerged (Table D1.33). The Vegetarian
pattern is lower in sodium and all three patterns are low in vitamin D.

For additional details on this body of evidence, visit:

e Usual Dietary Intakes: Food Intakes, US Population, 2007-10: Applied Research Program.
National Cancer Institute; [updated May 22, 2014]. Available from:
http://appliedresearch.cancer.gov/diet/usualintakes/pop/2007-10/.

e Appendix E-3.7: Developing Vegetarian and Mediterranean-style Food Patterns
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CHAPTER SUMMARY

The DGAC conducted data analyses to address a series of questions related to the current status and
trends in the Nation’s dietary intake. The questions focused on: intake of specific nutrients and food
groups; food categories (i.e., foods as consumed) that contribute to intake; eating behaviors; and the
composition of various dietary patterns shown to have health benefits, including Mediterranean-style
diets, the Healthy US-style and DASH-style diets. These topics were addressed using data from the
WWEIA dietary survey, which is the dietary intake component of the ongoing NHANES. Food pattern
modeling using the USDA Food Pattern food groups also was used to address some of the questions of
interest. In addition, the DGAC examined the prevalence and trends of health conditions that may have
a nutritional origin, or where the course of disease may be influenced by diet.

The DGAC found that several nutrients are underconsumed and the Committee characterized them as
shortfall nutrients: vitamin A, vitamin D, vitamin E, vitamin C, folate, calcium, magnesium, fiber, and
potassium. For adolescent and premenopausal females, iron also is a shortfall nutrient. Important to
note, on the basis of nutrient biomarkers or health outcomes, calcium, vitamin D, fiber, and potassium
also are classified as nutrients of public health concern because their underconsumption has been
linked in the scientific literature to adverse health outcomes. Iron is included as a shortfall nutrient of
public health concern for adolescent females and adult females who are premenopausal due to the
increased risk of iron-deficiency in these groups. The DGAC also found that two nutrients—sodium
and saturated fat—are overconsumed by the U.S. population and that the overconsumption poses
health risks.

The majority of the U.S. population has low intakes of key food groups that are important sources of
the shortfall nutrients including vegetables, fruits, whole grains, and dairy. Furthermore, population
intake is too high for refined grains and added sugars. The data suggest cautious optimism about
dietary intake of the youngest members of the U.S. population because many young children ages 2 to
5 years consume recommended amounts of fruit and dairy. However, a better understanding is needed
on how to maintain and encourage the good habits that are started early in life. Analysis of data on
food categories, such as burgers, sandwiches, mixed dishes, desserts, and beverages, because they
represent such a large proportion of the calories consumed, are prime targets for reformulation to
increase population intake of vegetables, whole grains, and other underconsumed food groups and to
lower population intake of the nutrients sodium and saturated fat, and the food component refined
grains. Dramatically reducing the intake of sugar-sweetened beverages and limiting sweets and
desserts would help lower intakes the food component added sugars.

The U.S. population purchases its food in a variety of locations, including supermarkets, convenience
stores, schools, and the workplace, and consumes prepared food outside the home. The DGAC found
that while diet quality varies somewhat by the setting where food is obtained, overall, independent of
where the food is prepared or obtained, the diet quality of the U.S. population does not meet

recommendations for fruit, vegetables, dairy, or whole grains, and exceeds recommendations, leading
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to overconsumption, for the nutrients sodium and saturated fat, and the food components refined
grains, solid fats, and added sugars.

Obesity and chronic diseases with a nutritional origin are very common. The Nation must accelerate
progress toward reducing the incidence and prevalence of overweight and obesity and chronic disease
risk across the U.S. population throughout the lifespan and reduce the disparities in obesity and chronic
disease rates that exist in the United States for certain ethnic and racial groups and for those with lower
incomes.

The DGAC identified key aspects of several different dietary patterns that are associated with lower
risk of many nutrition-related outcomes such as cardiovascular disease, diabetes, some cancers,
psychological health and bone health. These patterns and their associated health benefits are described
in greater detail in the next chapter.

The DGAC had enough descriptive information from existing research and data to model three dietary
patterns and to examine their nutritional adequacy. These patterns are the Healthy U.S.-style Pattern,
the Healthy Mediterranean-style Pattern, and the Healthy Vegetarian Pattern. These patterns include
the components of a dietary pattern associated with health benefits.

The findings from this chapter and the remainder of the 2015 DGAC report can be used by individuals,
families, communities, schools, local, state and federal agencies and the food industry to address the
high prevalence of obesity and other nutrition-related health conditions in the United States and help
all sectors of the population consume a diet that is healthful, accessible, and affordable.

NEEDS FOR FUTURE RESEARCH

1. Expand WWEIA participation to include more respondents from race/ethnic minorities and non-
U.S. born residents.

Rationale: Very little is known about the dietary habits of many of the cultural subgroups in the
United States. This knowledge is essential to moving forward any nutrition programs for first and
second generation immigrants. More data on the impact of acculturation also are needed on food
and health behaviors. The number of participants in WWEIA using the derived acculturation
variable was too small for any analysis. Finally, “Hispanic” is a very broad term and a better
understanding is needed of the nutritional profiles (including shortfalls and excesses) across
various Spanish-speaking people in the United States, who come from different cultural
backgrounds with distinct eating patterns.

2. Include higher proportion of older Americans as respondents in WWEIA.
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Rationale: More data are needed on dietary intake of older adults; the sample sizes in WWEIA
were too small for any meaningful analyses for those older than the age of 71 years. In addition to
nutrient intake, additional information is needed on whether older adults are able to shop and cook,
whether polypharmacy plays a role in nutritional adequacy, and whether co-morbidities, such as
poor dentition, musculo-skeletal difficulties, arthralgias and other age-related symptoms, affect
their ability to establish and maintain proper nutritional status.

Increase the number of pregnant women as respondents in WWEIA.

Rationale: The number of pregnant women in WWEIA is currently too small to properly evaluate
the status and trends in food and nutrient intake in pregnant women. Since good nutrition in
pregnancy is critical to proper growth development of the infant it is critical to properly evaluate
food and nutrient intake, which will inform recommendations and public policies for pregnant
women.

Conduct research on nutrition transitions from childhood to shed light on how and why dietary
intake changes so rapidly from early childhood through pre-adolescence and adolescence, and to
identify the driving forces behind dietary intake change in these age groups and what programs are
most effective at maintaining positive nutrition habits established in very young children.

Rationale: Young children have better dietary intake than older children and adolescents. It is
important to maintain the positive gains made in early childhood and identify factors responsible
for the declines in intakes of fruit, dairy, and other food groups and increases in added sugars and
refined grains as children become enter the elementary school age years, as poor eating patterns in
elementary school seem to persist into adolescence and beyond.

Evaluate the effects of common variations in dietary patterns in small children on nutrient intakes.

Rationale: Children from 2 to 4 years of age have a highly variable diet and often do not fit readily
into the USDA Food Pattern food groups diet pattern analyses. Further information is needed to
understand the broad range of diets and supplement use in small children and how this relates to
nutrient intake and growth. Research is needed to better characterize their diets so that appropriate
guidance can be offered.

Increase the quantity and quality of food composition databases available for research.

Rationale: Accurate assessment of nutrient intake and trends over time in the U.S. population is
dependent upon the quality of food composition data. Tens of thousands of foods are available for
purchase and consumption in the United States, but accurate nutrient content data are available
only for less than 10,000 foods and are almost non-existent for many ready-to-eat and restaurant-
type foods. Analytic values from foods are needed on specific nutrients and components, such as
vitamin D, fiber, added sugars, and sodium. Improved food composition data also is critical for
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needed research to better define, identify, and quantify total grain, whole grain consumption, and
refined grain consumption in dietary studies.

Investigate the validity, reliability, and reproducibility of new biomarkers of nutrient intake and
biomarkers of nutritional status.

Rationale: Limited biomarkers are available and some that are available are difficult to interpret
due to other contributing factors to the biomarker measure (e.g., vitamin D is obtained in the diet
and is also endogenously synthesized).

Evaluate effects of fortification strategies and supplement use on consumer behavior related to the
intake of foods and supplements containing key nutrients, including calcium, vitamin D, potassium,
iron, and fiber

Rationale: The intake of key nutrients of concern is considerably affected by the rapidly evolving
marketplace of food fortification and supplementation. Understanding consumer behavior related
to fortification and supplementation would be important in predicting the effects of interventions
and marketplace changes in content of these nutrients. Special interest exists regarding fortification
strategies of foods, including whole grains and yogurts, in allowing individuals to reach the RDA
for vitamin D without using supplements. Data are needed on how supplements may help meet
nutrients shortfalls and/or how use of supplements may place individuals at risk of
overconsumption. Research on effective consumer guidance is needed.

Understand the rationale for and consequences of the use of supplements above the UL for
vitamins and minerals. Identify biochemical markers that would indicate the effects of high-dose
supplement use.

Rationale: Consumer use of high-dose supplements has increased. Understanding the influences
guiding this use would be helpful in considering how to educate consumers about safe upper intake
limits.

Develop a standardized research definition for meals and snacks.

Rationale: Multiple different criteria are used in studies to define a snack or meal occasion, such
as time of day, the types or amounts of food consumed, or subjective assessment by the study
respondent. Researchers should work toward a consensus on the use of standard definitions.

Understand better the concept of dietary patterns and design approaches to quantify the diet in
large population-based studies.

Rationale: More methodological work on dietary patterns is needed. For example, food frequency
questionnaires, which are used in most diet assessment studies, do not capture data on meal timing,
meal frequency, or the types of foods consumed together. Studies using diet recalls and records are
better at capturing specific foods and their quantities consumed (portion sizes) and the types of
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foods eaten together, but often these detailed assessment methods are not feasible for large
population-based studies. Quantification of food group intake is needed. In addition, dietary
patterns research encompasses a broader scope of issues than can e addressed by diet scores and
data drive approaches.

Consistently report the nutrients, foods, and food groups that are used to evaluate dietary patterns
in published studies.

Rationale: The current scientific literature evaluating dietary patterns and health is inconsistent in
its provision of dietary patterns composition information. This makes it difficult to compare, across
studies, the components of healthful patterns that are associated with health benefits.

Conduct population surveillance on the prevalence and trends of nutrition-related chronic diseases
including type 2 diabetes, cardiovascular disease, some cancers osteoporosis and neurocognitive
disorders.

Rationale: Current data on diabetes in adults cannot be stratified by disease type (type | or type II),
making it very difficult to monitor incidence and prevalence of type 2 diabetes. Continued
population surveillance is needed to effectively link nutritional factors with risk of these diseases.
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and Healthy Mediterranean-style) at the 2000 calorie level. Daily or weekly
amounts from selected food groups, subgroups, and components.

Nutrients in the three USDA Food Patterns (Healthy US Style, Healthy Vegetarian,
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Table D1.1 Mean intake of shortfall* and overconsumed** nutrients by age and race/ethnicity, for all ages 2+ WWEIA NHANES 2009-10.

Race/ethnicity n VitA* Vit Vit Vit Folate*  Calcium* Magne- Iron* Potas- Dietary Saturated Sodium**
and age (RAE) D* E* c* (DFE) sium* sium* fiber* fat**
HY HY HY mg HY mg mg mg mg 9 9 mg
Ages2to5
Non-Hispanic White 305 606 69 48 773 405 1081 214 11.2 2070 11.7 21.0 2295
Non-Hispanic Black 150 537 58 55 865 447 879 196 12.6 1956 11.2 19.8 2492
Mexican-American 237 644 73 43 848 450 1057 210 11.8 2141 12.1 194 2157
All Hispanic 332 606 72 44 922 439 1031 209 115 2144 11.7 18.7 2189
Ages6toll
Non-Hispanic White 371 618 6.3 59 649 519 1083 231 13.4 2151 13.6 23.2 2920
Non-Hispanic Black 229 582 53 6.2 96.1 526 981 227 14.4 2216 14 23.7 3032
Mexican-American 337 545 6 55 789 501 970 230 13.9 2175 15.3 22.6 2824
All Hispanic 474 550 59 55 784 518 985 231 13.9 2180 14.7 231 2913
Ages 12 to 19
Non-Hispanic White 425 611 59 72 675 578 1142 262 15.2 2364 14.3 271.7 3584
Non-Hispanic Black 275 502 41 72 106.7 498 974 234 14.1 2204 13 27.2 3348
Mexican-American 340 518 5 6.7 103.7 538 1074 267 15.4 2431 16.1 254 3454
All Hispanic 482 540 53 6.9 979 565 1081 265 15.7 2411 15.9 25.3 3434
Ages 20 and older
Non-Hispanic White 2786 682 54 84 86 559 1070 315 15.6 2868 17.3 26.9 3627
Non-Hispanic Black 1025 555 41 68 924 464 828 261 14.0 2364 13.6 25.2 3358
Mexican-American 1062 537 49 68 9738 525 975 320 15.1 2758 20.0 23.7 3368
All Hispanic 1647 525 48 6.7 1009 530 969 307 14.8 2711 18.4 23.6 3417
Ages 2 and older
Non-Hispanic White 3887 667 56 80 822 551 1079 299 15.2 2728 16.4 26.5 3511
Non-Hispanic Black 1679 549 43 6.7 943 473 865 251 14.0 2304 134 25.0 3273
Mexican-American 1976 545 53 64 952 518 997 291 14.7 2583 18.1 234 3206
All Hispanic 2935 537 52 64 971 526 992 284 14.5 2556 17.0 23.3 3252

Source: Food Surveys Research Group, Beltsville Human Nutrition Research Center, Agricultural Research Service, USDA. WWEIA Data Tables, NHANES
2009-2010. For standard errors, more nutrients and documentation, see: http://seprl.ars.usda.gov/Services/docs.htm?docid=18349
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Table D1.2 Usual Intakes from Food and Beverages compared to Dietary Reference Intakes -- females 19-50 years
old by pregnancy status. Mean intake and % below EAR, Al, or above UL from food and beverages, WWEIA
NHANES 2007-10.

Pregnancy % Below % Above
Nutrient status** n Mean EAR EAR UL UL
Energy (calorie/day) Non-pregnant 2957 1848
Pregnant 133 2131
Protein (g/day) Non-pregnant 2957 69.4
Pregnant 133 78.6
Dietary Fiber (g/day) Non-pregnant 2957 144 25 5
Pregnant 133 17.3 28 8*
Vitamin A (ug RAE/day)  Non-pregnant 2957 549 500 48 3000 <3
Pregnant 133 728 550 26* 3000 <3
Folate (ug DFE/day) Non-pregnant 2957 470 320 15 1000 <3
Pregnant 133 622 520 29* 1000 <3
Vitamin C (mg/day) Non-pregnant 2957 76.6 60 45 2000 <3
Pregnant 133 121.0 70 30 2000 <3
Vitamin D (ug/day) Non-pregnant 2957 3.9 10 >97 100 <3
Pregnant 133 5.6 10 90* 100 <3
Vitamin E -ATE (mg/day) Non-pregnant 2957 6.9 12 95
Pregnant 133 74 12 94*
Calcium (mg/day) Non-pregnant 2957 885 800 43 2500 <3
Pregnant 133 1123 800 24 2500 <3
Iron (mg/day) Non-pregnant 2957 13.2 8.1 16 45 <3
Pregnant 133 16.9 22 96* 45 <3
Al uL
Potassium (mg/day) Non-pregnant 2957 2277 4700 <3
Pregnant 133 2660 4700 <3
Sodium (mg/day) Non-pregnant 2957 3111 1500 >97 2300 84
(overconsumed nutrient) Pregnant 133 3523 1500 >97 2300 >97

*The values flagged with an asterisk (*) may be less reliable; interpret with caution **Non-pregnant includes non-
lactating.

Source: Food Surveys Research Group, Beltsville Human Nutrition Research Center, Agricultural Research Service,
USDA. For more detailed tables and standard errors, see usual intake tables for pregnant women in Appendix E-2.4.
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Table D1.3. Mean intake of nutrients of public health concern by income as a percentage of the poverty threshold,
for all ages 2+ WWEIA NHANES 2009-10
Income as % of poverty level

and age Dietary fiber Vitamin D Calcium Potassium
n g H9 mg mg
Less than 131% poverty:
Ages 2-5 431 10.9 6.9 992 2036
Ages 6-11 496 13.9 6.3 1073 2254
Ages 12-19 503 14.1 5.4 1060 2319
Ages 20+ 1755 15.5 4.7 942 2564
Ages 2+ 3185 14.8 52 977 2451
131-185% poverty:
Ages 2-5 93 12.3 6.8 1090 2160
Ages 6-11 145 12.9 5.8 955 2062
Ages 12-19 162 134 3.8 939 2096
Ages 20+ 743 15.6 4.7 971 2638
Ages 2+ 1143 14.9 4.8 973 2499
Over 185% poverty:
Ages 2-5 266 12.3 6.8 1057 2070
Ages 6-11 422 14.2 5.9 1052 2134
Ages 12-19 482 14.6 5.8 1126 2417
Ages 20+ 2730 17.7 5.3 1053 2866
Ages 2+ 3900 16.9 55 1061 2735

Source: Food Surveys Research Group, Beltsville Human Nutrition Research Center, Agricultural Research Service,
USDA. WWEIA Data Tables, NHANES 2009-2010. For standard errors, more nutrients and documentation, see:
http://seprl.ars.usda.gov/Services/docs.htm?docid=18349
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Table D1.4 Prevalence (%) of serum 25-hydroxyvitamin D (25(OH)D) concentration levels for the U.S. population aged 1 year and older, NHANES

Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

2003 -2006
Serum 25(0OH)D < 30 Serum 25(0OH)D < 40 Serum 25(OH)D 30 -< 50 Serum 25(0OH)D > 125
nmol/L* nmol/L* nmol/L* nmol/L*
%(95% conf interval) %(95% conf interval) %(95% conf interval) %(95% conf interval)
Total, 1 year and older 8.1(6.7-9.8) 17.2 (14.7 - 20.0) 23.6 (21.6 — 25.8) 0.9(0.6-1.2)
Sex
Male 6.3(5.0-7.9) 14.6 (12.3-17.4) 23.1(20.8 - 25.6) 0.4 (0.3-0.7)
Female 9.9(8.1-11.9) 19.6 (16.9 - 22.7) 24.1 (22.1-26.3) 1.3(0.9-1.9)
Age category (years)
1t05 0.7 (0.4-13) 2.7(1.8-4.0) 8.9(7.1-11.0) 8
6to 11 1.8 (1.3-2.6) 574.2-17.7) 14.1 (11.5-17.2) 8
121019 8.5(6.5-11.2) 17.1(13.8-21.0) 24.2 (21.3-27.3) 1.4(09-21)
20 -39 9.5(7.6-11.8) 19.7 (16.4 - 23.4) 26.2 (23.6 -29.0) 1.5(0.9-24)
40 -59 9.3(7.4-11.7) 20.0 (16.6 — 23.9) 25.0 (22.2 - 28.0) 0.6% (0.3-1.2)
60 + 8.8 (7.3-10.5) 17.8 (15.5-20.4) 25.5(23.7-27.4) 0.3+ (0.1-0.6)
Race/Ethnicity
Non-Hispanic Whites 3.6 (3.0-4.4) 9.4 (7.9-11.2) 18.1 (16.2 -20.2) 1.2(0.8-1.7)
Non-Hispanic Blacks 31.1(27.4-35.1) 51.6 (46.7 - 56.5) 39.5(37.3-41.7) 8
Mexican Americans 11.3 (8.7 -14.6) 24.4(20.1-29.3) 32.9 (29.6 - 36.4) 8

1 ng/ml = 2.5 nmol/L

* Serum 25(OH)D < 30 nmol/L = risk for deficiency
Serum 25(OH)D < 40 nmol/L = level set by IOM equal to EAR
Serum 25(OH)D between 30 -50 nmol/L = at risk of inadequacy
Serum 25(OH)D > 125 nmol/L = maybe reason for concern about excess

I Estimate flagged: 30% < RSE < 40% for the prevalence estimate
8 Estimate suppressed: RSE > 40% for the prevalence estimate
Source: Centers for Disease Control and Prevention. Second National Report on Biochemical Indicators of Diet and Nutrition in the U.S. Population. Atlanta,

GA: Centers for Disease Control and Prevention, U.S. Department of Health and Human Services; 2012. Available from:
http://www.cdc.gov/nutritionreport/pdf/Nutrition_Book _complete508_final.pdf.
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.5 Vitamin D: Food sources ranked by amounts of vitamin D and energy per standard food portions
and per 100 grams of foods

Standard Caloriesin ~ VitaminDin  Calories  Vitamin D

Food Portion Size Standard Standard per 100 per 100
Portion®  Portion (ug)' grams'  grams (ug)

Salmon, sockeye, canned 3 ounces 142 17.9 167 21.0
Trout, rainbow, farmed, cooked 3 ounces 143 16.2 168 19.0
Salmon, chinook, smoked 3 ounces 99 14.5 117 17.1
Swordfish, cooked 3 ounces 146 14.1 172 16.6
Sturgeon, mixed species, smoked 3 ounces 147 13.7 173 16.1
Salmon, pink, canned 3 ounces 117 12.3 138 14.5
Fish oil, cod liver 1tsp 41 11.3 902 250
Cisco, smoked 3 ounces 150 11.3 177 13.3
Salmon, sockeye, cooked 3 ounces 144 111 169 13.1
Salmon, pink, cooked 3 ounces 130 111 153 13.0
Sturgeon, mixed species, cooked 3 ounces 115 11.0 135 12.9
Whitefish, mixed species, smoked 3 ounces 92 10.9 108 12.8
Mackerel, Pacific and jack, cooked 3 ounces 171 9.7 201 114
Salmon, coho, wild, cooked 3 ounces 118 9.6 139 11.3
Mushrooms, portabella, exposed to UV~ %2 cup 18 7.9 29 13.1
light, grilled
Tuna, light, canned in oil, drained 3 ounces 168 5.7 198 6.7
Halibut, Atlantic and Pacific, cooked 3 ounces 94 4.9 111 5.8
Herring, Atlantic, cooked 3 ounces 173 4.6 203 5.4
Sardine, canned in oil, drained 3 ounces 177 4.1 208 4.8
Rockfish, Pacific, mixed species, 3 ounces 93 3.9 109 4.6
cooked
Whole milk? 1 cup 149 3.2 61 1.3
Whole chocolate milk? 1 cup 208 3.2 83 1.3
Tilapia, cooked 3 ounces 109 3.1 128 3.7
Flatfish (flounder and sole), cooked 3 ounces 73 3.0 86 35
Reduced fat chocolate milk (2%)° 1 cup 190 3.0 76 1.2
Yogurt (various types and flavors) ? 8 ounces 98-254 2.0-3.0 43-112 0.9-1.3
Milk (non-fat, 1% and 2%)° 1 cup 83-122 2.9 34-50 1.2
Soymilk? 1 cup 109 2.9 45 1.2
Low-fat chocolate milk (1%)? 1 cup 178 2.8 71 11
Fortified ready-to-eat cereals (various)®  1/3 -1 ¥ cup 74-247 0.2-2.5 248-443 0.8-8.6
Orange juice, fortified? 1 cup 117 25 47 1.0
Almond milk (all flavors)® 1 cup 91-120 2.4 38-50 1.0
Rice drink? 1 cup 113 2.4 47 1.0
Pork, cooked (various cuts) 3 ounces 122-390 0.2-2.2 143-459 0.2-2.6
Mushrooms, morel, raw Y cup 10 1.7 31 5.1
Margarine (various) 1 Thsp 75-100 15 533-717 10.7
Mushrooms, Chanterelle, raw Y cup 10 1.4 38 5.3
Egg, hard-boiled 1 large 78 1.1 155 2.2

ISource: U.S Department of Agriculture, Agricultural Research Service, Nutrient Data Laboratory. 2014. USDA
National Nutrient Database for Standard Reference, Release 27. Available at: http://www.ars.usda.gov/nutrientdata .
2Vitamin D fortified
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.6. Calcium: Food sources ranked by amounts of calcium and energy per standard food portions and

per 100 grams of foods
Standard Calories in Calcium in Calories  Calcium per

Food Portion Size  Standard Standard per 100 100 grams

Portion®  Portion (mg)®  grams® (mg)*
Fortified ready-to-eat cereals (various)* % -1 % cup 70-197 137-1000 234-394 455-3333
Pasteurized process American cheese 2 ounces 210 593 371 1045
Parmesan cheese, hard 1.5 ounces 167 503 392 1184
Plain yogurt, nonfat 8 ounces 127 452 56 199
Romano cheese 1.5 ounces 165 452 387 1064
Almond milk (all flavors)® 1 cup 91-120 451 38-50 188
Pasteurized process Swiss cheese 2 ounces 189 438 334 772
Tofu, raw, regular, prepared with Y cup 94 434 76 350
calcium sulfate
Gruyere cheese 1.5 ounces 176 430 413 1011
Vanilla yogurt, low-fat 8 ounces 193 388 85 171
Plain yogurt, low-fat 8 ounces 143 415 63 183
Pasteurized process American cheese 2 ounces 187 387 330 682
food
Fruit yogurt, low-fat 8 ounces 238 383 105 169
Orange juice, calcium fortified? 1 cup 117 349 47 140
Soymilk (all flavors) 2 1 cup 109 340 45 140
Ricotta cheese, part skim Y cup 171 337 138 272
Swiss cheese 1.5 ounces 162 336 380 791
Evaporated milk Y cup 170 329 135 261
Sardines, canned in oil, drained 3 ounces 177 325 208 382
Provolone cheese 1.5 ounces 149 321 351 756
Monterey cheese 1.5 ounces 159 317 373 746
Mustard spinach (tendergreen), raw 1 cup 33 315 22 210
Muenster cheese 1.5 ounces 156 305 368 717
Low-fat milk (1%) 1 cup 102 305 42 125
Mozzarella cheese, part-skim 1.5 ounces 128 304 301 716
Skim milk (nonfat) 1 cup 83 299 34 122
Reduced fat milk (2%) 1 cup 122 293 50 120
Colby cheese 1.5 ounces 167 291 394 685
Low-fat chocolate milk (1%) 1 cup 178 290 71 116
Cheddar cheese 1.5 ounces 173 287 406 675
Rice drink? 1 cup 113 283 47 118
Whole buttermilk 1 cup 152 282 62 115
Whole chocolate milk 1 cup 208 280 83 112
Whole milk 1 cup 149 276 61 113
Reduced fat chocolate milk (2%) 1 cup 190 273 76 109
Ricotta cheese, whole milk Y cup 216 257 174 207

ISource: U.S Department of Agriculture, Agricultural Research Service, Nutrient Data Laboratory. 2014. USDA
National Nutrient Database for Standard Reference, Release 27. Available at: http://www.ars.usda.gov/nutrientdata .

2Calcium fortified
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.7. Potassium: Food sources ranked by amounts of potassium and energy per standard food portions

and per 100 grams of foods

Standard  Calories in Potassiumin  Calories Potassium
Food Portion Standard Standard per 100 per 100
Size Portion®  Portion (mg)? grams®  grams (mg)
Potato, baked, flesh and skin 1 medium 163 941 94 544
Prune juice, canned 1 cup 182 707 71 276
Carrot juice, canned 1 cup 94 689 40 292
Passion-fruit juice, yellow or purple 1 cup 126-148 687 51-60 278
Tomato paste, canned Ya cup 54 669 82 1014
Beet greens, cooked from fresh Y cup 19 654 27 909
Adzuki beans, cooked Y cup 147 612 128 532
White beans, canned Y cup 149 595 114 454
Plain yogurt, nonfat 1 cup 127 579 56 255
Tomato puree Y2 cup 48 549 38 439
Sweet potato, baked in skin 1 medium 103 542 90 475
Salmon, Atlantic, wild, cooked 3 ounces 155 534 182 628
Clams, canned 3 ounces 121 534 142 628
Pomegranate juice 1 cup 134 533 54 214
Plain yogurt, low-fat 8 ounces 143 531 63 234
Tomato juice, canned 1 cup 41 527 17 217
Orange juice, fresh 1 cup 112 496 45 200
Soybeans, green, cooked Y cup 127 485 141 539
Chard, swiss, cooked Y cup 18 481 20 549
Lima beans, cooked Y cup 108 478 115 508
Mackerel, various types, cooked 3 ounces 114-171 443-474 134-201 521-558
Vegetable juice, canned 1 cup 48 468 19 185
Chili with beans, canned Y cup 144 467 112 365
Great northern beans, canned Y cup 150 460 114 351
Yam, cooked Y cup 79 456 116 670
Halibut, cooked 3 ounces 94 449 111 528
Tuna, yellowfin, cooked 3 ounces 111 448 130 527
Acorn squash, cooked Y cup 58 448 56 437
Snapper, cooked 3 ounces 109 444 128 522
Soybeans, mature, cooked Y cup 149 443 173 515
Tangerine juice, fresh 1 cup 106 440 43 178
Pink beans, cooked Y cup 126 430 149 508
Chocolate milk (1%, 2% and whole) 1 cup 178-208 418-425 71-83 167-170
Amaranth leaves, cooked Y cup 14 423 21 641
Banana 1 medium 105 422 89 358
Spinach cooked from fresh or canned Y cup 21-25 370-419 23 346-466
Black turtle beans, cooked Y cup 121 401 130 433
Peaches, dried, uncooked Y4 cup 96 399 239 996
Prunes, stewed Y cup 133 398 107 321
Rockfish, Pacific, cooked 3 ounces 93 397 109 467
Rainbow trout, wild or farmed, cooked 3 ounces 128-143 381-383 150-168 448-450
Skim milk (nonfat) 1 cup 83 382 34 156
Refried beans, canned, traditional Y cup 106 380 89 319
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.7. Potassium, continued

Standard Calories in Potassiumin  Calories Potassium

Food Portion Standard Standard per 100 per 100
Size Portion®  Portion (mg)? grams®  grams (mg)
Apricots, dried, uncooked Y4 cup 78 378 241 1162
Pinto beans, cooked Y cup 123 373 143 436
Lentils, cooked Y cup 115 365 116 369
Avocado Y cup 120 364 160 485
Tomato sauce, canned Y2 cup 30 364 24 297
Plantains, slices, cooked Y cup 89 358 116 465
Kidney beans, cooked Y cup 113 357 127 403
Navy beans, cooked Y cup 128 354 140 389

Source: U.S Department of Agriculture, Agricultural Research Service, Nutrient Data Laboratory. 2014. USDA
National Nutrient Database for Standard Reference, Release 27. Available at: http://www.ars.usda.gov/nutrientdata .
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.8. Dietary fiber: Food sources ranked by amounts of dietary fiber and energy per standard food

portions and per 100 grams of foods

Standard Caloriesin  Dietary fiber  Calories  Dietary fiber

Food Portion Size  Standard in Standard per 100  per 100 grams

Portion® Portion (g)'  grams (9)*
High fiber bran ready-to eat-cereal 13— Ya cup 60-81 9.1-14.3 200-260 29.3-47.5
Navy beans, cooked Y cup 127 9.6 140 10.5
Small white beans, cooked Y cup 127 9.3 142 10.4
Yellow beans, cooked Y cup 127 9.2 144 10.4
Shredded wheat ready-to-eat cereal 1-1 Yacup 155-220 5.0-9.0 321-373 9.6-15.0
(various)
Cranberry (roman) beans, cooked Y cup 120 8.9 136 10.0
Adzuki beans, cooked Y cup 147 8.4 128 7.3
French beans, cooked Y cup 114 8.3 129 9.4
Split peas, cooked Y cup 114 8.1 116 8.3
Chickpeas, canned Y cup 176 8.1 139 6.4
Lentils, cooked Y cup 115 7.8 116 7.9
Pinto beans, cooked Y cup 122 7.7 143 9.0
Black turtle beans, cooked Y cup 120 7.7 130 8.3
Mung beans, cooked Y cup 106 7.7 105 7.6
Black beans, cooked Y cup 114 7.5 132 8.7
Artichoke, globe or French, cooked Y cup 45 7.2 53 8.6
Lima beans, cooked Y cup 108 6.6 115 7.0
Great northern beans, canned Y cup 149 6.4 114 4.9
White beans, canned Y cup 149 6.3 114 4.8
Kidney beans, all types, cooked Y cup 112 5.7 127 6.4
Pigeon peas, cooked Y cup 102 5.6 121 6.7
Cowpeas, cooked Y cup 99 5.6 116 6.5
Wheat bran flakes ready-to-eat cereal % cup 90-98 4.9-55 310-328 16.9-18.3
(various)
Pear 1 medium 101 55 57 3.1
Pumpkin seeds, whole, roasted 1 ounce 126 5.2 446 18.4
Baked beans, canned, plain Y cup 119 5.2 94 4.1
Soybeans, cooked Y cup 149 5.2 173 6.0
Plain rye wafer crackers 2 wafers 73 5.0 334 22.9
Avocado Y cup 120 5.0 160 6.7
Broadbeans (fava beans), cooked Y cup 94 4.6 110 5.4
Pink beans, cooked Y cup 126 4.5 149 5.3
Apple, with skin 1 medium 95 4.4 52 2.4
Green peas, cooked (frsh, frzn, cnd) Y cup 59-67 3.5-4.4 69-84 4.1-55
Refried beans, canned Y cup 107 4.4 90 3.7
Chia seeds, dried 1 Thsp 58 4.1 486 34.4
Bulgur, cooked Y cup 76 4.1 83 4.5
Mixed vegetables, cooked from frozen % cup 59 4.0 65 4.4
Raspberries Y cup 32 4.0 52 6.5
Blackberries Y cup 31 3.8 43 5.3
Collards, cooked Y cup 32 3.8 33 4.0
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.8. Dietary fiber, continued

Standard Caloriesin  Dietary fiber  Calories  Dietary fiber

Food Portion Size  Standard in Standard per 100  per 100 grams

Portion' Portion (g)!  grams' ()
Soybeans, green, cooked Y cup 127 3.8 141 4.2
Prunes, stewed Y cup 133 3.8 107 3.1
Sweet potato, baked in skin 1 medium 103 3.8 90 3.3
Figs, dried Yacup 93 3.7 249 9.8
Pumpkin, canned Y cup 42 3.6 34 2.9
Potato, baked, with skin 1 medium 163 3.6 94 2.1
Popcorn, air-popped 3 cups 93 3.5 387 145
Almonds 1 ounce 164 35 579 12.5
Pears, dried Yacup 118 3.4 262 7.5
Whole wheat spaghetti, cooked Y cup 87 3.2 124 4.5
Parsnips, cooked Y cup 55 3.1 71 4.0
Sunflower seed kernels, dry roasted 1 ounce 165 3.1 582 111
Orange 1 medium 69 3.1 49 2.2
Banana 1 medium 105 3.1 89 2.6
Guava 1 fruit 37 3.0 68 5.4
Oat bran muffin 1 small 178 3.0 270 4.6
Pearled barley, cooked Y cup 97 3.0 123 3.8
Winter squash, cooked Y cup 38 2.9 37 2.8
Dates Ya cup 104 2.9 282 8.0
Pistachios, dry roasted 1 ounce 161 2.8 567 9.9
Pecans, oil roasted 1 ounce 203 2.7 715 9.5
Hazelnuts or filberts 1 ounce 178 2.7 628 9.7
Peanuts, oil roasted 1 ounce 170 2.7 599 9.4
Whole wheat paratha bread 1 ounce 92 2.7 326 9.6
Quinoa, cooked Y5 cup 111 2.6 120 2.8

Source: U.S Department of Agriculture, Agricultural Research Service, Nutrient Data Laboratory. 2014. USDA

National Nutrient Database for Standard Reference, Release 27. Available at: http://www.ars.usda.gov/nutrientdata .

Scientific Report of the 2015 Dietary Guidelines Advisory Committee

98


http://www.ars.usda.gov/nutrientdata

Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.9. Iron: Food sources ranked by amounts of iron and energy per standard food portions and per 100
grams of foods

Standard Calories in Ironin Calories Iron per

Food Portion Size Standard Standard per 100 100 grams

Portion® Portion (mg)*  grams (mg)*
Organ meats (spleen, liver, giblets, heart, 3 ounces 84-235 4.5-33.5 99-277 5.3-39.4
kidney or lung) various, cooked
Fortified ready-to-eat cereals (various) Y% -1 % cup 89-230 5.1-19.6 310-443 19.4-67.7
Fortified instant cereals (various), 1 cup 174-241 5.1-14.7 62-96 2.1-6.7
prepared
Clams, cooked, breaded and fried 3 ounces 172 11.8 202 13.9
Octopus, cooked, moist heat 3 ounces 139 8.1 164 9.5
Coconut milk, canned 1 cup 445 7.5 197 3.3
Tofu, raw, regular, prep. w/ Ca sulfate Y cup 94 6.6 76 5.4
Oysters, eastern, wild/farmed, cooked, 3 ounces 67 6.1-6.6 79 7.2-7.8
dry heat
Oysters, cooked, breaded and fried 3 ounces 169 5.9 199 7.0
Mussels, blue, cooked, moist heat 3 ounces 146 5.7 172 6.7
Liverwurst spread Y4 cup 168 4.9 305 8.9
Soybeans, mature, cooked Y cup 149 4.4 173 5.1
Chili with beans, canned Y cup 128 4.4 112 3.4
Beef, plate steak, boneless, outside skirt, 3 ounces 240-248 4.3-4.4 282-292 5.1-5.2
all grades, grilled2
Mushrooms, morel, raw Y cup 10 4.0 31 12.2
White beans, canned or cooked Y cup 125-149 3.3-3.9 114-139 3.0-3.7
Lentils, cooked Y cup 115 3.3 116 3.3
Spinach, cooked from fresh, frznorcnd % cup 21-32 1.9-3.2 23-34 2.0-3.6
Beef, shoulder pot roast, boneless, 0" fat, 3 ounces 167-173 3.1 196-204 3.5-3.6
all grades, braised?
Beef, loin, tenderloin steak, boneless, 0" 3 ounces 168-179 2.7-3.0 198-211 3.2-3.6
fat, all grades, grilled2
Ground beef (95% lean/5% fat), cooked 3 ounces 164 2.8 193 3.2
Black turtle beans, cooked Y cup 121 2.7 130 2.9
Kidney beans, cooked Y cup 113 2.6 127 2.9
Sardines, canned in oil, drained 3 ounces 177 2.5 208 2.9
Bagel, enriched 1 sm (3" dia) 182 2.5 264 3.6
Chickpeas, cooked Y cup 134 2.4 164 2.9
Pumpkin/squash seed kernels, roasted 1 ounce 163 2.3 574 8.1
Adzuki beans, cooked Y cup 147 2.3 128 2.0
Hearts of palm, canned Y cup 21 2.3 28 3.1
Yardlong beans, cooked Y cup 101 2.3 118 2.6
Lima beans, cooked Y cup 108 2.3 115 2.4
Tomato puree, canned Y2 cup 48 2.3 38 1.8
Navy beans, cooked Y cup 127 2.2 140 2.4
Cowpeas, cooked Y cup 100 2.2 116 2.5

ISource: U.S Department of Agriculture, Agricultural Research Service, Nutrient Data Laboratory. 2014. USDA
National Nutrient Database for Standard Reference, Release 27. Available at: http://www.ars.usda.gov/nutrientdata.
’Lean and fat or lean only
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.10. USDA Food Intake Patterns (Healthy U.S.-Style Patterns) recommended daily intake amounts, weekly amounts for vegetable and protein
foods subgroups.

Energy Level of

Pattern” 1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800 3,000 3,200
Food Group
Fruits 1lc lc 1% ¢ 1% ¢ 1% ¢ 2c¢C 2¢C 2¢C 2¢C 2% ¢ 2% ¢ 2% ¢
Vegetables lc 1% ¢ 1% c 2¢c 2% c 2% ¢ 3c 3c 3%c 3%c 4c 4c
Dark green n 1 1 1% 1% 1% 2 2 21 21 21 21
vegetables (c/wk)
Red/Orange 21 3 3 4 5% 51 6 6 7 7 v v

vegetables (c/wk)
Dry beans and

Y Yo Yo 1 1Y% 1Y% 2 2 2% 2% 3 3
peas(c/wk)
Starchy vegetables 5 31 31 4 5 5 5 5 7 7 3 8
(c/wk)
Other vegetables 1% 2% 2%, 3% 4 4 5 5 5% 5% 7 7
(c/wk)

Grains 30zeq 4 0zeq 50zeq 50zeq 6o0zeq 6o0zeq 7o0zeq 8ozeq 9o0zeq 100zeq 10o0zeq 10 0z eq
Whole grains 1%0zeq 2o0zeq 2%ozeq 30zeq 30zeq 30zeq 3%ozeq 4o0zeq 4%o0zeq 50zeq 50zeq 50zeq
Other grains 1%0zeq 2o0zeq 2%o0zeq 20zeq 3o0zeq 3o0zeq 3%ozeq 4o0zeq 4%o0zeq 50zeq 50zeq 50zeq

1 1

Protein Foods 20zeq 3o0zeq 4 0zeq 50zeq 5o0zeq 522;2 60z eq 622;2 6% 0zeq 7o0zeq 7o0zeq 70zeq

Meat, poultry, eggs 10 14 19 23 23 26 28 31 31 33 33 33

(oz/wk)

Seafood (0z/wKk) 3 4 6 8 8 8 9 10 10 10 10 10

Nuts seeds, soy 2 2 3 4 4 5 5 5 5 6 6 6

(oz/wk)

Dairy 2c 25 ¢c 25 ¢c 3c 3c 3c 3c 3c 3c 3c 3c 3c

Oils 159 179 179 22 ¢ 24 ¢ 274 299 31¢g 344 369 44 g 51g

Limits for:

Solid fats 109 79 79 8¢ 119 18¢g 18¢ 239 259 269 31g 40g

Added Sugars 179 12¢g 13g 149 199 30g 329 399 439 459 539 699

*Food group amounts shown in cup (c) or ounce equivalents (0z eq). Oils, solid fats, and added sugars are shown in grams (g).
Notes continue on next page.
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends
Table D1.10. USDA Food Intake Patterns (Healthy U.S.-Style Patterns), continued

Quantity equivalents for each food group are:

e Grains, 1 ounce equivalent is: ¥ cup cooked rice, pasta, or cooked cereal; 1 ounce dry pasta or rice; 1 slice bread; 1 small muffin (1 0z); 1 cup RTE
cereal flakes.

e Fruits and vegetables, 1 cup equivalent is: 1 cup raw or cooked fruit or vegetable, 1 cup fruit or vegetable juice, 2 cups leafy salad greens.

e Protein Foods, 1 ounce equivalent is: 1 ounce lean meat, poultry, or fish; 1 egg; ¥ cup cooked dry beans or tofu; 1 Thsp peanut butter; ¥ ounce nuts
or seeds.

e Milk, 1 cup equivalent is: 1 cup milk or yogurt, 1% ounces natural cheese such as Cheddar cheese or 2 ounces of processed cheese.

Source: Center for Nutrition Policy and Promotion, USDA. USDA Food Patterns. For more information see Appendix E-3.1: Adequacy of the USDA Food
Patterns
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.11. Energy levels used for assignment of individuals to USDA Food Intake Patterns

Moderately
Sedentary’  Moderately  Active® Females, Sedentary’ Active? Active®
Males, age Male® Active’ Male Male age Female Female Female

2 1000 1000 1000 2 1000 1000 1000

3 1000 1400 1400 3 1000 1200 1400

4 1200 1400 1600 4 1200 1400 1400

5 1200 1400 1600 5 1200 1400 1600

6 1400 1600 1800 6 1200 1400 1600

7 1400 1600 1800 7 1200 1600 1800

8 1400 1600 2000 8 1400 1600 1800

9 1600 1800 2000 9 1400 1600 1800
10 1600 1800 2200 10 1400 1800 2000
11 1800 2000 2200 11 1600 1800 2000
12 1800 2200 2400 12 1600 2000 2200
13 2000 2200 2600 13 1600 2000 2200
14 2000 2400 2800 14 1800 2000 2400
15 2200 2600 3000 15 1800 2000 2400
16 2400 2800 3200 16 1800 2000 2400
17 2400 2800 3200 17 1800 2000 2400
18 2400 2800 3200 18 1800 2000 2400
19-20 2600 2800 3000 19-20 2000 2200 2400
21-25 2400 2800 3000 21-25 2000 2200 2400
26-30 2400 2600 3000 26-30 1800 2000 2400
31-35 2400 2600 3000 31-35 1800 2000 2200
36-40 2400 2600 2800 36-40 1800 2000 2200
41-45 2200 2600 2800 41-45 1800 2000 2200
46-50 2200 2400 2800 46-50 1800 2000 2200
51-55 2200 2400 2800 51-55 1600 1800 2200
56-60 2200 2400 2600 56-60 1600 1800 2200
61-65 2000 2400 2600 61-65 1600 1800 2000
66-70 2000 2200 2600 66-70 1600 1800 2000
71-75 2000 2200 2600 71-75 1600 1800 2000
76 and up 2000 2200 2400 76 and up 1600 1800 2000

'Sedentary means a lifestyle that includes only the physical activity of independent living.

“Moderately Active means a lifestyle that includes physical activity equivalent to walking about 1.5 to 3 miles per day at 3
to 4 miles per hour, in addition to the activities of independent living.

®Active means a lifestyle that includes physical activity equivalent to walking more than 3 miles per day at 3 to 4 miles per
hour, in addition to the activities of independent living.

Source: Center for Nutrition Policy and Promotion, USDA. USDA Food Patterns. Available at
http://www.cnpp.usda.gov/sites/default/files/usda food patterns/EstimatedCalorieNeedsPerDayTable.pdf
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.12. Percent of total energy intake from the 32 as-consumed food subcategories,* NHANES 2009-10.

Subcategory

% of total energy
consumption

Cumulative %

BURGERS, SANDWICHES, and TACOS
DESSERTS and SWEET SNACKS
SUGAR-SWEETENED and DIET BEVERAGES
RICE, PASTA, GRAIN-BASED MIXED DISHES
CHIPS, CRACKERS, and SAVORY SNACKS
PI1ZZA

MEAT, POULTRY, SEAFOOD MIXED DISHES
VEGETABLES ( Incl. Beans and Peas, not Starchy)
ALCOHOLIC BEVERAGES

STARCHY VEGETABLES

YEAST BREADS AND TORTILLAS

HIGHER FAT MILK/YOGURT

BREAKFAST CEREALS AND BARS
POULTRY (Not incl. Deli and Mixed Dishes)
CANDY AND SUGARS

FRUIT (non-juice)

MEATS (Not incl. Deli and Mixed Dishes)
LOWFAT MILK/YOGURT

QUICK BREADS (Biscuits, Muffins, Pancakes, Waffles)

100% FRUIT JUICE

NUTS, SEEDS, AND SOY

EGGS

RICE AND PASTA

COFFEE AND TEA

SPREADS

SOUPS

DELI/CURED PRODUCTS (Meat and Poultry)
CHEESE

SEAFOOQOD (Not incl. Mixed Dishes)
CONDIMENTS AND GRAVIES
SALAD DRESSINGS

WATERS

13.8
8.5
6.5
55
4.6
43
3.9
3.8
3.8
3.8
3.8
3.5
3.5
3.3
3.1
2.7
2.1
1.9
1.9
1.8
1.7
15
15
1.4
1.3
1.3
1.3
1.3
11
0.7
0.3
0.0

13.8
22.3
28.8
34.3
38.9
43.2
47.1
50.9
54.8
58.6
62.4
65.8
69.3
72.6
75.6
78.4
80.5
82.4
84.4
86.2
87.9
89.4
90.8
92.3
93.6
95.0
96.3
97.6
98.7
99.4
99.7
99.7

*Collapsed from the 150 WWEIA Food Categories.

Note: does not total to 100% because baby foods and formulas are not included.
Source: Analysis of What We Eat in America (WWEIA) Food categories for NHANES 2009-10, population ages 2+. (see

Appendix E-2.9)
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Table D1.13. Percent of individuals consuming 1, 2, or 3 meals per day, and number of snacks consumed, by age/sex groups, NHANES 2009-2010

Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

3meals 3 meals 3 meals 2 meals + 1meal+ 1 meal+
3 meals +<1 +2-3 +>4 2meals 2 meals+ 2-3 2meals+ 1 meal <1 2-3 1 meal +
total snack snacks snacks total <1 snack snacks >4 snacks  total snack snacks >4 snacks

% % % % % % % % % % % %
Males:
Ages 2-5 84 9 42 32 16 1 8 7 1 0 0 1
Ages 6-11 73 17 37 19 22 4 10 8 5 1 2 1
Ages 12-19 57 14 27 15 36 8 17 11 8 2 3 2
Ages 20-29 49 10 28 11 39 9 16 14 12 1 6 4
Ages 30-39 59 10 27 22 34 7 17 10 7 2 4 1
Ages 40-49 60 10 32 18 33 4 18 11 6 1 1 4
Ages 50-59 64 11 31 21 31 5 14 13 5 1 3 1
Ages 60-69 72 13 38 21 24 5 13 4 0 0 1
Ages 70+ 64 18 34 12 32 7 18 3 1 1 2
20+ 60 12 31 18 33 6 16 11 7 0 1 2
Females:
Ages 2-5 84 9 38 36 15 1 7 7 1 0 0 0
Ages 6-11 68 15 40 13 30 4 14 12 3 0 1 2
Ages 12-19 49 11 27 10 41 13 19 9 10 1 5 4
Ages 20-29 55 13 23 18 38 8 18 12 7 1 4 3
Ages 30-39 63 9 30 24 34 7 19 7 3 1 1 1
Ages 40-49 64 14 31 20 29 5 12 12 7 1 2 4
Ages 50-59 69 14 28 26 29 4 11 14 3 1 1 1
Ages 60-69 72 8 36 28 26 3 14 2 0 1 1
Ages 70+ 70 19 32 18 29 7 14 1 0 1 0
20+ 65 13 30 22 31 6 15 11 4 1 2 2
M/F 2+ 63 12 31 20 31 6 15 10 5 1 2 2

Source: Food Surveys Research Group, Beltsville Human Nutrition Research Center, Agricultural Research Service, USDA. WWEIA Data Tables, NHANES

2009-2010. For standard errors and documentation, see: http://seprl.ars.usda.gov/Services/docs.htm?docid=18349
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.14. Percent of individuals skipping specific meals, by age/sex groups, NHANES 2009-2010

% skipping % skipping % skipping
Age/sex breakfast lunch dinner
Males:
Ages 2-5 6 7 4
Ages 6-11 13 13 6
Ages 12-19 26 19 7
Ages 20-29 28 23 12
Ages 30-39 19 22 8
Ages 40-49 16 25 6
Ages 50-59 12 23 7
Ages 60-69 9 18 6
Ages 70+ 5 28 7
Females:
Ages 2-5 5 7 5
Ages 6-11 14 16 5
Ages 12-19 25 25 11
Ages 20-29 22 24 7
Ages 30-39 14 17 9
Ages 40-49 13 22 8
Ages 50-59 8 19 8
Ages 60-69 6 18 6
Ages 70+ 4 21 6
Males and Females ages 2+ 15 20 7

Source: Food Surveys Research Group, Beltsville Human Nutrition Research Center, Agricultural Research Service, USDA. WWEIA Data Tables, NHANES
2009-2010. For standard errors and documentation, see: http://seprl.ars.usda.gov/Services/docs.htm?docid=18349
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.15. Meal and snack intake over time—percent reporting consumption of each meal, by age/sex group, NHANES 2005-2006 to 2009-2010

Lunch Lunch Lunch Dinner Dinner Dinner  Snacks Snacks  Snacks
Breakfast Breakfast Breakfast 2005- 2007- 2009- 2005- 2007- 2009- 2005- 2007- 2009-
2005-2006 2007-2008  2009-2010 2006 2008 2010 2006 2008 2010 2006 2008 2010

% % % % % % % % % % % %
Males:
Ages 2-5 96 94 94 92 91 93 96 96 96 99 98 97
Ages 6-11 91 87 87 88 90 87 97 94 94 98 95 96
Ages 12-19 71 74 74 78 81 81 92 88 93 93 95 92
Ages 20-29 69 72 72 73 82 77 88 91 88 98 94 96
Ages 30-39 82 81 81 85 77 78 90 89 92 95 95 96
Ages 40-49 83 84 84 79 79 75 94 94 94 99 97 97
Ages 50-59 88 88 88 79 80 77 92 91 93 95 98 97
Ages 60-69 91 91 91 74 74 82 95 91 94 94 95 94
Ages 70+ 95 95 95 74 70 72 92 94 93 94 93 94
Ages 20+ 83 84 84 78 78 77 92 92 92 96 95 96
Females:
Ages 2-5 97 95 95 91 90 93 95 95 95 96 97 97
Ages 6-11 90 86 86 88 91 84 96 94 95 97 98 98
Ages 12-19 71 75 75 80 82 75 92 89 89 94 95 94
Ages 20-29 74 78 78 79 81 76 89 94 93 94 96 95
Ages 30-39 88 86 86 83 77 83 92 92 91 97 95 97
Ages 40-49 85 87 87 79 82 78 93 94 92 97 98 94
Ages 50-59 92 92 92 81 83 81 94 95 92 98 98 97
Ages 60-69 93 94 94 79 76 82 95 94 94 98 99 97
Ages 70+ 96 96 96 79 78 79 93 93 94 93 94 94
Ages 20+ 87 88 88 80 80 80 93 94 93 96 97 96
M/F Ages 2+ 85 85 85 80 81 80 93 92 93 96 96 96

Source: Food Surveys Research Group, Beltsville Human Nutrition Research Center, Agricultural Research Service, USDA. WWEIA Data Tables, NHANES
2005-06, 2007-08, 2009-2010. For standard errors and documentation, see: http://seprl.ars.usda.gov/Services/docs.htm?docid=18349
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.16. Percent of energy from each meal and snack occasion over time, by age/sex group, NHANES 2005-2006 to 2009-2010

Breakfast Breakfast Breakfast Lunch Lunch Lunch Dinner Dinner Dinner  Snacks Snacks  Snacks
2005- 2007- 2009- 2005- 2007- 2009- 2005- 2007- 2009- 2005- 2007- 2009-
2006 2008 2010 2006 2008 2010 2006 2008 2010 2006 2008 2010

% % % % % % % % % % % %
Males:
Ages 2-5 19 20 20 26 24 26 27 27 26 28 28 28
Ages 6-11 17 19 19 26 27 26 30 29 31 26 25 25
Ages 12-19 14 15 15 26 26 25 35 33 33 26 26 26
Ages 20-29 15 15 15 24 26 25 34 34 34 28 26 26
Ages 30-39 15 15 15 29 25 24 32 35 36 24 22 25
Ages 40-49 15 15 15 22 24 22 39 37 37 24 23 25
Ages 50-59 16 16 16 23 25 22 38 36 37 23 23 25
Ages 60-69 19 19 19 21 21 23 39 37 39 21 24 20
Ages 70+ 22 22 22 21 19 20 38 38 39 18 20 19
Ages 20+ 16 16 16 24 24 23 36 36 36 24 23 24
Females:
Ages 2-5 20 19 19 24 23 24 26 26 27 30 29 29
Ages 6-11 19 19 19 26 27 24 31 30 33 24 26 24
Ages 12-19 14 16 16 25 27 25 35 30 33 26 28 26
Ages 20-29 15 16 16 26 25 23 33 36 35 26 25 25
Ages 30-39 17 18 18 26 23 25 34 35 33 23 25 24
Ages 40-49 16 17 17 24 24 23 37 36 35 23 25 24
Ages 50-59 18 18 18 25 24 23 37 37 36 21 23 23
Ages 60-69 19 18 18 22 22 22 39 36 37 20 23 23
Ages 70+ 22 21 21 22 24 24 36 37 38 20 19 18
Ages 20+ 17 18 18 24 24 23 35 36 35 23 24 23
M/F Ages
2+ 17 17 17 25 25 24 35 35 35 24 24 24

Source: Food Surveys Research Group, Beltsville Human Nutrition Research Center, Agricultural Research Service, USDA. WWEIA Data Tables, NHANES
2005-06, 2007-08, 2009-2010. For standard errors and documentation, see: http://seprl.ars.usda.gov/Services/docs.htm?docid=18349
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.17. Percent of nutrient intake from snacks by age/sex group, NHANES 2009-2010

Food Dietary Vitamin Potas- Saturated
energy Protein fiber Folate D Calcium  Iron  sium Sodium* Caffeine Fat*

Age/sex % % % % % % % % % % %
Males:
Ages 2-5 28 19 25 18 24 27 18 26 18 36 26
Ages 6-11 25 15 22 17 21 23 18 22 16 41 24
Ages 12-19 26 14 23 17 17 23 18 21 16 60 23
Ages 20-29 26 14 22 21 22 28 20 24 15 48 18
Ages 30-39 25 12 19 17 17 24 17 21 13 45 17
Ages 40-49 25 14 21 19 20 25 17 22 14 48 21
Ages 50-59 25 14 21 18 17 24 17 21 13 43 23
Ages 60-69 20 11 16 13 14 22 13 18 11 37 17
Ages 70+ 19 10 16 11 9 19 11 17 9 41 18
Females:
Ages 2-5 29 21 28 17 29 32 19 29 18 44 30
Ages 6-11 24 14 25 17 14 19 19 20 16 39 23
Ages 12-19 26 16 26 20 19 26 21 24 19 47 24
Ages 20-29 25 14 21 16 18 25 17 22 15 39 23
Ages 30-39 24 13 22 14 16 24 15 22 14 42 20
Ages 40-49 24 14 19 18 17 28 18 22 14 40 24
Ages 50-59 23 13 20 17 15 23 17 20 13 42 22
Ages 60-69 23 14 19 14 16 26 15 21 13 42 24
Ages 70+ 18 10 15 11 13 20 11 16 10 35 18

*Qverconsumed nutrient
Source: Food Surveys Research Group, Beltsville Human Nutrition Research Center, Agricultural Research Service, USDA. WWEIA Data Tables, NHANES
2009-2010. For standard errors and documentation, see: http://seprl.ars.usda.gov/Services/docs.htm?docid=18349
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.18. Vegetable density (cup equivalents per 1000 calorie) for all vegetable subgroups, by point of purchase, NHANES 2003-2004 to 2009-2010

Point of purchase 2003-2004  2005-2006 2007-2008  2009-2010
DARK GREEN VEGETABLES (cup eg/1000 calorie)

Store 0.04 0.05 0.05 0.06
Restaurant 0.07 0.08 0.09 0.09
Quick serve restaurant 0.02 0.02 0.03 0.03
School/day care 0.01 0.02 0.01 0.02
Other 0.05 0.08 0.07 0.07
RED AND ORANGE VEGETABLES (cup eq/1000 calorie)

Store n/a 0.16 0.16 0.16
Restaurant n/a 0.23 0.23 0.20
Quick serve restaurant n/a 0.22 0.17 0.17
School/day care n/a 0.19 0.17 0.14
Other n/a 0.23 0.22 0.22
STARCHY VEGETABLES (cup eg/1000 calorie)

Store 0.20 0.18 0.20 0.19
Restaurant 0.23 0.24 0.26 0.24
Quick serve restaurant 0.24 0.22 0.23 0.23
School/day care 0.16 0.17 0.21 0.12
Other 0.22 0.23 0.25 0.25
OTHER VEGETABLES (cup eq/1000 calorie)

Store 0.20 0.20 0.20 0.22
Restaurant 0.44 0.42 0.42 0.38
Quick serve restaurant 0.26 0.28 0.23 0.25
School/day care 0.16 0.16 0.13 0.12
Other 0.32 0.33 0.27 0.35

Source: Analysis of food group content, expressed as Food Pattern Equivalents, by point of purchase for What We Eat in America, NHANES 2003-2004, 2005-
2006, 2007-2008, 2009-2010, population ages 2+ (see Appendix E-2.15).
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.19. Body mass index (BM1)*, by sex, age, and race/ethnicity, adults ages 20 years and older, NHANES
2009-2012

Normal weight Overweight Obese
% (SE) % (SE) % (SE)

All adults ages 20 y and older 29.6 (0.9) 33.3(0.8) 35.3(0.8)
Men 26.5 (1.1) 38.1(0.9) 34.5(1.1)
Women 32.6 (1.0) 28.8 (1.1) 36.0 (1.0)
Age group (years)
20-39 36.8 (1.8) 29.5(1.2) 31.5(1.3)
40-59 24.5 (1.0 35.9 (1.2) 38.0 (1.0)
>60 25.4 (1.1) 35.7 (1.1) 37.5(1.3)
Race/ethnicity**
Non-Hispanic White 31.2(1.2) 33.5(1.1) 33.4(1.1)
Non-Hispanic Black 21.7 (0.9) 27.7 (1.1) 48.7 (1.4)
Hispanic 21.0 (1.0 37.5(1.2) 40.8 (1.2)
Race/ethnicity by sex
Men
Non-Hispanic White 26.7 (1.5) 38.4(1.1) 34.3(1.3)
Non-Hispanic Black 28.5(1.1) 31.7 (1.5) 37.9(1.5)
Hispanic 19.4 (1.4) 415 (1.5) 38.5(1.5)
Women
Non-Hispanic White 35.7 (1.4) 28.8 (1.7) 32.5(1.5)
Non-Hispanic Black 16.2 (1.2) 245 (1.4) 57.5(1.7)
Hispanic 22.7(1.1) 33.5(1.4) 43.0 (1.5)

" Normal weight = 18.5 < BMI <25 kg/m?®; Overweight = 25< BMI <30 kg/m?; Obese= BMI = >30 kg/m”

Estimates are age-adjusted to the year 2000 standard population using three age groups: 20-39 years, 40-59 years, and 60
years and over; estimates are weighted; all pregnant women excluded from analysis. SE = standard error.

**Participants with a race-Hispanic origin categorized as “other” are included in overall estimates but are not separately
reported.

Source: Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition
Examination survey (NHANES). Body Mass Index, Adults 20 y and over, NHANES 2009 -2012.
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.20. Percent of overweight and obesity* by income in relation to poverty level, adults ages 20 years and older
Income as % of % Overweight % Obese % Overweight 9% Obese % Overweight % Obese % Overweight % Obese

poverty level 1988-1994 1988-1994 1999-2002 1999-2002 2003-2006 2003-2006 2007-2010 2007-2010
Below 100% 315 28.1 30 34.7 30.7 35 325 37.2
100%-199% 31.9 26.1 33.2 34.1 30.6 35.9 33.2 37.3
200%-399% 33.3 22.7 36.5 32.1 33.3 35.7 31.8 36.8

400% or more 33.7 18.7 36.7 255 35.8 28.9 35.6 31.3

*Qverweight = 25< BMI <30 kg/m”; Obese= BMI = >30 kg/m” .

Source: Centers for Disease Control and Prevention. National Center for Health Statistics. U.S. Department of Health and Human Services. Table 74. Healthy
weight, overweight, and obesity among persons 20 years of age and over, by selected characteristics: United States, selected years 1960-1962 through 2007—
2010. Health, United States, 2011. 2011. Available from: http://www.cdc.gov/nchs/data/hus/2011/074.pdf.
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.21. Trends in prevalence of abdominal obesity® among adults, by age, sex, and race/ethnicity, NHANES*

1999-2000  2001-2002  2003-2004 2005-2006 2007-2008 2009-2010 2011-2012
Overall 46.4 43.4 52.1 51.6 52.7 52.8 54.2
Men 37.1 39.1 425 448 43.4 43 435
Women 55.4 57.1 61.3 58.2 61.6 62.3 64.7
Age group (years)** Men
20-39 25.3 26.5 28.7 29.9 28.5 NA NA
40 - 59 41.8 43.9 49.8 52.7 49.4 NA NA
60 + 52.8 55 57.2 60.9 60.4 NA NA
Women
20-39 43.8 45.6 48.5 46.2 51.3 NA NA
40 - 59 60.3 59.9 66.7 63.5 65.5 NA NA
60 + 69.1 73.5 76.3 72.4 73.8 NA NA
Race/ethnicity Overall Non-Hispanic White 45.8 48.4 51.8 51.2 53.3 52.3 53.8
Non-Hispanic Black 52.4 52.3 57.5 57.1 57.4 60.2 60.9
Mexican American 48.1 49.9 55 51.4 55.5 58.4 57.4
Men
Non-Hispanic White 38.6 42.4 45.1 46.2 46.6 45.3 445
Non-Hispanic Black 31.5 30.6 35.1 40 38.9 39.5 41.5
Mexican American 35.8 345 38 34.8 41.6 43.4 43.2
Women
Non-Hispanic White 52.9 54.1 57.9 56.3 59.7 59.3 63.3
Non-Hispanic Black 69.7 70.1 75.7 71 72.3 77.7 75.9
Mexican American 60.2 66.9 73.8 70.5 71 75.5 71.6

@Abdominal obesity, as measured by waist circumference (WC) is defined as WC >102 cm in men and >88 cm in women

*All data from 1999 -2012, except age group —source: Ford ES, Maynard LM, Li C. Trends in mean waist circumference and abdominal obesity among US

adults, 1999-2012. JAMA. 2014;312(11):1151-3. PMID: 25226482. http://www.ncbi.nlm.nih.gov/pubmed/25226482.
**Age group data only available from 1999 -2008 — source: Ford ES, Li C, Zhao G, Tsai J. Trends in obesity and abdominal obesity among adults in the United
States from 1999-2008. Int J Obes (Lond). 2011;35(5):736-43. PMID: 20820173. http://www.ncbi.nlm.nih.gov/pubmed/20820173.
Age adjustment was performed using the direct method using the projected year 2000 US population aged 20 years or older.

NA = data not available.
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.22. Body mass index (BM1) * among children and adolescents ages 2 to 19 years, NHANES 2009-2012

Normal weight Overweight Obese
% (SE) % (SE) % (SE)

Total 64.8 (0.8) 14.9 (0.6) 16.9 (0.6)
Sex
Boys 63.7 (1.0) 14.9 (0.8) 17.6 (0.9)
Girls 65.9 (1.3) 14.9 (0.8) 16.1 (0.7)
Age group (years)
2-5 72.1 (1.5) 14.5 (1.3) 10.2 (0.9)
6-11 62.7 (1.1) 15.5 (0.8) 17.9 (0.9)
12-19 62.7 (1.2) 14.6 (0.8) 194 (1.1)
Race/ethnicity**
Non-Hispanic White 68.2 (1.2) 14.1 (1.0) 14.0 (1.0)
Non-Hispanic Black 60.0 (1.4) 14.9 (0.7) 221 (1.2)
Hispanic 58.4 (0.9) 17.2 (0.7) 21.8 (0.6)
Boys
Non-Hispanic White 66.8 (1.6) 145 (1.5) 14.4 (1.5)
Non-Hispanic Black 61.2 (1.8) 13.6 (1.1) 219 (1.4)
Hispanic 57.1 (1.3) 16.4 (0.9) 23.7 (1.0)
Girls
Non-Hispanic White 69.8 (1.9) 13.7 (1.4) 13.6 (1.2)
Non-Hispanic Black 58.7 (2.0) 16.3 (1.3) 22.3 (2.0)
Hispanic 59.7 (1.2) 18.0 (0.9) 19.8 (1.1)

th th th th th
*5 -84 percentile = normal weight; 85 - 94 percentile = overweight; >95 percentile = obese.

**Race-Hispanic origin classified as “other” not separately reported by included in overall estimates. Analyses based on age at the time of exam and exclude
pregnant women.

SE = standard error.

Source: Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition Examination survey (NHANES). Body
Mass Index Among Children and Adolescents Ages 2 — 19 years, NHANES 2009 -2012.
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.23. Hypertension, lipid profile, and diabetes by body mass index (BM1) and waist circumference, adults ages 20 years and older, NHANES
2009-2012

cho-:—eosttzlrolf HDL-C* LDL-C'  Triglycerides’ Hypertension*@? Diabetes**®
% (SE) % (SE) % (SE) %(SE) % (SE) % (SE)
> 240 mg/dl < 40 mg/dl >160 mg/dl ~ >200 mg/dl
BMI®
Normal weight 12.1(0.8) 8.5(0.7) 8 (0.8) 4.8 (0.7) 20.0 (1.1) 5.5 (0.8)
Over weight 15.2 (1) 18.8 (1) 12 (1.2) 12 (0.8) 26.4 (0.8) 9.0 (0.9)
Obese 11.7 (0.6) 30.2 (1.3) 11.2 (0.8) 17.2 (1.6) 39.2(0.8) 20.3(1.2)
Waist Circumference (cm)*
Men <102, Women < 88 12.1(0.8) 13.7 (0.8) 8 (0.9) 7.6 (0.8) 21.2 (0.9) 6.0 (0.9)
Men >102, Women >88 13.4 (0.6) 24.9(1.1) 12.1(0.9) 14.8 (1.3) 34.6 (0.6) 16.2 (0.9)
BMI, waist circumference (cm) by sex
Men
Normal weight 9.7 (1.1) 14.2 (1) 8.3 (1.3) 7(1.4) 20.1(1.2) 8.8 (1.6)
Over weight 13.7 (1) 26.8 (1.7) 11 (1.5) 15.6 (1.4) 28.1(1.3) 10.0 (1.3)
Obese 10.9 (0.9) 42.2 (1.7) 10.2 (1.1) 20.2 (1.9) 39.1(1.2) 21.6 (1.6)
<102 cm 12 (1) 20.4 (1.1) 9.3(0.9) 10.8 (1.2) 23.3(1) 8.3(1.2)
>102 cm 11.3(1) 40.3 (1.6) 11 (1.3) 20.4 (2) 37.2(1) 19.6 (1.3)
Women
Normal weight 13.6 (1.1) 4.3(0.7) 7.7 (0.9) 3.2(0.7) 19.9 (1.3) 3.2(0.7)
Over weight 16.7 (1.4) 8.6 (0.9) 12.8 (1.5) 7(1.1) 24.3 (1) 7.8 (0.8)
Obese 12.3(0.8) 18.9 (1.4) 11.9(1.2) 14.2 (1.9) 39.2 (1) 19.2 (1.1)
<88 cm 12.1(1.1) 3.6 (0.5) 59(1.2) 2.4 (0.6) 17.8 (1.3) 2.6 (0.6)
> 88 cm 14.9 (0.7) 14.9 (1) 12.8 (0.9) 11.2 (1.2) 32.9(0.7) 13.9(0.9)

* Adults ages 18 years and older.

@ Hypertension is defined as having measured systolic pressure of at least 140 mm Hg or diastolic pressure of at least 90 mm Hg and/or taking antihypertensive
medication. Estimates are based on the average of up to 3 measurements.

**Total diabetes is the sum of self-reported diabetes and undiagnosed diabetes. Diagnosed diabetes was obtained by self-report and excludes women who
reported having diabetes only during pregnancy. Undiagnosed diabetes is defined as fasting plasma glucose (FPG) of at least 126 mg/dL or a hemoglobin Alc of
at least 6.5% and no reported physician diagnosis. Respondents had fasted for at least 8 hours and less than 24 hours. The definition of undiagnosed diabetes was
based on recommendations from the American Diabetes Association. For more information, see Standards of medical care in diabetes — 2010. Diabetes Care
2010: 33 (suppl 1): S11-S61.

Notes continue on next page
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.23, continued

*BMI= 18.5-24.9 kg/m® = normal weight; BMI =25-29.9 kg/m?= overweight; BMI = >30 kg/m?= obese.

&Abdominal obesity, as measured by waist circumference (WC) is defined as WC >102 cm in men and >88 cm in women
SE = standard error.

Source —

“Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition Examination survey (NHANES). Total
cholesterol and high density lipoprotein cholesterol (HDL), adult 20 years and over, NHANES 2009 -2012.

ICenters for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition Examination survey (NHANES). Low density
lipoprotein cholesterol (LDL-C) and triglycerides, adults 20 years and over, NHANES 2009-2012.

“Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition Examination survey (NHANES). Prevalence of
high blood pressure, adults 18 years and over, NHANES 2009-2012.

“Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition Examination survey (NHANES). Total
diabetes, in adults 20 years and over, NHANES 2009 -2012.
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.24. Lipid profile by weight status, among children and adolescents, NHANES 2009-2012

Total cholesterol*** HDL-C** LDL-C**#© Triglycerides***¢
>200 mg/dL <40 mg/dL > 130 mg/dL > 130 mg/dL
% (SE) % (SE) % (SE) % (SE)

Body mass index (BMI)
Normal weight 6.9 (0.7) 7.7 (0.6) 6.7 (1.4) 6.5 (1.2)
Overweight 7.1(1.2) 16.4 (2.3) 8.0(2.1) 11.4 (2.7)
Obese 11.3(1.5) 30.5(2.5) 6.8 (1.8) 24.1(3.4)
Weight Status by Sex
Boys
Normal weight 5.1 (0.7) 8.8 (1.1) 6.1(2.0)® 5.8 (1.4)
Overweight 5.3 (1.4) 16.9 (3.2) 7.5(2.7)® 11.6 (2.9)
Obese 13.2(2.4) 35.1(2.6) 8.8 (3.0)¢ 38.6 (5.0)
Girls
Normal weight 8.7(1.1) 6.5 (0.9) 7.3(1.8) 7.2 (2.5)°
Overweight 9.1(2.1) 15.8 (2.6) + 11.2 (4.4)°
Obese 9.1(1.9) 25.5(3.7) 4.6(1.8)° 7.9 (2.4)

Analyses based on age at exam and exclude pregnant adolescents. Estimates are weighted.

$Cut-point criteria based on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children and Adolescents .

“Data for children and adolescents ages 6 to 19 years old.

“Data for children and adolescents ages 12 — 19 years old.

*LDL-C calculated using the Friedewald equation (which is valid when triglyceride <400 mg/dL).

Normal weight = 5th-84™ percentile; overweight = 85th-94™ percentile; obese = >95™ percentile.

C@Relative standard error (RSE)>30 but < 40; + = RSE>40.

SE = standard error.

Sources:

“Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition Examination survey (NHANES). Total
cholesterol, high density lipoprotein cholesterol (HDL), and non-HDL-cholesterol among children and adolescents ages 6 —19 years, NHANES 2009 -2012.
“Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition Examination survey (NHANES). Low density
lipoprotein cholesterol (LDL-C) and triglycerides among adolescents ages 12-19 years, NHANES 2009-2012.
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Table D1.25. Prevalence of high and borderline high blood pressure (BP) in children, 2009-2012

High BP* Borderline high BP*

% (SE) % (SE)
Total 1.7 (0.2) 8.3(0.7)
Boys 1.7 (0.4) 12.0 (1.3)
Girls 1.6 (0.2) 4.6 (0.8)
Age group (years)
8-12 1.8 (0.4) 3.8(0.7)
13-17 1.5(0.4) 12.4 (1.1)
Race/Ethnicity**
Non-Hispanic White 1.4 (0.3) 7.2(0.9)
Non-Hispanic Black 2.3(0.5) 12.1(1.3)
Hispanic 1.8 (0.6)® 8.5 (1.4)
Body Mass Index (BMI)
Normal weight 1.4 (0.3) 5.4 (0.8)
Overweight + 10.9 (1.6)
Obese 1.8(0.6)@ 16.2 (1.8)
Race/Ethnicity by Sex
Boys
Non-Hispanic White ** 10.8 (1.8)
Non-Hispanic Black 25(0.7) 16.6 (2.0)
Hispanic + 12.7 (2.3)
Girls
Non-Hispanic White 1.8 (0.4) 3.8(1.1)
Non-Hispanic Black + 7.5(1.6)
Hispanic 1.5(0.6)® 4.3(1.0)
BMI by Sex
Boys
Normal weight 1.8 (0.5) 8.6 (1.5)
Overweight + 16.3 (2.8)
Obese 1.8(0.6)® 20.1 (3.0)
Girls
Normal weight 1.0 (0.3) 2.4(0.8)@
Overweight + 5.3(1.2)
Obese + 12.0 (2.7)

Analyses based on age at exam and exclude pregnant adolescents. Estimates are weighted. SE = standard error.
*Borderline high BP was defined as a systolic or diastolic BP >90th percentile but <95th percentile or BP levels >120/80
mm Hg and high BP was defined as a systolic or diastolic BP >95th percentile. Definitions are based on the Fourth Report
on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescent. Estimates are based on
the average of up to 3 measurements.

**Race-Hispanic origin classified as “other” not separately reported but included in overall estimates

Normal weight = 5™ - 84™ percentile; overweight = 85" - 94" percentile; obese = >95" percentile

@ Relative standard error (RSE)>30 but < 40; + = RSE>40.

Source: Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition
Examination survey (NHANES). Prevalence of high and borderline high blood pressure (BP), children and adolescents,
Ages 8-17 years, NHANES 2009-2012.
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Table D1.26. Prevalence of overweight and obesity among youth ages 3 to 19* years with type 2 diabetes by race and ethnicity , compared to youth
without type 2 diabetes, SEARCH population, 2001-2004

Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Children ages 3 to 19 years

Children ages 3 to 19 without

with type 2 diabetes who are: N % (95% CI) diabetes** who are: % (95% CI)
Overweight © Overweight ©

All 50 10.4 (6.7,15.9) All 16.1 (15.0,17.3)
Non-Hispanic White 10 13.9 (6.3,28) Non-Hispanic White 15.9 (14.3,17.6)
Non-Hispanic Black 15 8(3.2,18.4) Non-Hispanic Black 14.8 (13.4,16.3)
Hispanic 11 10.5 (4.2,23.8) Hispanic 18.8 (16.6,21.1)
Asian Pacific Islander 7 14.9 (4.4,39.9) Asian Pacific Islander --
American Indian 3.3(0.4,20.7) American Indian --
Obese & Obese &

All 331 79.4 (72.8, 84.8) All 16.9 (15.8,18.0)
Non-Hispanic White 64 68.8 (53.2,81) Non-Hispanic White 15.8 (14.3,17.5)
Non-Hispanic Black 111 91.1(81,96.1) Non-Hispanic Black 20.2 (18.6,21.9)
Hispanic 63 75 (59.8,85.7) Hispanic 18.3 (16.2,20.5)
Asian Pacific Islander 34 68.2 (43.4,85.7) Asian Pacific Islander --
American Indian 59 88 (67.9, 96.2) American Indian --

* 93% of children with type 2 diabetes are 12 -19 years old.
** US population estimates based on non-diabetic youth (NHANES 2001-2004).

-- NHANES does not contain large enough samples of Asian Pacific Islander | and American Indian to provide comparable estimates.

€ Overweight defined as BMI from the 85th to <95th percentile for age and sex

&Obesity defined as BMI > 95th percentile.

Source: Liu LL, Lawrence JM, Davis C, Liese AD, Pettitt DJ, Pihoker C, et al. Prevalence of overweight and obesity in youth with diabetes in USA: the

SEARCH for Diabetes in Youth study. Pediatr Diabetes. 2010;11(1):4-11. PMID: 19473302. http://www.ncbi.nlm.nih.gov/pubmed/19473302.
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Table D1.27. Prevalence of hypertension and diabetes in US adults, NHANES 2009-2012

Hypertension** Total Diabetes**
% (SE) % (SE)

Overall 29.1 (0.6) 12.3(0.8)
Men 29.8 (0.8) 14.0 (1.0)
Women 28.3 (0.6) 10.8 (0.8)
Age group (years)
18-39" 7.1(0.4) 3.2(0.5)
40-59 31.7(1.2) 13.5(1.3)
>60 66.3 (1.3) 26 (1.7)
Race/ethnicity®
Non-Hispanic white 27.9(0.7) 9.8 (0.8)
Non-Hispanic black 41.5(0.9) 18.4 (1.3)
Hispanic 26.1(0.9) 19.3(1.5)
Race/ethnicity by sex
Men
Non-Hispanic White 28.9(1.1) 11.7 (1.3)
Non-Hispanic Black 40.5(1.1) 18.8 (1.8)
Hispanic 26.2 (1.4) 21 (1.7)
Women
Non-Hispanic White 26.8 (0.8) 8.0 (0.9)
Non-Hispanic Black 42.1(1.3) 18.1 (1.5)
Hispanic 25.8 (0.8) 17.6 (1.9)

Estimates are age-adjusted to the year 2000 standard population. Estimates are weighted. All pregnant women excluded
from analysis.

SE = standard error.

*Hypertension is reported for adults ages 18 yrs and older and is defined as having measured systolic pressure of at least
140 mm Hg or diastolic pressure of at least 90 mm Hg and/or taking antihypertensive medication. Estimates are based on
the average of up to 3 measurements.

**Total diabetes is reported for adults ages 20 years and older and is the sum of self-reported diabetes and undiagnosed
diabetes. Diagnosed diabetes was obtained by self-report and excludes women who reported having diabetes only during
pregnancy. Undiagnosed diabetes is defined as fasting plasma glucose (FPG) of at least 126 mg/dLor a hemoglobin Alc of
at least 6.5% and no reported physician diagnosis. Respondents had fasted for at least 8 hours and less than 24 hours.

& Data for diabetes is reported for adults ages 20 to 39 years old.

@participants with a race-Hispanic origin categorized as “other” are included in overall estimates but are not separately
reported.

Sources:

“Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition
Examination survey (NHANES). Prevalence of high blood pressure, adults 18 years and over, NHANES 2009-2012.
“Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition
Examination survey (NHANES). Total diabetes, in adults 20 years and over, NHANES 2009 -2012
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Table D1.28. Prevalence of type 2 diabetes by sex, age, and race/ethnicity in children and adolescents”

Cases with type 2 diabetes ~ Prevalence /1000 youth (95% CI)

Overall (< 20 years old) 819 0.46 (0.43 - 0.49)
Sex

Boys 314 0.35(0.31-0.39)
Girls 505 0.58 (0.53 - 0.63)
Age group (years)

10to 14 198 0.23(0.2-0.26)
15t0 19 621 0.68 (0.63 - 0.74)
Race/ethnicity

Non-Hispanic White 172 0.17 (0.15-0.2)
Non-Hispanic Black 209 1.06 (0.93-1.22)
Hispanic 317 0.79 (0.7 - 0.88)
Asian Pacific Islander 46 0.34 (0.26 - 0.46)
American Indian 75 1.2 (0.96 - 1.51)

2009 SEARCH population

Source: Dabelea D, Mayer-Davis EJ, Saydah S, Imperatore G, Linder B, Divers J, et al. Prevalence of type 1 and type 2
diabetes among children and adolescents from 2001 to 2009. JAMA. 2014;311(17):1778-86. PMID: 24794371.
http://www.ncbi.nlm.nih.gov/pubmed/24794371.
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Table D1.29. Cancer incidence and death rates per 100,000 persons by age category, sex and race and ethnicity, United States, 2007 -2011*

Incidence Death Incidence  Death Incidence Death Incidence Lung  Death Lung
Rates per 100,000 persons Breast Breast Prostate Prostate Colorectal Colorectal & Bronchus & Bronchus
Age (years), men and women
<20 0 0 0 0.1 0 0 0
20-34 1.8 0.9 0 1.2 0.6 0.3 0.1
35-44 9.3 5.2 0.6 0.1 4.1 25 1.3 1
45-54 22 14.5 9.7 1.6 14.2 9.1 8.6 1.7
55-64 25.5 21.7 32.7 8.5 21.2 17.6 21.4 19.7
65-74 21.3 20.6 36.3 20.1 23.9 21.9 31.7 30.6
75-84 14.4 21 16.8 36.8 23.2 27.3 27.9 29.8
>84 5.7 16.2 3.8 33 121 20.9 8.9 11.2
Men
all race/ethnicities - - 147.8 22.3 50.6 19.1 72.2 61.6
Non-Hispanic White - - 139.9 20.6 49.6 18.5 72.4 61.4
Non-Hispanic Black - - 223.9 48.9 62.3 21.7 93 75.7
Hispanic - - 121.8 185 44.3 15.8 39.6 30.5
Asian/Pacific Islander - - 79.3 10 43.1 131 49.4 34.7
American Indian/Alaska Native - - 71.5 21.2 455 19.2 49.5 50
Women
all race/ethnicities 124.6 22.2 - - 38.2 135 51.1 38.5
Non-Hispanic White 128 21.7 - - 37.3 13 53.8 39.8
Non-Hispanic Black 122.8 30.6 - - 475 185 51.2 36.5
Hispanic 91.3 14.5 - - 30.6 9.9 25.5 14
Asian/Pacific Isldander 93.6 11.3 —~ —~ 32 9.5 28.1 18.4
American Indian/Alaska Native 79.3 15.2 - - 35.5 15.6 34.7 32.4

*SEER 18, 2007 -2011; rates (numbers) of new cases and deaths are per 100,000 persons and are age-adjusted to the 2000 U.S. standard population.
Data are from selected statewide and metropolitan area cancer registries that meet the data quality criteria for all invasive cancer sites combined.

Rates cover approximately 95% of the U.S. population.
Source: Data are from NCI factsheets, and can be found in the SEER Cancer Statistics Review (http://seer.cancer.gov/csr/1975 2011/)

Breast cancer - http://seer.cancer.gov/statfacts/ntml/breast.html , Prostate Cancer - http://seer.cancer.gov/statfacts/html/prost.html ,

Colon and Rectum Cancer - http://seer.cancer.gov/statfacts/html/colorect.html ,Lung and Bronchus Cancer - http://seer.cancer.gov/statfacts/html/lungb.html
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Table D1.30. Estimates of the prevalence and number of US adults ages 50 years and older with osteoporosis

Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

(OP) and low bone mass (LBM) at either the femoral neck or lumber spine (NHANES 2005-2010)

OP Prevalence *

OP N

BM Prevalence * %

LBM, N

% (SE) (95% CI)** (SE) (95% CI)**
Both Sexes
Overall (ages 50 above) 10.3 (0.37) 10.2 (9.4,10.9) 43.9(0.72) 43.4 (42.0,44.8)
Men
Overall 4.3 (0.40) 2.0(1.6,2.3) 35.2 (0.93) 16.1 (15.3,17.0)
Age group (years)
50-59 3.4 (0.68) 0.7 (0.4,1.0) 30.7 (1.78) 6.3 (5.6,7.0)
60-69 3.3(0.73) 0.5 (0.3,0.7) 32.9 (1.82) 4.6 (4.15.1)
70-79 5.0 (0.78) 0.4 (0.3,0.5) 41.8 (2.51) 3.1(2.7,3.5)
80+ 10.9 (1.7) 0.4 (0.3,0.6) 53.1 (2.82) 2.2(1.9,2.4)
Race/ethnicity @
Non-Hispanic White 3.9(0.39) 1.4 (1.1,1.6) 36.0 (1.13) 12.7 (11.9,13.4)
Non-Hispanic Black 1.3* (0.40) 0.1 (0.02,0.1) 21.3 (1.75) 0.9 (0.8,1.1)
Mexican American 5.9 (1.08) 0.1(0.1,0.2) 38.3 (2.55) 0.9 (0.7,1.0)
Women
Overall 15.4 (0.63) 8.2(7.5,8.9) 51.4 (0.93) 27.3 (26.3,28.3)
Age group (years)
50-59 6.8 (0.83) 15(1.1,1.8) 49.3 (1.69) 10.6 (9.9,11.3)
60-69 12.3 (1.44) 1.9(1.5,2.3) 53.4 (1.54) 8.2 (7.7,8.6)
70-79 25.7 (1.56) 2.4 (2.1,2.6) 51.8 (1.70) 4.7 (4.45.1)
80+ 34.9 (2.44) 2.5(2.2,2.8) 52.7 (3.07) 3.8(3.34.2)
Race/ethnicity °
Non-Hispanic White 15.8 (0.81) 6.3 (5.7,7.0) 52.6 (1.17) 21.1 (20.2,22.0)
Non-Hispanic Black 7.7 (1.10) 0.4 (0.3,0.5) 36.2 (2.03) 2.0(1.8,2.2)
Mexican American 20.4 (1.70) 0.5 (0.4,0.6) 47.8 (2.33) 1.1(1.0,1.2)

* Prevalence from NHANES 2005-2010 has been adjusted to the age, sex, and race/ethnic distribution of the US

population at the time of the 2010 Census using the direct method.

**Count expressed in millions; 95% C1=95% confidence limits
@ Other races not shown separately
OP = osteoporosis; LBM= low bone mass; NH= non-Hispanic. SE = standard error.
Osteoporosis and low bone mass were defined using the WHO criteria. Specifically, osteoporosis was defined as a
T-score < -2.5 at either the femoral neck or the lumbar spine. Among those without osteoporosis, low bone mass
was defined as those with T-scores between -1.0 and -2.5 at either skeletal site. The reference group for calculation
of the scores at the femoral neck for both men and women, consisted of 20-29 non-Hispanic White females from

NHANES Il1. As there is no internationally recommended reference group for the lumbar spine, the reference group

for calculation of these scores at the lumbar spine consisted of 30-year old White females from the DXA
manufacturer reference database. These reference groups were used to calculate T-scores for all race/ethnic groups

and for both sexes.

Source: Wright NC, Looker AC, Saag KG, Curtis JR, Delzell ES, Randall S, et al. The Recent Prevalence of
Osteoporosis and Low Bone Mass in the United States Based on Bone Mineral Density at the Femoral Neck or
Lumbar Spine. J Bone Miner Res. 2014. PMID: 24771492, http://www.ncbi.nIm.nih.gov/pubmed/24771492.
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.31 Studies included in the analysis of Dietary Patterns Composition. Abbreviations listed below are

used in Figures D1.56 to D1.60

Abbreviation Used in
Figures

Study/Cohort

Citation

Interventions—feeding
studies
DASH

OMNI CHO
OMNI PRO
OMNI UNSAT

Interventions—other
EVOO

NUTS

Cohorts--Med Diet score
SUN F (CVD endpoint)

SUN M (CVD endpoint)
SUN (blood pressure
endpoint)

NHS (CVD endpoint)

EPIC PAN F

EPIC PAN M

EPIC SPAIN
WAICAP

NHS (cognitive decline
endpoint)

Cohorts/Other scores
WHI

HPFS

EPIC POT F
EPIC POT M

DASH - Dietary Approaches to Stop Hypertension Trial
OmniHeart trial — Carbohydrate-rich pattern

OmniHeart trial — higher-protein pattern
OmniHeart trial — higher unsaturated fat pattern

PREDIMED (Prevencion con Dieta Mediterranea) trial. Extra
Virgin Olive Oil group
PREDIMED Mixed nuts group

Seguimiento Universidad de Navarra (SUN) project. Female
subjects

SUN project. Male subjects

Seguimiento Universidad de Navarra (SUN) project

Nurses’ Health Study

European Prospective Investigation into Cancer and Nutrition
— Physical Activity, Nutrition, Alcohol, Cessation of
Smoking, Eating Out of Home and Obesity project (EPIC-
PANACEA) Female subjects

EPIC-PANACEA Male subjects

EPIC Spanish Cohort

Washington Heights-Inwood Columbia Aging Project
(WHICAP)

Nurses’ Health Study

Women’s Health Initiative
Health Professionals Follow-up Study

EPIC Potsdam (Germany) study Female Subjects
EPIC Potsdam (Germany) study Male Subjects

Karanja et al.
1999

Swain et al. 2008'%

Estruch et al.
2013%

Martinez-Gonzalez
etal. 2010%

Nufiez-Cérdoba et
al.. 2009%
Fung et al. 2009%

Romaguera et al.
2009'%

Buckland et al.
2011%
Scarmeas et al.
20062

Samieri et al.
2013

George et al.
2014%
McCullough et al.
2000M

von Ruesten et al.
2010
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.31, continued

Abbreviation Used in Study/Cohort
Figures

Citation

Factor/Cluster Analyses

NHS (type 2 diabetes Nurses’ Health Study

endpoint)

NHS (CHD endpoint) Nurses’ Health Study

HPFS Health Professionals Follow-up Study
FOS Framingham Offspring Study
WHITEHALL Whitehall 11 study

SHANGHAI Shanghai Women’s Health Study
SINGAPORE Singapore Chinese Health Study

Fung et al. 2004'*
Fung et al. 2001'*
Hu et al. 2000'%

McKeown et al.
2002
Brunner et al.
2008'%
Villegas et al.
2010'%®

Butler 2010™*°
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Table D1.32. Composition of three USDA Food Patterns (Healthy U.S.-Style, Healthy Vegetarian, and

Healthy Mediterranean-style) at the 2000 calorie level. Daily or weekly amounts from selected food groups,

subgroups, and components.

Food group Healthy US-style Pattern ~ Healthy Vegetarian Pattern ~ Healthy Med-style Pattern
Fruit 2 ¢ per day 2 ¢ per day 2 Y ¢ per day
Vegetables 2 Y% c per day 2 % c per day 2 Y% c per day

-Legumes 1% c per wk 3 ¢ per wk 1% c per wk
Whole Grains 3 0z eq per day 3 0z eq per day 3 0z eq per day
Dairy 3 ¢ per day 3 ¢ per day 2 ¢ per day

Protein Foods
--Meat
--Poultry
--Seafood
--Eggs
--Nuts/seeds
--Processed soy

Oils

5 Y% 0z eq per day
12 ¥ 0z eg/wk
10 % 0z eqg/wk

8 0z eq/wk
3 0z eq/wk
4 0z eg/wk
% 0z eg/wk

27 g per day

3 Y% 0z eq per day

3 0z eg/wk
7 0z eq/wk
8 0z eq/wk

27 g per day

6 ¥ 0z eq per day
12 % 0z eq/wk
10 %2 0z eq/wk

15 0z eq/wk
3 0z eq/wk
4 0z eg/wk
% 0z eq/wk

27 g per day

Source: Food Pattern Modeling report: Appendix E-3.7 Developing Vegetarian and Mediterranean-style Food

Patterns
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Table D1.33. Nutrients in the three USDA Food Patterns (Healthy US Style, Healthy Vegetarian, and Healthy
Mediterranean-style) at the 2000 calorie level as a percent of the goal or limit for a 19 to 30 year old woman.

Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Nutrient Healthy US-style Healthy Vegetarian Healthy Med-style
Pattern Pattern Pattern
% goal/limit % goal/limit % goal/limit

Protein -%RDA 198 155 194
Protein -%calorie 18 14 18
Fat-%calorie 33 34 32
Saturated fat* - %calorie 8 8 8

CHO-%RDA 197 211 199
CHO-%calorie 51 55 52
Fiber -% goal 109 126 112
Calcium-%RDA 127 133 100
Iron-%RDA 93 96 95
Vitamin D-%RDA 46 37 42
Potassium-%Al 71 70 71
Sodium*-%UL 78 61 73

*overconsumed nutrient

Source: Food Pattern Modeling report: Developing Vegetarian and Mediterranean-style Food Patterns (see

Appendix E-3.7)
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Part D Chapter 1. Figures

Figure Number Figure Title, by chapter section

Figure D1.1
Figure D1.2
Figure D1.3
Figure D1.4

Figure D1.5

Figure D1.6
Figure D1.7

Figure D1.8

Figure D1.9
Figure D1.10
Figure D1.11

Figure D1.12
Figure D1.13
Figure D1.14
Figure D1.15
Figure D1.16
Figure D1.17

Figure D1.18
Figure D1.19
Figure D1.20

Nutrients of Concern

Percent of population with usual intakes below EAR

Percent of population with usual intakes above Al

Sodium: Percent of age/sex groups with usual intakes above UL

Saturated fat: Percent of age/sex groups with usual intake above 10% of
calories

Supplement users: Percent with usual intakes from foods, beverages, and
supplements greater than the UL

Caffeine: mean and percentiles of usual intake by age/sex groups-adults

Caffeine: mean and percentiles of usual intake by age/sex groups-children and
adolescents

USDA Food Patterns: Range of nutrients in patterns as a percent of the target
levels for all age/gender groups

Food Groups
Total Fruit: Estimated percent of persons below, at, or above recommendation
Whole fruit vs. fruit juice consumption by age/sex groups

Total Vegetables: Estimated percent of persons below, at, or above
recommendation

Dark Green vegetables: Estimated percent of persons below, at, or above
recommendation

Red and Orange vegetables: Estimated percent of persons below, at, or above
recommendation

Beans and Peas: Estimated percent of persons below, at, or above
recommendation

Starchy vegetables: Estimated percent of persons below, at, or above
recommendation

Other vegetables: Estimated percent of persons below, at, or above
recommendation

Whole grains: Estimated percent of persons below, at, or above
recommendation

Refined grains: Estimated percent of persons below, at, or above limits
Dairy: Estimated percent of persons below, at, or above recommendation

Total Protein foods: Estimated percent of persons below, at, or above
recommendation
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Figure D1.21

Figure D1.22
Figure D1.23

Figure D1.24
Figure D1.25
Figure D1.26
Figure D1.27

Figure D1.28

Figure D1.29
Figure D1.30

Figure D1.31

Figure D1.32
Figure D1.33
Figure D1.34
Figure D1.35
Figure D1.36
Figure D1.37
Figure D1.38

Figure D1.39
Figure D1.40

Figure D1.41
Figure D1.42

Figure D1.43

Figure D1.44

Meat, poultry, eggs: Estimated percent of persons below, at, or above
recommendation

Seafood: Estimated percent of persons below, at, or above recommendation

Nuts, seeds, soy: Estimated percent of persons below, at, or above
recommendation

Empty calories: Estimated percent of persons below, at, or above limits
Fruit: Mean intakes over time (2001-04 vs. 2007-10) by age/sex group
Vegetables: Mean intakes over time (2001-04 vs. 2007-10) by age/sex group

Whole grains: Mean intakes over time (2001-04 vs. 2007-10) by age/sex
group

Refined grains: Mean intakes over time (2001-04 vs. 2007-10) by age/sex
group

Dairy: Mean intakes over time (2001-04 vs. 2007-10) by age/sex group

Protein Foods: Mean intakes over time (2001-04 vs. 2007-10) by age/sex
group

Added sugars intakes in 2001-04 and 2007-10 by age/sex groups in
comparison to added sugars limits in the USDA Food Patterns.

Food categories

Percent of Total intake from mixed dishes

Percent of Energy Intake from Major food categories

Food sources Saturated Fat

Food Sources of Sodium

Food Sources of Added Sugars

Caffeine sources by age group

Percent of beverage energy from various beverages, all persons 2+
Eating Behaviors

Number of meals reported per day by age/sex group

Percent of total daily intake of nutrients of concern from each eating occasion,
for the population 2+

Percent of calories by where food was obtained and consumed

Fruit group density: cups per 1000 calories by where obtained and eating
location, over time (2003-2004 to 2009-2010)

Vegetable density: cups per 1000 calories by where obtained, over time (2003-
04 to 2009-10)

Vegetable subgroup density: cups per 1000 calories by where obtained, over
time (2003-2004 to 2009-2010)
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Figure D1.45
Figure D1.46
Figure D1.47
Figure D1.48
Figure D1.49
Figure D1.50
Figure D1.51

Figure D1.52

Figure D1.53
Figure D1.54
Figure D1.55

Figure D1.56

Figure D1.57

Figure D1.58
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Figure D1.61

Dairy group density: cups per 1000 calories by where obtained, over time
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Figure D1.62 Intake from Protein Foods subgroups by self-identified vegetarians in
comparison to non-vegetarian and amounts in USDA Food Pattern at 2000
calories.
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Figure D1.1 Percent of population with usual intakes below EAR
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Figure D1.2 Percent of population with usual intakes above Al
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Figure D1.3 Sodium: Percent of age/sex groups with usual intakes above UL
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Figure D1.4 Saturated fat: Percent of age/sex groups with usual intake above 10% of calories
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Figure D1.5 Supplement users: Percent with usual intakes from foods, beverages, and
supplements greater than the UL
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Figure D1.6 Caffeine: mean and percentiles of usual intake by age/sex groups-adults
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Figure D1.7 Caffeine: mean and percentiles of usual intake by age/sex groups-children and

adolescents
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Figure D1.9 Total Fruit: Estimated percent of persons below, at, or above recommendation
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Figure D1.11 Total Vegetables: Estimated percent of persons below, at, or above

recommendation
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Figure D1.12 Dark Green vegetables: Estimated percent of persons below, at, or above
recommendation
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Figure D1.13 Red and Orange vegetables: Estimated percent of persons below, at, or above

recommendation
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Figure D1.14 Beans and Peas: Estimated percent of persons below, at, or above recommendation
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Figure D1.15 Starchy vegetables: Estimated percent of persons below, at, or above

recommendation
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Figure D1.16 Other vegetables: Estimated percent of persons below, at, or above
recommendation
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Figure D1.
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17 Whole grains: Estimated percent of persons below, at, or above recommendation
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Figure D1.19 Dairy: Estimated percent of persons below, at, or above recommendation
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Figure D1.20 Total Protein foods: Estimated percent of persons below, at, or above
recommendation
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Figure D1.21 Meat, poultry, eggs: Estimated percent of persons below, at, or above

recommendation
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Figure D1.22 Seafood: Estimated percent of persons below, at, or above recommendation
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Figure D1.23 Nuts, seeds, soy: Estimated percent of persons below, at, or above recommendation
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Figure D1.24 Empty calories: Estimated percent of persons below, at, or above limits
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Figure D1.25 Fruit: Mean intakes over time (2001-04 vs. 2007-10) by age/sex group
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Figure D1.26 Vegetables: Mean intakes over time (2001-04 vs. 2007-10) by age/sex group
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Figure D1.27 Whole grains: Mean intakes over time (2001-04 vs. 2007-10) by age/sex group
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Figure D1.28 Refined grains: Mean intakes over time (2001-04 vs. 2007-10) by age/sex group
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Figure D1.29 Dairy: Mean intakes over time (2001-04 vs. 2007-10) by age/sex group
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Figure D1.30 Protein Foods: Mean intakes over time (2001-04 vs. 2007-10) by age/sex group
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Figure D1.31 Added sugars intakes in 2001-04 and 2007-10 by age/sex groups in comparison to
added sugars limits in the USDA Food Patterns
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Figure D1.32 Percent of Total intake from mixed dishes
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Figure D1.33 Percent of Energy Intake from Major food categories
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Figure D1.35 Food Sources of Sodium
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Figure D1.36 Food Sources of Added Sugars
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Figure D1.37 Caffeine sources by age group

100 T ==

04— X g
© B Alcoholic beverages
_EE
E B Otherfoods
3 60 (] Flavored milk and mik drinks
g [ | Desserts and sweets
% ["] Sugar-sweetened and diet beverages*
}%: 40 KA Coffeeand tea
: ﬁ %

20 z % z

0 I I I I | | |

25y 611y 1219y 2040y 4150y 5170y  71+y
Source: What We Eat in America, NHANES 2009-2010

Figure D1.38 Percent of beverage energy from various beverages, all persons 2+
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Figure D1.39 Number of meals reported per day by age/sex group
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Figure D1.40 Percent of total daily intake of nutrients of concern from each eating occasion, for
the population 2+
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Figure D1.41 Percent of calories by where food was obtained

and consumed
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Figure D1.42 Fruit group density: cups per 1000 calories by where obtained, over time (2003-04
to 2009-10) in comparison to the 2010 HEI standard per 1000 calories for the fruit group.
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Figure D1.43 Vegetable density: cups per 1000 calories by where obtained, over time (2003-04
to 2009-10) in comparison to the 2010 HEI standard per 1000 calories for the vegetable group
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Figure D1.44 Vegetable subgroup density: cups per 1000 calories by where obtained, over time
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Figure D1.45 Dairy group density: cups per 1000 calories by where obtained, over time (2003-04
to 2009-10) in comparison to the 2010 HEI standard per 1000 calories for the dairy group
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Figure D1.46 Grain group density (whole and refined) : ounce eqs per 1000 calories by where
obtained over time (2003-04 to 2009-10) in comparison to the 2010 HEI standard per 1000
calories for the whole grains and limit for refined grains.
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Figure D1.47 Protein Foods Group density: ounce eqs per 1000 calories by where obtained, over
time (2001-04 vs. 2007-10) in comparison to the 2010 HEI standard per 1000 calories for the

protein foods group.
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Figure D1.48 Sodium density: milligrams per 1000 calories by where obtained, over time (2003-
04 to 2009-10) in comparison to the 2010 HEI limit per 1000 calories for sodium.
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Figure D1.49 Saturated fat density: percent of energy by where obtained, over time (2003-04 to
2009-10), in comparison to the 2010 DGA limit for saturated fat as a percent of energy.
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Figure D1.50 Empty calorie density: calories per 1000 calories by where obtained, over time
(2003-04 to 2009-10), in comparison to the HEI limit for empty calories per 1000 calories.
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Figure D1.51 Added sugars density: Added sugars per 1000 calories by where obtained, over
time (2003-04 to 2009-10)
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Figure D1.52 Solid fats density: Solid fats per 1000 calories by where obtained, over time
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Figure D1.53 Trends in overweight and obesity, Males and Females ages 20+.
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Figure D1.54 Trends in overweight and obesity, Boys and Girls ages 2-19.
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Figure D1.55 Prevalence and number of CVD risk factors by weight category, among adults 18
years and older, NHANES 2007-10.
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Figure D1.56 Vegetable intake (g/1000 calories) in dietary patterns identified as having health
benefits, in comparison to usual vegetable intake by adults, NHANES 2007-2010, and to
amounts in the USDA Food Patterns for adults.
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Figure D1.57 Fruit intake (g/1000 calories) in dietary patterns identified as having health
benefits, in comparison to usual fruit intake by adults, NHANES 2007-2010, and to amounts in
the USDA Food Patterns for adults.
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Figure D1.58 Dairy intake (g/1000 calories) in dietary patterns identified as having health
benefits, in comparison to usual dairy intake by adults, NHANES 2007-2010, and to amounts in
the USDA Food Patterns for adults.
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Figure D1.59 Red and processed meat intake (g/1000 calories) in dietary patterns identified as
having health benefits, in comparison to usual red and processed meat intake by adults,
NHANES 2007-2010, and to amounts in the USDA Food Patterns for adults.
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Figure D1.60 Seafood intake (g/1000 calories) in dietary patterns identified as having health
benefits, in comparison to usual seafood intake by adults, NHANES 2007-2010, and to amounts
in the USDA Food Patterns for adults.
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends

Figure D1.61 Average HEI-2010 component scores for Americans by age group, 2009-10, as a percent of the total possible score for
each component.
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Figure D1.62 Intake from Protein Foods subgroups by self-identified vegetarians in comparison
to non-vegetarian and to amounts in USDA Food Pattern at 2000 calories.
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Part D. Chapter 2: Dietary Patterns, Foods and Nutrients,
and Health Outcomes

INTRODUCTION

A healthy diet is a pillar of well-being throughout the lifespan. It promotes the achievement of
healthy pregnancy outcomes; supports normal growth, development and aging; helps maintain
healthful body weight; reduces chronic disease risks; and promotes overall health and well-
being. Previous Dietary Guidelines Advisory Committees focused on examining specific foods,
nutrients, and dietary components and their relationships to health outcomes. In its review,
however, the 2010 DGAC noted that it is often not possible to separate the effects of individual
nutrients and foods, and that the totality of diet—the combinations and quantities in which foods
and nutrients are consumed—may have synergistic and cumulative effects on health and
disease.! This approach has been adopted by others as well (e.g. American Heart Association,
American College of Cardiology and the National Cancer Institute) and is being used by the
2015 DGAC. The 2010 Committee acknowledged the importance of dietary patterns and
recommended additional research in this area. After the release of the 2010 Dietary Guidelines
for Americans, the USDA Nutrition Evidence Library (NEL) completed a systematic review
project examining the relationships between dietary patterns and several health outcomes,
including cardiovascular disease (CVD), body weight and type 2 diabetes.? Their report has been
used by the 2015 DGAC.

As also noted in the 2010 Dietary Guidelines for Americans, individuals can achieve a healthy
diet in multiple ways and preferably with a wide variety of foods and beverages. Optimal
nutrition can be attained with many dietary patterns and a single dietary pattern approach or
prescription is unnecessary. Indeed, for long-term maintenance, a dietary pattern to support
optimal nutrition and health should be based on the biological and medical needs as well as
preferences of the individual.

Dietary patterns are defined as the quantities, proportions, variety or combinations of different
foods and beverages in diets, and the frequency with which they are habitually consumed.
Americans consume many habitual dietary patterns, rather than a “typical American pattern,”
which reflect their life experiences and wide-ranging personal, socio-cultural and other
environmental influences. The nutritional quality of a dietary pattern can be determined by
assessing the nutrient content of its constituent foods and beverages and comparing these
characteristics to age- and sex-specific nutrient requirements and standards for nutrient
adequacy, as shown in Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current
Status and Trends for the USDA Food Patterns, including the “Healthy U.S.-style Pattern,” the
“Healthy Mediterranean-style Pattern,” and the “Healthy Vegetarian Pattern.” Understanding the
array of dietary patterns in a population and their nutrient quality allows a more complete
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characterization of individual eating behaviors and enables their examination in relationship with
diverse health outcomes. For these reasons, the DGAC focused on considering the evidence for
overall dietary patterns in addition to key foods and nutrients. A major goal was to describe the
common characteristics of a healthy diet, which informed and is complementary to the
quantitative description of dietary patterns provided in Part D. Chapter 1: Food and Nutrient
Intakes, and Health: Current Status and Trends.

Dietary patterns can be characterized in three main ways, drawing from Dr. Susan Krebs-Smith’s
presentation to the DGAC during the second public meeting (available at
www.DietaryGuidelines.gov). The first is by the use of an a priori index that is based on a set of
dietary recommendations for a healthy dietary pattern as a result of scientific consensus or
proposed by investigators using an evidence-based approach. An individual’s index/score is
derived by comparing and quantifying their adherence to the criterion food and/or nutrient
component of the index and then summed up over all components. A population’s average mean
and individual component scores can be similarly determined. Examples of dietary quality scores
include: the Healthy Eating Index (HEI)-2005 and 2010, the Alternate HEI (AHEI) and updated
AHEI-2010,* the Recommended Food Score (RFS),” the Dietary Approaches to Stop
Hypertension (DASH) score,® the Mediterranean Diet Score (MDS),” and the Alternate
Mediterranean Diet Score (aMed).?

The second method of dietary pattern assessment is through data-driven approaches, such as
cluster analysis (which addresses the question, “Using the self-reported food and beverage intake
data are there groups of people with distinct (non-overlapping) dietary patterns?”’) and factor
analysis (which addresses the question, “Which components of the diet track together to explain
variations in food or beverage intake across diet patterns?”). These data-driven approaches are
outcome-independent. That is, the relationships between the dietary patterns and intermediate or
longer-term health outcomes are examined once the patterns themselves are defined. Other data-
driven approaches are outcome-dependent, such as reduced rank regression (which addresses the
question, “What combination of foods explains the most variation in one or more intermediate
health markers?”).

The third method examines individuals’ food and beverage intake preferences as they are
commonly defined by foods included or eliminated. In cohort studies, this pattern is usually
based upon qualitative self-reported behaviors rather than detailed questionnaires. Vegetarianism
and its various forms (e.g., ovo-lacto vegetarianism) are examples of this type of dietary pattern.

The dietary patterns approach has a number of major strengths. The method captures the
relationship between the overall diet and its constituent foods, beverages and nutrients in
relationship to outcomes of interest and quality, thereby overcoming the collinearity among
single foods and nutrients. In so doing, it considers the inherent interactions between foods and
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nutrients in promoting health or increasing disease risk. Because foods are consumed in
combinations, it is difficult, if not impossible, to determine their separate effects on health.
Relationships or effects attributed to a particular food or nutrient may be accurate or reflect those
of other dietary components acting in synergy. The dietary pattern approach has advanced
nutrition research by capturing overall food consumption behaviors and its quality in relationship
to health.

Despite these considerable strengths, however, the approach has several limitations that are
important to consider. First, the dietary assessment instruments used to define the dietary
patterns (e.g., food frequency questionnaires [FFQ] and 24—hour or multi-day dietary recalls or
records) are based upon self-report and may introduce levels of report bias that can attenuate
diet-health relationships. The FFQ has been evaluated as a valid and reliable measure of usual
food and nutrient intake. However, the extent to which data from FFQs are valid measures of
dietary patterns is not well established. Second, dietary patterns are not uniformly defined by
investigators and vary substantially from one study to the next even though studies may use the
same nomenclature. This may hamper cross-study comparisons and limits reproducibility. Third,
scoring algorithms used to evaluate dietary pattern adherence may differ and affect the results of
studies examining specific health outcomes. Fourth, data-driven methods may not derive
comparable patterns in different populations because these patterns may be population specific.
Lastly, dietary patterns do not assess the frequency of meal and snack consumption, specific
combinations of foods consumed together, and aspects of food purchase and preparation, all of
which may influence the overall dietary pattern.

Another challenge to examining dietary patterns is that randomized dietary intervention studies
have used different approaches for ensuring that subjects comply with the intervention diet when
testing their relationships with health outcomes. For example, randomized controlled trials
(RCTs), such as Prevencion con Dieta Mediterranean (PREDIMED), coached participants to
follow a dietary pattern and provided them with key foods (e.g., olive oil or nuts) to facilitate
adherence. In contrast, feeding studies (another form of intervention study), such as those
conducted in the DASH and the Optimal Macronutrient Intake Trial for Heart Health
(OmniHeart), provided all food to be consumed to each participant. These study designs across
randomized trials and feeding studies provide strong evidence for the benefits and risks of
particular dietary patterns because a prescribed intervention allows relatively precise definition
of dietary exposures, and randomization helps ensure that any potential confounding variables
are randomly distributed between study arms. However, some trials (i.e. DASH, OmniHeart) are
necessarily restricted to testing a dietary pattern’s effect on an intermediate outcome or a
surrogate endpoint, such as blood lipids, because of the complexities involved in maintaining
dietary compliance over long study duration. Additionally, the feeding trials fail to represent
what happens in real world situations. Thus, well-conducted observational cohort studies provide
an important evidentiary complement to RCTs because they enable the study of hard endpoints
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for disease in addition to intermediate outcomes and often provide a wider range of exposures for
study.

Dietary patterns and their food and nutrient characteristics are at the core of the conceptual
model that has guided the DGAC’s work (see Part B. Chapter 2: 2015 DGAC Themes and
Recommendations: Integrating the Evidence), and the relationship of dietary patterns to health
outcomes is the centerpiece of this chapter. The Committee considered evidence about the
relationship of diet with several health outcomes that are listed as major public health outcomes
of concern in Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and
Trends. Several of these outcomes—CVD, overweight and obesity, type 2 diabetes, congenital
anomalies, and bone health—also were addressed by the 2010 DGAC. Others—cancers (lung,
colon, prostate and breast) and neurological and psychological illness—while previously
addressed, are considered here in more depth and represent an expanded list of health outcomes
for which there is growing evidence of a diet-disease relationship. The 2015 Committee was not
able to consider the relationship between dietary patterns during the peri- and prenatal period and
pregnancy outcomes (e.g., birth weight, preterm birth, pregnancy complications) or other cancer
outcomes, such as total cancer mortality or gynecological, pancreatic, and gastric-esophageal
cancers due to time limitations and limited work done in these areas involving dietary patterns.
However, it is important to note that recently the NIH-AARP Diet and Health Study (n =
492,823) conducted in the United States demonstrated that high adherence on several indices (the
HEI-2010, the AHEI-2010, the aMED, and DASH) was associated with lower risk of overall
CVD and cancer mortality.” The authors concluded that this finding provides further credence
for using the dietary pattern approach, indicating that multiple dietary indices reflecting core
tenets of a healthy diet may lower the risk of mortality outcomes.®

Over the course of the DGAC’s review, when strong or moderate evidence related to dietary
patterns and a particular health outcome was available, the Committee focused its discussion on
dietary patterns and, as possible, highlighted the most consistent common food and nutrient
characteristics identified in the dietary patterns literature. When only limited or insufficient
evidence related to dietary patterns and a particular health outcome was available (as in the case
of congenital anomalies and neurological and psychological illnesses), the Committee
summarized these findings and also provided a brief summary of existing evidence on specific
foods and/or nutrients and selected health outcomes.

In addition to its work on dietary patterns, the DGAC considered conducting an evidence review
on the relationship between the role of the microbiome and various health outcomes. This novel
area of research has generated considerable interest in the scientific community and the lay
public. Investigators are examining the diversity of organisms (i.e., microbes) that inhabit
different parts of the body such as the gut, mouth, skin, and vagina, and are attempting to
understand how the microbial communities are influenced by diet, environment, host genetics
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and other microbes, as well as their association with various health outcomes. The DGAC
conducted an exploratory search but did not find sufficient evidence to address this question in
the 2015 report. However, the Committee considers the microbiome to be an emerging topic of
potential importance to future DGACs.

LIST OF QUESTIONS

Dietary Patterns and Cardiovascular Disease

1. What is the relationship between dietary patterns and risk of cardiovascular disease?

Dietary Patterns and Body Weight

2. What is the relationship between dietary patterns and measures of body weight or obesity?

Dietary Patterns and Type 2 Diabetes

3. What is the relationship between dietary patterns and risk of type 2 diabetes?

Dietary Patterns and Cancer

4. What is the relationship between dietary patterns and risk of cancer?

Dietary Patterns and Congenital Anomalies

5. What is the relationship between dietary patterns and risk of congenital anomalies?

Dietary Patterns and Neurological and Psychological llinesses

6. What is the relationship between dietary patterns and risk of neurological and psychological
illnesses?

Dietary Patterns and Bone Health

7. What is the relationship between dietary patterns and bone health?

METHODOLOGY

For the first time, the 2015 DGAC included a chapter focusing solely on the relationship between
dietary patterns and health outcomes. Although the 2010 DGAC considered some research on
certain dietary patterns and specific health outcomes, notably body weight, they did not complete

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 5



191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

NEL systematic reviews on this research. The 2015 DGAC began by acknowledging a desire to
continue and expand on the total diet approach initiated by the 2010 DGAC. They then identified
outcomes of public health concern on which to focus their reviews.

For the purposes of the 2015 DGAC, dietary patterns were defined as the quantities, proportions,
variety or combinations of different foods and beverages in diets, and the frequency with which
they are habitually consumed. Because the purpose of the Dietary Guidelines is to develop food-
based recommendations to promote health and reduce risk of diet-related disease, one of the key
aspects of the research that the DGAC considered was a description of the foods and beverages
consumed by participants in the studies that the Committee reviewed. This was particularly
important for the NEL systematic reviews, for which a description of foods and beverages was a
key criterion for inclusion. Data on nutrients were not required for inclusion, but were considered
when provided as part of the dietary pattern description.

Self-reported food and beverage intake was typically assessed using a qualitative or semi-
quantitative food intake questionnaire (i.e., FFQ). However, some studies used other methods,
such as 24-hour recalls. When reviewing the evidence, the Committee attempted to adhere to the
language used by the study authors in describing food groupings. There was variability across
the food groupings, and this was particularly apparent in the meat group; for example, “total
meat” may have been defined as “meat, sausage, fish, and eggs,” “red meat, processed meat, and
poultry,” or various other combinations of meat. Similarly, “vegetables” seemed to most often
exclude potatoes, but some studies included potatoes, yet they rarely provided information on
how the potatoes were consumed (e.g., fried versus baked). When reported in the studies, the
Committee considered these definitions in their review.

Because of the variability in dietary patterns methodology and food groupings reported, the
Committee focused on providing a qualitative description of healthy dietary patterns.
Additionally, as most studies reported intake in relative terms (e.g., comparing the first and fifth
quintiles or across tertiles), the Committee has presented its conclusions with relative
terminology (e.g., “higher” and “lower” in a certain component). Quantitative information on
dietary patterns is provided in Part D. Chapter 1: Food and Nutrient Intakes, and Health:
Current Status and Trends as part of the Dietary Patterns Composition section.

A number of studies in the scientific literature describe diets based on macronutrient proportion
or test only a specific food group or nutrient in the diet. For example, a low-carbohydrate diet fits
this description and has been of public interest. The DGAC reviewed the body of evidence
related to this type of diet as part of Question 2. Additionally, the Committee examined the
results of exploratory searches on low-carbohydrate diets (defined as less than 45 percent of
calories from carbohydrate) and all of the health outcomes considered in this chapter published
since 2000. Overall, it appears that only limited evidence is available to address the relationship
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between low-carbohydrate diets and health, particularly evidence derived from U.S.-based
populations. The most evidence available focuses on low-carbohydrate diets and body weight.
The 2010 DGAC examined the relationship between macronutrient proportion and various body
weight outcomes, concluding that:

“1) There is strong and consistent evidence that when calorie intake is controlled,
macronutrient proportion of the diet is not related to losing weight; 2) A moderate body of
evidence provides no data to suggest that any one macronutrient is more effective than any
other for avoiding weight re-gain in weight reduced persons; 3) A moderate body of evidence
demonstrates that diets with less than 45% of calories as carbohydrates are not more
successful for long-term weight loss (12 months). There is also some evidence that they may
be less safe. In shorter-term studies, low-calorie, high-protein diets may result in greater
weight loss, but these differences are not sustained over time; and 4) A moderate amount of
evidence demonstrates that intake of dietary patterns with less than 45% calories from
carbohydrate or more than 35% calories from protein are not more effective than other diets
for weight loss or weight maintenance, are difficult to maintain over the long term, and may
be less safe.”

The published literature since that review does not provide sufficient evidence to change these
conclusions. Thus, in summary, although studies that examine macronutrient proportion or that
test only a specific food group or nutrient are important, they answer different questions related
to diet and health than those proposed by the DGAC. In addition, these studies generally did not
meet the DGAC’s definition of a dietary pattern study unless a full description of the dietary
pattern consumed was provided and appropriate methods were used to adjust for the confounding
of foods and nutrients.

Questions 1, 2, and 3 were answered using existing reports, systematic reviews, and meta-
analyses. All three of these questions were addressed in the NEL Dietary Patterns Systematic
Review Project. This project was supported by USDA’s Center for Nutrition Policy and
Promotion and was informed by a Technical Expert Collaborative of experts in dietary patterns
research.? Additionally, the DGAC reviewed reports from systematic reviews recently conducted
by the National Heart, Lung, and Blood Institute (NHLBI) that included dietary patterns
research. For Question 1, the DGAC used the NHLBI Lifestyle Interventions to Reduce
Cardiovascular Risk: Systematic Evidence Review from the Lifestyle Work Group® and the
associated American Heart Association (AHA)/ American College of Cardiology (ACC)
Guideline on Lifestyle Management to Reduce Cardiovascular Risk.* For Question 2, the DGAC
used the NHLBI Managing Overweight and Obesity in Adults: Systematic Evidence Review from
the Obesity Expert Panel*? and the associated AHA/ACC/The Obesity Society (TOS) Guideline
for the Management of Overweight and Obesity in Adults.* For all three questions, in an attempt
to capture new research published since the searches for these systematic reviews were
completed, the Committee considered existing systematic reviews and meta-analyses published
in peer-reviewed journals since 2008. The existing systematic reviews and meta-analyses
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considered by the DGAC had to meet the general inclusion criteria of the DGAC, and were
required to consider dietary patterns and the outcomes of interest. A description of the process
the DGAC used to answer existing report questions is provided in Part C: Methodology. The
DGAC followed this approach, including consideration of reference overlap, for all three
questions. For more information on the existing reports, systematic reviews, and meta-analyses
considered by the DGAC, the reader is encouraged to review the original sources, which are
referenced within each evidence review.

Questions 4, 5, 6, and 7 were answered using NEL systematic reviews. A description of the NEL
process is provided in Part C: Methodology. All reviews were conducted in accordance with
NEL methodology, and the DGAC made all substantive decisions required throughout the
process to ensure that the most complete and relevant body of evidence was identified and
evaluated to answer each question. All steps in the process were documented to ensure
transparency and reproducibility. Specific information about individual systematic reviews can
be found at www.NEL.gov, including the search strategy, inclusion and exclusion criteria, a
complete list of included and excluded articles, and a detailed write-up describing the included
studies and the body of evidence. A link for each question is provided following each evidence
review.

Introductory sections were written for Questions 4, 5, 6, and 7 because the conclusion statements
for these questions were graded limited or insufficient. The purpose of the introduction was to
provide a brief description of the current evidence available related to foods and nutrients and the
health outcome of interest. However, this evidence was not considered in developing the dietary
pattern conclusion statements. During the course of the dietary pattern reviews, the DGAC chose
to highlight particular components of the diet, which are discussed further in Part D. Chapter 6:
Cross-Cutting Topics of Public Health Importance.

Question 1: What is the relationship between dietary patterns and risk of
cardiovascular disease?

Source of evidence: Existing reports

Conclusion

The DGAC concurs with the conclusions of the NEL Dietary Patterns Systematic Review Project
and AHA/ACC Guideline on Lifestyle Management to Reduce Cardiovascular Risk that strong
and consistent evidence demonstrates that dietary patterns associated with decreased risk of CVD
are characterized by higher consumption of vegetables, fruits, whole grains, low-fat dairy, and
seafood, and lower consumption of red and processed meat, and lower intakes of refined grains,
and sugar-sweetened foods and beverages relative to less healthy patterns. Regular consumption
of nuts and legumes and moderate consumption of alcohol also are shown to be components of a
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beneficial dietary pattern in most studies. Randomized dietary intervention studies have
demonstrated that healthy dietary patterns exert clinically meaningful impact on cardiovascular
risk factors, including blood lipids and blood pressure. Additionally, research that includes
specific nutrients in their description of dietary patterns indicate that patterns that are lower in
saturated fat, cholesterol, and sodium and richer in fiber, potassium, and unsaturated fats are
beneficial for reducing cardiovascular disease risk. DGAC Grade: Strong

Implications

Individuals are encouraged to consume dietary patterns that emphasize vegetables, fruits, whole
grains, legumes, and nuts; include low-fat dairy products and seafood; limit sodium, saturated
fat, refined grains, and sugar-sweetened foods and beverages; and are lower in red and processed
meats. Multiple dietary patterns can achieve these food and nutrient patterns and are beneficial
for cardiovascular health, and they should be tailored to individuals’ biological needs and
cultural as well as individual food preferences. The Committee recommends the development
and implementation of programs and services at the individual and population levels that
facilitate the improvement in eating behaviors consistent with the above dietary patterns.

Review of the Evidence

The DGAC examined research compiled in the NEL Dietary Patterns Systematic Review
Project, which included 55 articles summarizing evidence from 52 prospective cohort studies and
7 RCTs, and the 2013 AHA/ACC Lifestyle Guideline and associated NHLBI Lifestyle Report,
which included primarily RCTs. The Committee drew additional evidence and effect size
estimates from six published systematic reviews/meta-analyses published since 2008 that
included one or more studies not covered in the NEL or NHLBI Lifestyle reports.*** In total,
142 articles were considered in these reports, of which 35 were included in two or more reviews.
Little evidence on the contribution of dietary patterns to CVD risk factors in the pediatric
populations was available, and that which was published was not systematically reviewed.

Most evidence examining hard disease endpoints comes from large, prospective cohort studies in
adults using a priori scores to rank individuals with respect to adherence to dietary patterns of
interest. Though the observational design allows the necessary duration of follow-up to observe
CVD endpoints, comparison across studies was difficult because of different methods for
deriving scores and different versions of scores measuring adherence to the same dietary pattern.
In the Mediterranean dietary indices and the AHEI scores, moderate alcohol was included as a
“positive” component (associated with potential benefits). Red and processed meats were
“negative” (potentially detrimental) components in the Mediterranean scores, AHEI scores, and
DASH. Certain scores also included sugars or sugar-sweetened beverages as negative
components. Poultry was considered as a positive component in the original AHEI. Total high-
fat dairy was a negative component in the Mediterranean diet scores, but dairy was a positive
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component when meeting recommended intakes for the HEI-2005, and low-fat dairy was
positive in the DASH scores. As the NEL systematic review points out, several components of
scores associated with decreased CVD risk recurred in multiple dietary patterns and were
associated as part of scores and as individual components with reduced CVD risk. These
included consumption of vegetables, fruits, whole grains, nuts, legumes, unsaturated fats, and
fish.

The NHLBI Lifestyle Report summarized the evidence from two RCTs of the DASH dietary
pattern and two trials testing DASH variations with differing levels of sodium or macronutrients.
The diet provided to participants in standard DASH intervention trials was high in vegetables,
fruits, low-fat dairy products, whole grains, poultry, fish, and nuts. It also was low in sweets,
sugar-sweetened beverages, and reduced in (or lower in) red and processed meats. The DASH
dietary pattern is high in fiber and potassium and low in sodium, saturated fat, total fat, and
cholesterol. It is rich in potassium, magnesium, and calcium, as well as protein and fiber.

In contrast to the patterns described above, vegetarian diets were defined by what they excluded.
Variations included: vegan (no meat, fish, eggs, or dairy); lacto-ovo vegetarian (includes eggs
and dairy, but no fish or meat), and pesco-vegetarian (includes fish, but no meat) diets. The
content of these diets varied substantially, though they tended to emphasize plant based foods,
especially fruits and vegetables, legumes, nuts, and whole grains.

Dietary Patterns and Blood Pressure (BP)
DASH or DASH-style Dietary Patterns

The NEL systematic review and AHA/ACC Lifestyle Guideline conclude that strong and
consistent evidence from RCTs demonstrates that compared to a dietary pattern that is relatively
high in saturated fat and sodium and low in vegetables and fruits, the DASH-style dietary pattern
reduced BP by approximately 6/3 mmHg (systolic blood pressure/diastolic blood pressure)
across subgroups defined by sex, race, age, and hypertension status. The DASH trial provided all
food to participants for 8 weeks. Fat intake was relatively low at 26 percent of energy (7 percent
each monounsaturated and saturated, 10 percent polyunsaturated), compared to 36 percent in the
control group. Carbohydrates accounted for 57 percent of energy and protein for 18 percent.
Sodium was stable at 3,000 mg/day and body weight did not change. Variations of the DASH
diet also lowered blood pressure: in the OmniHeart Trial, compared to the standard DASH,
replacing 10 percent of calories from carbohydrate with either the same calorie content of protein
or with unsaturated fat (8 percent MUFA and 2 percent PUFA) lowered systolic BP by 1 mmHog.
Among adults with BP 140-159/90-95 mmHg, these substitutions lowered systolic BP by 3
mmHg relative to standard DASH.* **

Observational evidence summarized in the NEL report included one cohort showing that
increased DASH score was associated with small, but decreased levels of systolic and diastolic
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BP over time;?° two others cohorts showed no relationship between DASH scores and risk of
hypertension.?" 22

Mediterranean-Style Dietary Patterns

Several RCTs provide limited to moderate evidence on the benefits of a Mediterranean-style diet
for reducing blood pressure. The AHA/ACC Lifestyle Guideline conclude that consuming a
Mediterranean dietary pattern instead of a lower-fat dietary pattern had beneficial effects on
blood pressure. The NHLBI Lifestyle Report reviewed two RCTs of free-living middle-aged or
older adults (with type 2 diabetes or at least three CVD risk factors) in which a Mediterranean
diet intervention reduced BP by 6-7/2-3 mmHg.?® ** The report also reviewed one observational
study of healthy younger adults. Higher adherence to a Mediterranean-style diet, as measured
through a Mediterranean score, was associated with a decrease in BP of 2-3/1-2 mmHg.%

Vegetarian Dietary Patterns

Evidence for the blood pressure benefits of vegetarian dietary patterns is more limited, but
moderately consistent trends appear to exist. A recent meta-analysis of seven RCTs found that
consumption of vegetarian diets was associated with a reduction in mean systolic blood pressure
(-4.8 mm Hg; 95% CI = -6.6 to -3.1; p<0.01) and diastolic blood pressure (-2.2 mm Hg; 95% CI
= -3.5 to -1.0) compared with the consumption of omnivorous diets.'®* The AHA/ACC Lifestyle
Guideline did not find sufficient evidence to examine vegetarian dietary patterns, and the NEL
systematic review summarized only three studies comparing blood pressure outcomes in lacto-
0Vvo vegetarian diets versus non-vegetarian diets in which meat and fish were consumed. Of the
two studies, one was a large prospective cohort that found no association with blood pressure,?®
and the other was a RCT among individuals with hypertension that demonstrated a decrease in
systolic blood pressure, but not diastolic blood pressure.?” The more recent EPIC-Oxford cohort
found lower systolic, but not diastolic blood pressure compared to the findings of Crowe, 2013.%

Other Dietary Patterns

As summarized in the NEL systematic review, adherence to the 2005 Dietary Guidelines for
Americans was related to lower blood pressure in one study of healthy young adults. Zamora et
al reported 20-year findings from the CARDIA study including 4,381 Black and White young
adults.”® Participants in the highest (vs. lowest) quartile of adherence to the 2005 Dietary
Guidelines had significantly less increase in systolic and diastolic blood pressure over time.

Dietary Patterns and Blood Lipids
DASH or DASH-style Dietary Patterns

As reviewed in the NHLBI Lifestyle Report, RCTs of the DASH diet show favorable effects on
low-density lipoprotein cholesterol (LDL-C) and total cholesterol: high-density lipoprotein
cholesterol (total-C: HDL-C) ratio, and no effect on triglycerides (TG). Benefits were seen with a
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variety of different macronutrient compositions, though they were enhanced when some
carbohydrates in the standard DASH pattern were replaced with protein or unsaturated fat. In the
standard DASH, when food was supplied to adults with a total cholesterol level of less than 260
mg/dL and LDL-C less than 160 mg/dL, and body weight was kept stable, the DASH dietary
pattern compared to the control diet decreased LDL-C by 11 mg/dL, decreased HDL-C by 4
mg/dL, and had no effect on TG. The OmniHeart trial tested the DASH dietary pattern with
different macronutrient compositions among adults with average baseline LDL-C 130 mg/dL,
HDL-C 50 mg/dL, and TG 100 mg/dL. Modifying the DASH diet by replacing 10 percent of
calories from carbohydrate with 10 percent of calories from protein decreased LDL-C by 3
mg/dL, decreased HDL-C by 1 mg/dL, and decreased TG by 16 mg/dL compared to the DASH
dietary pattern. Replacing 10 percent of calories from carbohydrate with 10 percent of calories
from unsaturated fat (8 percent MUFA and 2 percent PUFA) decreased LDL-C similarly,
increased HDL-C by 1 mg/dL, and decreased TG by 10 mg/dL compared to the DASH dietary
pattern.™*

Mediterranean-style Dietary Patterns

As with blood pressure, few trials have evaluated the effects of Mediterranean dietary patterns on
blood lipids. According to the AHA/ACC Lifestyle Guideline, consuming a Mediterranean-style
diet (compared to minimal or no dietary advice) resulted in no consistent effect on plasma LDL-
C, HDL-C, and TG. In part, this was due to substantial differences in dietary interventions
conducted among free-living middle aged or older adults with or without CVD or at high risk for
CVD.! In the PREDIMED trial (reviewed in both the NHLBI Lifestyle and NEL reports), both
treatment groups (Mediterranean diet +olive oil or +nuts) had favorable changes in HDL-C,
total-C: HDL-C ratio and TG when compared to the control group, which received minimal
advice to follow a lower-fat diet.® One of the prospective cohort studies reviewed by the NEL
showed each one-point increase in alternate Mediterranean diet score assessed in adolescence
and early adulthood was associated with a -6.19 (-10.44, -1.55) mg/dL lower total cholesterol in
adulthood but no significant effects on HDL-C.*® Of other observational cohorts reviewed, one
reported adherence to a Mediterranean diet was associated with favorable changes in HDL-C and
TG, and another found no associations between adherence to a Mediterranean diet and blood
lipids.®2

Vegetarian Dietary Patterns

The NEL systematic review included three articles on vegetarian patterns that measured blood
pressure or blood lipids.?®?® One study reported decreased total-C*® and another reported
decreased non-HDL-C in vegetarian versus non-vegetarian participants.?®

Other Dietary Patterns

Of note, adherence to the 2005 Dietary Guidelines for Americans also was related to higher
HDL-C levels in a cohort of Black and White young adults.?®
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Dietary Patterns and Cardiovascular Disease Oufcomes

The NHLBI Lifestyle review did not include any trials examining the evidence of particular
dietary patterns with CVVD outcomes. Overall, the NEL systematic review found that individuals
whose diets mirrored the dietary patterns of interest (typically compared with diets having lower
scores) was associated with lower CVD incidence and mortality in 14 out of 17 studies. The
studies were predominantly observational, but included some trial evidence, and they typically
assessed dietary intakes through self-report. The effect sizes varied substantially, with the
decrease in risk of CVD ranging from 22 to 59 percent for increased adherence to various
Mediterranean-style dietary patterns and from 20 to 44 percent for increased adherence to a U.S.
Dietary Guidelines-related pattern (e.g., HEI or AHEI and updates). The majority of studies that
assessed coronary heart disease (CHD) incidence or mortality also reported a favorable
association between adherence to a healthy dietary pattern and CHD risk. The lower CHD risk
ranged from 29 to 61 percent for greater adherence to Mediterranean-style dietary patterns, from
24 to 31 percent for greater adherence to a U.S. Dietary Guidelines-related pattern, and from 14
to 27 percent for greater adherence to DASH. Similarly, the majority of studies assessing stroke
incidence or mortality reported favorable associations, with the lower stroke risk ranging from 13
to 53 percent for greater adherence to a Mediterranean-style dietary pattern and from 14 to 60
percent for greater adherence to a U.S. Dietary Guidelines-related pattern.?

Mediterranean-style Dietary Patterns

To gather additional information on dietary patterns and CVD outcomes, the DGAC consulted
two meta-analyses,™ *® which included many of the same observational prospective cohort
studies as one another and as the NEL systematic review. These meta-analyses each reported
summary estimates across studies as a 10 percent reduction in risk of CVD (fatal or nonfatal
clinical CVD event) per 2-increment increase in adherence to the Mediterranean-style diet. The
NEL report also included results from the largest Mediterranean diet trial, PREDIMED, which
found that a Mediterranean diet (plus extra virgin olive oil or nuts) had favorable effects in high-
risk participants compared to the control group who were advised to reduce dietary fat intake. An
approximately 30 percent decrease in risk of major CVD events (a composite endpoint including
myocardial infarction, stroke, and deaths) was observed and the trial was stopped early for
meeting benefit requirements.? 3 According to food questionnaires measuring adherence to the
assigned diet by the end of follow-up, the intervention groups had significantly increased
consumption of fish and legumes and non-significant reductions in refined grains and red meat
from baseline, in addition to increased intake of supplemental foods (olive oil or nuts depending
on the intervention arm), compared to the control group.

DASH-style Dietary Patterns

A recent meta-analysis'’ of six prospective cohort studies with CVD endpoints assessed DASH-
style diet through the Fung et al. method,® which assigns points based on population-specific
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quintiles of eight DASH dietary pattern components: fruits, vegetables, nuts and legumes, whole
grains, low-fat dairy, sodium, red and processed meats, and sweetened beverages. This meta-
analysis reported that greater adherence to a DASH-style diet significantly reduced CVD
(Relative Risk [RR]=0.80; 95% CI = 0.74 to 0.86), CHD (RR=0.79; 95% CI = 0.71 to 0.88), and
stroke (RR=0.81; 95% CI = 0.72 to 0.92). All of the studies meta-analyzed also were included
the NEL’s evidence base for the DASH-style diet.

Vegetarian Dietary Patterns

The NEL systematic review concluded that evidence for the effects of vegetarian dietary patterns
on cardiovascular endpoints is limited. Most of this evidence was from prospective cohort
studies; four out of six studies suggested that a vegetarian dietary pattern was associated with
reduced incidence of ischemic heart disease (IHD) or CVD mortality. A meta-analysis of seven
studies related to CVD mortality and vegetarian diet** (including two of the studies from the
NEL systematic review) found that mortality from IHD was significantly lower in vegetarians
than in non-vegetarians (RR=0.71; 95% CI = 0.56 to 0.87). The authors estimated a 16 percent
lower mortality from circulatory diseases (RR=0.84; 95% CI = 0.54 to 1.14) and a 12 percent
lower mortality from cerebrovascular disease (RR=0.88; 95% CI = 0.70 to 1.06) in vegetarians
compared to non-vegetarians.

For additional details on this body of evidence, visit: References 2, 10, 11, 14-19 and Appendix
E-2.26

DIETARY PATTERNS AND BODY WEIGHT

Question 2: What is the relationship between dietary patterns and measures of
body weight or obesity?

Source of evidence: Existing reports

Conclusion

The DGAC concurs with the 2013 AHA/ACC/TOS Guideline for the Management of
Overweight and Obesity that strong evidence demonstrates that, preferably as part of a
comprehensive lifestyle intervention carried out by multidisciplinary teams of professionals or
nutrition professionals, overweight and obese adults can achieve weight loss through a variety of
dietary patterns that achieve an energy deficit. Clinically meaningful weight losses that were
achieved ranged from 4 to 12 kg at 6-month follow-up. Thereafter, slow weight regain is
observed, with total weight loss at 1 year of 4 to 10 kg and at 2 years of 3 to 4 kg. However,
some dietary patterns may be more beneficial in the long-term for cardiometabolic health.
DGAC Grade: Strong
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The DGAC concurs with the NEL Dietary Patterns Systematic Review Project that moderate
evidence indicates dietary patterns that are higher in vegetables, fruits, and whole grains; include
seafood and legumes; are moderate in dairy products (particularly low and non-fat dairy) and
alcohol; lower in meats (including red and processed meats), and low in sugar-sweetened foods
and beverages, and refined grains are associated with favorable outcomes related to healthy body
weight (including lower BMI, waist circumference, or percent body fat) or risk of obesity.
Components of the dietary patterns associated with these favorable outcomes include higher
intakes of unsaturated fats and lower intakes of saturated fats, cholesterol, and sodium. DGAC
Grade: Moderate

Evidence for children is limited, but studies in the NEL Dietary Patterns Systematic Review
Project and the systematic review focused on this age group by Ambrosini et al.** suggest that
dietary patterns in childhood or adolescence that are higher in energy-dense and low-fiber foods,
such as sweets, refined grains, and processed meats, as well as sugar-sweetened beverages,
whole milk, fried potatoes, certain fats and oils, and fast foods increase the risk of obesity later
on in life. DGAC Grade: Limited

Implications

To achieve and maintain a healthy body weight, individuals are encouraged to consume dietary
patterns that are higher in vegetables, fruits, and whole grains; include seafood and legumes; are
moderate in dairy products (with an emphasis on low- and non-fat dairy), and alcohol; and are
lower in meats (including red and processed meats), sugar-sweetened foods and beverages, and
refined grains. During childhood and adolescence, a time period critical for the prevention of
obesity later in life, a dietary pattern similar to that associated with a healthy weight in adults
should be encouraged.

Among overweight and obese individuals, an energy deficit is necessary to achieve weight loss.
This can be achieved through a variety of evidence-based dietary patterns and should be
approached with comprehensive lifestyle interventions. While it is possible to lose weight on
his/her own, it is more successful if conducted by trained professionals or by referral to a
nutrition professional for individual or group counseling (for more details refer to
AHA/ACC/TOS Guideline for the Management of Overweight and Obesity*® algorithm Box
11B). Strategies should be based on the individual’s preferences and health status and consider
the socio-cultural influences on lifestyle behaviors that relate to long-term behavior maintenance.
These approaches are best complemented with population-based approaches, as mentioned in
Part D. Chapter 3: Individual Diet and Physical Activity Behavior Change and Part D.
Chapter 4: Food Environment and Settings, which will allow all factors influencing lifestyle
behaviors to be addressed as defined in the socio-ecological model.
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Review of the Evidence

The DGAC considered evidence from the 2013 AHA/ACC/TOS Obesity Guideline and
associated NHLBI Obesity Report, which included only randomized trials,** '3 the NEL Dietary
Patterns Systematic Review Project,? which included 38 studies predominately of prospective
cohort design and a few randomized trials, and two systematic reviews/meta-analyses published
since 2008.>* * In total, 81 articles were considered in these reports. The published reviews
provided evidence for the pediatric population (included 7 studies of which 2 overlapped with
those in the NEL review) and further evidence for dietary patterns related to the Mediterranean-
style diet and its effect on obesity and weight loss (all randomized trials of which 1 out of the 16
studies overlapped with the NEL review).

Dietary Patterns and the Management of Overweight and Obesity

In the NHLBI Obesity Report, the 12 randomized studies described in summary Table 3.1 of the
report all confirm that to lose weight, a variety of dietary pattern approaches can be used and a
reduction in caloric intake is required. The energy balance equation requires that for weight loss,
one must consume less energy than one expends or expend more energy than one consumes. The
report states that any one of the following methods can be used to reduce food and calorie intake:
prescription of 1,200 to 1,500 kcal/day for women and 1,500 to 1,800 kcal/day for men (kcal
levels are usually adjusted for the individual’s body weight); prescription of a 500 kcal/day or
750 kcal/day energy deficit; or prescription of an evidence-based diet that restricts certain food
types (such as high-carbohydrate foods, low-fiber foods, or high-fat foods) in order to create an
energy deficit by reduced food intake.

For the different dietary approaches (provided either as part of a comprehensive lifestyle change
intervention carried out by a multi-disciplinary team of trained professionals or within nutrition
interventions conducted by nutrition professionals) that the authors of the report evaluated, it is
evident that all prescribed diets that achieved an energy deficit were associated with weight loss.
There was no apparent superiority of one approach when behavioral components were balanced
in the treatment arms. Results indicated that average weight loss is maximal at 6 months with
smaller losses maintained for up to 2 years, while treatment and follow-up taper. Weight loss
achieved by dietary techniques aimed at reducing daily energy intake ranges from 4 to 12 kg at
6-month follow-up. Thereafter, slow weight regain is observed, with total weight loss at 1 year of
4 t0 10 kg and at 2 years of 3 to 4 kg. The following dietary approaches are associated with
weight loss if reduction in dietary energy intake is achieved:

e A diet from the European Association for the Study of Diabetes Guidelines, which

focuses on targeting food groups, rather than formal prescribed energy restriction while
still achieving an energy deficit.
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e Higher protein (25 percent of total calories from protein, 30 percent of total calories from
fat, 45 percent of total calories from carbohydrate) with provision of foods that realized
energy deficit.

e Higher protein Zone™-type diet (5 meals/day, each with 40 percent of total calories from
carbohydrate, 30 percent of total calories from protein, 30 percent of total calories from
fat) without formal prescribed energy restriction but realized energy deficit.

e Lacto-ovo-vegetarian-style diet with prescribed energy restriction.
e Lowe-calorie diet with prescribed energy restriction.

e Low-carbohydrate (initially less than 20 g/day carbohydrate) diet without formal
prescribed energy restriction but realized energy deficit.

e Low-fat (10 percent to 25 percent of total calories from fat) vegan-style diet without
formal prescribed energy restriction but realized energy deficit.

e Low-fat (20 percent of total calories from fat) diet without formal prescribed energy
restriction but realized energy deficit.

e Low-glycemic load diet, either with formal prescribed energy restriction or without
formal prescribed energy restriction but with realized energy deficit.

e Lower fat (<30 percent fat), high dairy (4 servings/day) diets with or without increased
fiber and/or low-glycemic index/load foods (low-glycemic load) with prescribed energy
restriction.

e Macronutrient-targeted diets (15 percent or 25 percent of total calories from protein; 20
percent or 40 percent of total calories from fat; 35 percent, 45 percent, 55 percent, or 65
percent of total calories from carbohydrate) with prescribed energy restriction.

e Mediterranean-style diet with prescribed energy restriction.

e Moderate protein (12 percent of total calories from protein, 58 percent of total calories
from carbohydrate, 30 percent of total calories from fat) with provision of foods that
realized energy deficit.

e Provision of high-glycemic load or low-glycemic load meals with prescribed energy
restriction.

e The AHA-style Step 1 diet (with prescribed energy restriction of 1,500 to 1,800 kcal/day,
<30 percent of total calories from fat, <10 percent of total calories from saturated fat).

Although these dietary patterns with an energy deficit will result in weight loss during a 6-
months to 2-year period, long-term health implications with certain patterns may be detrimental
to cardiometabolic health. These associations have been discussed in the dietary patterns and
cardiovascular health section as well as the saturated fat and cardiovascular health section.
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As presented in Table D2.1 at the end of the chapter, the results of the randomized studies
considered in the AHA/ACC/TOS Guideline provide evidence for what works in terms of the
components of a comprehensive lifestyle intervention or nutrition interventions that are needed
to achieve weight loss with the variety of dietary approaches described above.

Dietary Patterns and their Association with Body Weight

A total of 14 studies met the inclusion criteria for the index/score question of the NEL systematic
review and were categorized based on dietary pattern exposure. Two major categories were
identified: (1) studies that examined exposure based on a Mediterranean-designated dietary
pattern and (2) studies that examined exposure based on expert dietary guidelines
recommendations. Taken together, there were six studies on Mediterranean-designated diet
scores, > 31323638 £iye studies on dietary guidelines-based indices,***® two studies on
Mediterranean-designated scores and dietary guidelines indices,*"** and one study that used a
trial-based customized score.*® Two of the studies were RCTs of positive quality”® *® and 12
were prospective cohort studies. The studies were carried out between 2006 and 2012.

The sample sizes for prospective cohort studies ranged from 732 to 373,803 participants, with
follow-up times from 1.5 to 20 years. Ten out of 12 of the prospective cohort studies were
conducted with generally healthy adults with a mean age of 25 to 63 years. Two studies were
conducted with children and adolescents (one with girls).*> *° The two RCTs were conducted in
adults with elevated chronic disease risk: one study with a Mediterranean-designated diet
intervention on older adults at increased CVD risk with more than 90 percent overweight or
obese?® and one study using an a priori diet intervention on men with pre-existing metabolic
syndrome.*® The sample sizes for the RCTs were from 187 to 769 subjects and duration of
follow-up ranged from 3 to 12 months.

Mediterranean-style Dietary Pattern

Four out of the six studies evaluating the Mediterranean style dietary pattern were conducted in
Spain.? 323537 Of the other two, one study was the European multicenter study that was part of
the EPIC-Physical Activity, Nutrition, Alcohol Consumption, Cessation of Smoking, Eating out
of Home, and Obesity (EPIC-PANACEA) study,*® and one was conducted in the United States.*

Dietary Patterns and Body Weight and Incidence of Overweight and/or Obesity

The Prevencion con Dieta Mediterranean (PREDIMED) study tested the effects of a
Mediterranean diet on the primary prevention of cardiovascular disease in a high-risk group of
men and women. Subjects either had type 2 diabetes or three cardiovascular disease risk factors
(such as hypertension or current smoking) and 90 percent were overweight or obese defined as
BMI >25 kg/m®. The PREDIMED trial randomly assigned participants to three interventions: (1)
Mediterranean diet with extra virgin olive oil, (2) Mediterranean diet with mixed nuts, and (3)
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low-fat diet. At end of 3 months of a 4-year clinical trial, the authors found that the
Mediterranean diet score increased in the two Mediterranean diet groups of the trial and
remained unchanged in the low-fat group. However, no significant changes in body weight and
adiposity occurred within or between groups from baseline to the 3 months. Beunza et al., 2010
reported on a prospective cohort study in Spain, the Seguimiento Universidad de Navarra (SUN)
study.® Participants with the highest adherence to a Mediterranean dietary pattern, assessed
using the Trichopoulou Mediterranean Diet Score (MDS) were found to have lower average
yearly weight gain, -0.059 kg/y (95% CI =-0.111 to -0.008 kg/y; p for trend = 0.02), than
participants in the lowest adherence group.” However, the MDS was not associated with
incidence of overweight or obesity in participants who were normal weight at baseline. Mendez
et al., 2006 reported on the EPIC-Spain prospective cohort study.®” Adherence to a
Mediterranean diet was assessed using a slight modification of the Trichopoulou MDS, with
exposure categorized in tertiles of low (0-3), medium (4-5), and high (6-8) adherence.
Participants with highest MDS adherence had reduced incidence of obesity when overweight at
baseline; overweight women and men were 27 percent and 29 percent, respectively, less likely to
become obese. High MDS adherence was not associated with incidence of overweight in subjects
who were normal weight at baseline. The EPIC-PANACEA study examined the association
between adherence to the relative Mediterranean dietary pattern (rMDS), prospective weight
change, and the incidence of overweight or obesity. Participants with high rMED adherence
gained less weight in 5 years than did participants with low rMED adherence (-0.16 kg; 95% CI
=-0.24 to0 -0.07 kg) and had a 10 percent lower odds of becoming overweight or obese (OR =
0.90; 95% CI = 0.82 to 0.96). The contribution of each rMED scoring component also was
assessed and it was found that the association between rMED and weight change was no longer
significant when meat and meat products were not part of the score. Lastly, a meta-analysis of
the odds ratio scores of all 10 European countries showed that a 2-point increase in rMED score
was associated with 3 percent (95% CI = 1 to 5%) lower odds of becoming overweight or obese
over 5 years.

Dietary Patterns and Waist Circumference

Rumawas et al., 2009 conducted a prospective cohort study using a subset of the Framingham
Offspring and Spouse (FOS) study.® Dietary exposure was assessed in quintiles of low to high
adherence to the Mediterranean style dietary pattern score (MSDPS). Participants with a higher
MSDPS had significantly lower waist circumference (p for trend < 0.001). Tortosa et al., 2007
reported on the association of the Mediterranean dietary pattern and metabolic syndrome in the
SUN study conducted in Spain.* Participants in the highest tertile of adherence to the MDS had
lower waist circumference, -0.05 cm over 6 years (p for trend = 0.038), compared to the lowest
tertile.

Although some mixed results from prospective studies may be due to differences in the length of
follow up, definition of the Mediterranean dietary pattern and population included, the results of
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randomized studies indicate a significant reduction in body weight when calories are restricted.
A high quality meta-analysis (AMSTAR rating of 11) on the association of a Mediterranean-
style diet with body weight conducted by Esposito included 16 randomized studies of which
one*? overlapped with the NEL systematic review was included in the DGAC body of evidence
for this question. The meta-analysis included studies conducted in the United States, Italy, Spain,
France, Israel, Greece, Germany, and the Netherlands that lasted from 4 weeks to 24 months
with a total of 3,436 participants. Using a random effects model, participants in the
Mediterranean diet group had significant weight loss (mean difference between Mediterranean
diet and control diet, -1.75 kg; 95% CI = -2.86 to -0.64) and reduction in BMI (mean difference,
-0.57 kg/m?; 95% CI = 0.93 to 0.21 kg/m?) compared to those in the control arm. The effect of
Mediterranean diet on body weight was greater in association with energy restriction (mean
difference, -3.88 kg; 95% CI = -6.54 to -1.21 kg), increased physical activity (-4.01 kg; 95% CI
=-5.79 to -2.23 kg), and follow up longer than 6 months (-2.69 kg; 95% CI = -3.99 to -1.38 kg).
Across all 16 studies, the Mediterranean style dietary pattern did not cause weight gain.

Dietary Guidelines-Based Indices

Of the seven studies conducted on dietary guidelines-based indices, three studies were conducted
in the United States with U.S.-based indices.®* *** One study was conducted in Germany with
an index developed in the United States,*” and two studies were conducted in France (one used a
French index,* and the other compared six different dietary scores).*

Dietary Patterns and Body Weight and Incidence of Overweight and/or Obesity

Gao et al., 2008 reported on a prospective cohort study of White, African American, Hispanic,
and Chinese men and women in the Multi-Ethnic Study of Atherosclerosis (MESA) in the US.
Two versions of the 2005 HEI were used: the original and a modified version that adjusted the
food group components to incorporate levels of caloric need based on sex, age, and activity
level.** For the overall population, there was an inverse association between quintiles of each
HEI score and BMI (p<0.001). The risk of obesity in normal weight participants was inversely
associated with HEI scores only for Whites (p<0.05). A comparison of the HEI-1995 and HEI-
2005 scores indicated that beta-coefficients, as predictors of body weight and BMI, were higher
for the HEI-2005 scores in Whites. Zamora et al., 2010 analyzed data from the prospective
cohort study, Coronary Artery Risk Development in Young Adults (CARDIA), conducted in the
United States, to examine the association between diets consistent with the 2005 Dietary
Guidelines and subsequent weight gain in Black and White young adults.*® The Diet Quality
Index (DQI) included 10 components of the 2005 Dietary Guidelines relating to the
consumption of total fat, saturated fat, cholesterol, added sugars, reduced-fat milk, fruit,
vegetables, whole grains, nutrient-dense foods, and limited sodium and alcohol intake. They
found, a 10-point increase in DQI score was associated with a 10 percent lower risk of gaining
10 kg in normal-weight Whites. However, the same magnitude increase in score was associated
with a 15 percent higher risk in obese Blacks (p<0.001). Kesse-Guyot et al., 2009 conducted a
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prospective cohort study in France to examine the association between adherence to a dietary
score based on the French 2001 nutritional guidelines (Programme National Nutrition Sante”
guidelines score (PNNS-GS) and changes in body weight, body fat distribution, and obesity
risk.* The PNNS-GS includes 12 nutritional components: fruit and vegetables, starchy foods,
whole grains, dairy products, meat, seafood, added fat, vegetable fat, sweets, water and soda,
alcohol, and salt. The last PNNS-GS component is physical activity. In fully adjusted models, an
increase of one PNNS-GS unit was associated with lower weight gain (p=0.004), and lower BMI
gain (p=0.002). An increase of 1 PNNS-GS unit was associated with a lower probability of
becoming overweight (including obese) (OR = 0.93; 95% CI = 0.88 to 0.99). Similarly, an
increase of 1 PNNS-GS unit was associated with a lower probability of becoming obese (OR =
0.89; 95% CI = 0.80 to 0.99).

Two studies were conducted in children. Cheng et al., 2010 analyzed data from a prospective
cohort study conducted in Germany, the Dortmund Nutritional and Anthropometric
Longitudinally Designed (DONALD) study, to examine whether the diet quality of healthy
children before puberty was associated with body composition at onset of puberty.*® Adherence
to a diet pattern was assessed by the Revised Children’s Diet Quality Index (RC-DQI) which was
based on the Dietary Guidelines for Americans. In this study, a higher dietary quality was
associated with a higher energy intake, and children with a lower diet quality had lower BMI and
Fat Mass Index (FMI) Z-scores at baseline (p<0.01) but not at onset of puberty. Berz et al., 2011
reported on a prospective cohort study to assess the effects of the DASH eating pattern on BMI
in adolescent females over a 10-year period.*® Only seven out of the 10 original components of
the DASH score were used; the three excluded were added sugars, discretionary fats and oils,
and alcohol. Overall, girls in the highest vs. lowest quintile of DASH score had an adjusted mean
BMI of 24.4 vs. 26.3 kg/m2 (p<0.05).

Dietary Patterns and Waist Circumference

Gao et al, found, for the overall population in the MESA study, an inverse association between
quintiles of each HEI score and waist circumference (WC) (p<0.001).** The study by Kesse-
Guyot conducted in France showed, in fully adjusted models, an increase of one PNNS-GS unit
was associated with lower waist circumference gain (p=0.01) and lower waist-to-hip ratio gain
(p=0.02).*

Other Indices

Jacobs et al., 2009 conducted an RCT in Norway, the Oslo Diet and Exercise Study, to examine
the effect of changes in diet patterns on body weight and other outcomes among men who met
the criteria for the metabolic syndrome (n=187 men).*® Study participants were randomly
assigned to: (1) the diet protocol, (2) the exercise protocol, (3) the diet + exercise protocol, or (4)
the control protocol. The trial duration was 12 months. The authors created their own diet score
to assess adherence to the intervention. The score was based on summing the participants
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ranking of intake (across tertiles) of 35 food groups that, based on the literature, had a beneficial
neutral or detrimental effect on health. A higher score reflected greater adherence to the diet
intervention. Over the course of the intervention, the diet score increased by 2 points (SD £5.5)
in both diet groups, with a decrease of an equivalent amount in the exercise and control groups.
A 10-point change in the diet score during the intervention period was associated with a 3.5 kg
decrease in weight, a 2.8 cm decrease in waist circumference and 1.3 percent decrease in percent
body fat (all significant at p<0.0001).

Studies that Compared Various Dietary Indices

In a study by Lassale et al., subjects were participants in the SUpplementation en VItamines et
Minereaux AntioXydants (SU.VI.MAX) study and diet quality was assessed using a
Mediterranean Score (MDS, rMED, MSDPS), the Diet Quality Index-International (DQI-I), the
2005 Dietary Guidelines for Americans Adherence Index (DGAI), and the French Programme
National Nutrition Sante-Guidelines Score (PNNS-GS).** Overall, better adherence to a
Mediterranean diet (except for the MSDPS) or expert dietary guidelines was associated with
lower weight gain in men who were normal weight at baseline (p for trend = <0.05). In addition,
among the 1,569 non-obese men at baseline, the odds of becoming obese associated with one
standard deviation increase in dietary score ranged from OR = 0.63 (95% CI = 0.51 to 0.78) for
the DGAI to OR =0.72 (95% CI = 0.59 to 0.88) for the MDS, only the MSDPS was non-
significant. In women, no association between diet scores and weight gain or incidence of
obesity was found. Woo et al., 2008 reported on a prospective cohort study in Hong Kong to
examine adherence to a diet pattern using the MDS and the Diet Quality Index International
(DQI-1).** They found that increased adherence to either the MDS or DQI-I was not associated
with becoming overweight.

Dietary Patterns from Data-Driven Methods

In the NEL review, a total of 11 studies from prospective cohort studies were included that either
used factor or cluster analyses to derive dietary patterns. Eight of the eleven studies were
conducted in the United States, with additional studies from the United Kingdom, Iran, and
Sweden. The sample sizes ranged from 206 to 51,670 participants with follow-up times from 3 to
20 years. The majority of the studies were conducted with generally healthy adult men and
women,*? five studies included women only,>**" and one was conducted in children to
examine weight gain in adolescence over the period of follow-up.*® Outcomes examined
included change in body weight (3 studies), BMI (7 studies), and waist circumference (6
studies); one study examined both percent body fat and incidence of overweight/obesity.

Most of the studies found at least two generic food patterns: a “healthy/prudent” food pattern and
an “unhealthy/western” pattern. Generally, healthy patterns were associated with more favorable
body weight outcomes, while the opposite was seen for unhealthy patterns. However, not all
studies reported significant associations. There was a potential difference in associations found
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by sex: of the three studies that analyzed men and women separately, men tended to have null
results. However, data were insufficient to draw conclusions about population subgroups.
Furthermore, because the patterns are data-driven, they represent what was consumed by the
study population, and thus it is difficult to compare across the disparate patterns. The one study
that analyzed the dietary patterns of pre-pubescent children transitioning into adolescence
showed that patterns vary widely at this age and caution should be observed when analyzing
these data because the diet of children changes rapidly, as does their weight.

The DGAC considered the systematic review by Ambrosini et al. that included seven articles,
two of which overlapped with the NEL review.** Results demonstrated a positive association
between a dietary pattern high in energy-dense, high fat, and low fiber foods and later obesity (4
of the 7 studies), while three studies demonstrated null associations. The seven longitudinal
studies of children from the United Kingdom, United States, Australia, Norway, Finland, and
Colombia had follow-up periods ranging from 2 to 21 years and had sample sizes from 427 to
6772 individuals. The studies determined dietary patterns using factor or cluster analysis (5) or
reduced rank regression (2).

For additional details on this body of evidence, visit: References 2, 13, 34, 35 and Appendix E-
2.27

DIETARY PATTERNS AND TYPE 2 DIABETES

Question 3: What is the relationship between dietary patterns and risk of type 2
diabetes?

Source of evidence: Existing reports

Conclusion

Moderate evidence indicates that healthy dietary patterns higher in vegetables, fruits, and whole
grains and lower in red and processed meats, high-fat dairy products, refined grains, and
sweets/sugar-sweetened beverages reduce the risk of developing type 2 diabetes. DGAC Grade:
Moderate

Evidence is lacking for the pediatric population.

Implications

To reduce the risk of developing type 2 diabetes, individuals are encouraged to consume dietary
patterns that are rich in vegetables, fruits, and whole grains and lower in red and processed
meats, high-fat dairy, refined grains, and sweets/sugar-sweetened beverages in addition to
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maintaining a healthy body weight. Diabetes can be prevented through the consumption of a
variety of healthy dietary patterns that share these components and that are tailored to the
biological needs and socio-cultural preferences of the individual and carried out preferably
through counseling by a nutrition professional.

Review of the Evidence

The Committee considered two sources of evidence. The primary source was the NEL Dietary
Patterns Systematic Review Project which included 37 studies predominantly of prospective
cohorts design and some randomized trials (n=8).2 This primary source was supplemented by a
published meta-analysis®® that included 15 cohort studies of which 13 overlapped with the NEL
review.*® The meta-analysis provided an estimate of the effect size of incident type 2 diabetes
associated with a healthy and unhealthy dietary pattern.

Although the NEL rated the overall body of evidence for type 2 diabetes as limited, this was
primarily a result of examining the different methods for defining dietary patterns (e.g. indices,
data driven, and reduce rank regression) separately. As such, the NEL noted these
methodological inconsistencies across studies but stated general support for the consumption of a
dietary pattern rich in vegetables and fruits and low in high-fat dairy and meats. The DGAC
concurred with this conclusion. However, the DGAC has elevated the grade of the entire body of
evidence to moderate given that the NEL findings were corroborated by the results of a high
quality meta-analysis (AMSTAR rating of 11) and the magnitude of the associations that showed
when the results of 15 cohort studies are pooled, evidence indicated a 21 percent reduction in the
risk of developing type 2 diabetes associated with dietary patterns characterized by high
consumption of whole grains, vegetables, and fruit. Conversely, a 44 percent increased risk of
developing type 2 diabetes was seen with an unhealthy dietary pattern characterized by higher
consumption of red or processed meats, high-fat dairy, refined grains, and sweets.

Dietary Patterns and Incident Type 2 Diabetes
Dietary Approaches to Stop Hypertension (DASH)

One study used the DASH score in a cohort of 820 U.S. adults ages 40 to 69 years and with
equal sex distribution and racial diversity.> Liese et al. found adherence to the DASH score was
associated with markedly reduced odds of type 2 diabetes in Whites but not in the total
population, or in the Blacks and Hispanics, which comprised the majority of this cohort.

Mediterranean-style Dietary Patterns

Three studies assessed Mediterranean-style dietary pattern adherence (Mediterranean Diet Score
[MDS]) with sample sizes ranging from 5,000 to more than 20,000 in both Mediterranean and
U.S. populations. One study conducted in Spain with the SUN cohort (n=13,380) found a
favorable association between the MDS (the original MDS of Trichopoulou) and risk of type 2
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diabetes. Overall, a 2-point increase in MDS was associated with a 35 percent reduction in risk
of type 2 diabetes.?® Another study, conducted in Greece with the EPIC-Greece cohort
(n=22,295), also assessed the relationship between the MDS and type 2 diabetes. In this second
Mediterranean population, adherence to the MDS also was favorably associated with decreased
risk of diabetes.®* Conversely, a study conducted in the United States, using the authors’
MedDiet Score with the Multi-Ethnic Study of Atherosclerosis (MESA) cohort (n=5,390) found
no association between their MedDiet Score and type 2 diabetes incidence in the total
population, in men or women, or in specific racial/ethnic groups.®?

Dietary Indices based on the Dietary Guidelines

Four studies used dietary guidelines-based indices such as the AHEI and the Diet Quality Index
(DQI). The sample sizes of the studies ranged from 1,821 to 80,029. A study that assessed
adherence to the AHEI in the United States found a favorable association between AHEI score
and risk of incident type 2 diabetes in women in the Nurses’ Health Study (n=80,029).63 In the
CARDIA study (n=4,381), also from the United States, the authors found no association between
DQI-2005 score and type 2 diabetes incidence in the total population or in Blacks or Whites.?
Studies from outside the United States included one conducted in Australia using a Total Diet
score in the Blue Mountains Eye Study (BMES, n=1,821) and one from Germany using a
German Food Pyramid Index with the EPIC-Potsdam cohort (n=23,531). Neither found an
association between these scores and incident type 2 diabetes.®* ® Thus, evidence for an
association only exists with the AHEI, which does contain slightly different components from
the other indices, such as nuts and legumes, trans fat, EPA + DHA (n—-3 FAs), PUFAs, alcohol,
red and processed meat.

Data-Driven Approaches

Eleven studies used factor analysis and one study used cluster analysis. These analyses were all
conducted using data from prospective cohort studies published between 2004 and 2012 and had
sample sizes ranging from 690 to more than 75,000 individuals. Five studies were conducted in
the United States and the rest from developed countries around the world. Each study identified
one to four dietary patterns, with the most common comparison between "western"/"unhealthy"
and "prudent”/"healthier" patterns; a total of 35 diverse dietary patterns were identified within
the body of evidence. Many studies had null findings, particularly studies with duration of less
than 7 years of follow up.?®® Patterns associated with lower risk of type 2 diabetes were
characterized by higher intakes of vegetables, fruits, low-fat dairy products, and whole grains,
and those associated with increased risk were characterized by higher intakes of red meat, sugar-
sweetened foods and drinks, French fries, refined grains, and high-fat dairy products. However,
the food groups identified varied substantially, even among patterns with the same name.

Three prospective cohort studies used reduced rank regression to examine the relationship
between dietary patterns and type 2 diabetes.”®"? Two of the studies were conducted in the
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United States and one in the United Kingdom. The sample sizes were 880 for Liese (2009),
2,879 for Imamura (2009), and 6,699 for McNaughton (2008). The independent variables in
these studies were dietary pattern scores, and biomarkers were used as response variables in two
of the studies. Dietary patterns that included meat intake and incident type 2 diabetes were
positively associated in the two studies that used biomarkers as response variables, though the
definitions of meat differed.”” ™ However, because so few studies were available and the
methodology used and different populations considered varied so much, the information was
insufficient to assess consistency or draw conclusions.

Other Dietary Patterns

The body of evidence examined included seven studies conducted between 2004 and 2013,
consisting of six RCTs’>"® and one prospective cohort study (PCS).® Two studies were
conducted in the United States; one in the United States and Canada; one in Spain (2
PREDIMED articles); and one each in Greece, Italy, and Sweden. The sample sizes of the RCTs
ranged from 82 to 1,224 participants and the PCS had a sample size of 41,387 participants. All
eight studies were conducted in adults. RCT duration ranged from 6 weeks to a median of 4
years and the PCS duration was 2 years. The RCTs were primary prevention studies of at-risk
participants. Baseline health status in the study participants included those with mild
hypercholesterolemia, overweight or obesity, metabolic syndrome, abdominal obesity, and three
or more CVD risk factors, including metabolic syndrome. The PCS participants were individuals
in the Adventist Health Study who did not have type 2 diabetes.®® Three studies looked at a
Mediterranean-style diet,” """ one study examined the Nordic diet (defined by the authors of
the study as a diet rich in high-fiber plant foods, fruits, berries, vegetables, whole grains,
rapeseed oil, nuts, fish and low-fat milk products, but low in salt, added sugars, and saturated
fats),” and three studies looked at either the DASH diet or a variation of the DASH diet,”* " or a
vegetarian diet.®°

Two of the seven studies examined the association between adherence to a dietary pattern and
incidence of type 2 diabetes.” ® Although the results of both studies showed a favorable
association between either a Mediterranean-style or a vegetarian dietary pattern and incidence of
type 2 diabetes the studies differed in design and dietary pattern used to assess diet exposure.
The other studies examined the intermediate outcomes of impaired glucose tolerance and/or
insulin resistance and are discussed in the next section.

Dietary Patterns and Intermediate Outcomes

Five studies examined adherence to a dietary pattern and intermediate outcomes related to
glucose tolerance and/or insulin resistance: two RCTs?* % and three prospective cohort studies.”®
3184 1t was difficult to assess food components across these studies, as numerous different scores
were used and no compelling number of studies used any one score or index. Even so, favorable
associations between dietary patterns and intermediate outcomes were found.
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The two RCTs were conducted in populations in Europe that were at risk of diabetes. An early
report from the PREDIMED trial showed that a Mediterranean diet decreased fasting blood
glucose, fasting insulin, and HOMA-IR scores in a Spanish population at risk of CVD.?® In the
Oslo Diet and Exercise Study (ODES), increased adherence to the authors’ a priori diet score
resulted in decreased fasting insulin and insulin after a glucose challenge, but not fasting glucose,
in Norwegian men with metabolic syndrome.* Results from prospective cohort studies were
consistent in showing a favorable association between diet score and fasting glucose, fasting
insulin or HOMA-IR,?* *! with the exception of one study that found the association with fasting
glucose only in men.®

Data-Driven Approaches

Variations in populations studies, definition of outcomes, dietary assessment methodologies, and
methods used to derive patterns resulted in a highly variable set of dietary patterns, thus making
it difficult to draw conclusions from studies using data-driven approaches. For example, one
study measured fasting blood glucose with a cutoff of 6.1 and greater mmol/L;*" another study
measured plasma glucose with a cutoff of 5.1 and greater mmol/L,* while a third study
measured plasma glucose after an overnight fast and after a standard 75 g oral glucose tolerance
test.®? Three prospective cohort studies assessed the association between dietary patterns and
plasma glucose levels. Two U.S. studies derived patterns using cluster analysis*” % and one
study conducted in Denmark used factor analysis.?? Duffey et al. identified two diet clusters:
“Prudent Diet” and “Western Diet”;*” Kimokoti et al. identified five clusters: “Heart Healthier,”
“Lighter Eating,” “Wine and Moderate Eating,” “Higher Fat,” and “Empty Calories™;* and Lau
et al. derived two factors: “Modern” and “Traditional.”®

For additional details on this body of evidence, visit: References 2, 58, and Appendix E-2.28

DIETARY PATTERNS AND CANCER
Existing Evidence around Foods and Nutrients and Cancer

The role of dietary composition in cancer risk has been postulated since ancient times, yet
scientific evidence for such relationships was sparse until nearly a century ago. Experimental
models of cancer based upon chemical carcinogens, radiation, viral-transmission, and inherited
genetic variations gradually emerged in first half of the 20th century and were soon found to be
influenced by dietary and nutritional interventions. The establishment of population-based cancer
registries around the globe in the years following World War 11 clearly indicated that the
incidence and mortality of specific cancers and the patterns of cancers varied widely between
countries. Soon, studies of migrant populations demonstrated that in parallel with acculturation,

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 27



1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

cancer risk evolved toward that observed in the adopted country, implicating a strong role for
environmental influences, such as dietary patterns, in cancer risk. When coupled with national
food consumption data, relationships between dietary patterns or components and cancer risk
were hypothesized. The development of dietary assessment tools, such as FFQs, paved the way
for large prospective epidemiologic cohort studies designed to examine more precisely the role
of dietary patterns, foods, and specific nutrients in the risk of various cancers.®® Additional diet
assessment tools, such as food diaries, and single and multi-day 24-hr recalls enhanced the
ability to undertake population studies and mechanism-based RCTs. These studies were made
possible by USDA support of research to advance laboratory methods to define the nutrient
content of foods in the U.S. food supply and establish a database that, when coupled with diet
assessment tools, provides an estimated intake of energy, macronutrients, vitamins, minerals and
other dietary variables. More recently, inclusion into the database of non-nutrient bioactive
components primarily found in vegetables and fruits has enhanced the ability to define human
intake of bioactive components that may affect health and disease.

In 1982, the American Institute for Cancer Research (AICR), a part of the World Cancer
Research Fund (WCRF) global philanthropic network, was established. Together, the mission of
WCRF/AICR is to fund research and disseminate evidence-based cancer prevention guidelines to
the public. In 1997, the AICR/WCRF published the results of a comprehensive multi-year effort
to systematically review the published scientific literature and develop dietary guidelines for
cancer prevention.®* With a rapid expansion of available data in the subsequent years, the
process was repeated for the 2007 AICR/WCRF report.®> This effort has been enhanced in
subsequent years by the AICR/WCRF Continuous Update Project (CUP), in which data are
reviewed and updated on a continuous, rolling basis for specific cancers, with several reports
completed annually.®® This effort is accomplished through a rigorous systematic review process
in which scientific evidence is gathered, reviewed and judged by panels of experts in nutrition
and cancer in order to generate nutrition and cancer prevention goals for policy makers, the
general population, and individuals seeking to reduce cancer risk.2”  The most recent summary
of the systematic review which documents important information about the relationship between
specific foods, nutrients and other lifestyle behavior and cancer risk is found in Table D2.2.

As previously mentioned, the 2015 DGAC chose to determine whether an examination of dietary
patterns, could inform the understanding of diet and cancer risk. As this scientific literature is
relatively early in its development, we limited our search to the four most common malignancies
affecting the American public—Ilung, breast, colon/rectal, and prostate—which account for the
majority of the cancer burden in the United States. Although the published literature on dietary
patterns and cancer risk is relatively young, the DGAC felt it was important to examine the
evidence and conclusions, consider the implications for development of dietary guidelines, and
indicate areas for future research.
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Table D2.2. American Institute for Cancer Research / World Cancer Research Fund
(AICR/WCRF) Summary of Strong Evidence on Diet, Nutrition, Physical Activity, and
Cancer Prevention, updated 2014

44 Convincing decreased risk.
4 Probable decreased risk.
™ Convincing increased risk.
T Probable increased risk.
o Substantial effect on risk unlikely.

Mouth, Pharynx, Larynx (2007)
Breast Premenopause (2010)
Breast (Postmenopause (2010)

Nasopharynx (2007)
Esophagus (2007)
Lung (2007)
Stomach (2007)
Pancreas (2007)
Gall bladder (2007)
Liver (2007)
Colorectum (2011)
Ovary (2014)
Endometrium (2013)
Prostate (2014)
Kidney (2007)

Skin (2007)

Foods containing dietary fiber

<«—
<«

Aflatoxins 4

«—
—
—

Non-starchy vegetables’ 4

Allium vegetables 4

Garlic 4 L&

Fruits? ™

Red meat ™

Processed meat

Cantonese-style salted fish 0

Diets high in calcium3 d

Salt, salted and salty foods T

Glycemic load 0

Arsenic in drinking water ™ )

Mate 0

Alcoholic drinks? ™ ™ R .

Coffee . J .

Beta-carotene® 7 . o

Physical activitys A \f \/

Body fatness’ 0 M T 0 N e O A

Adult attained height 0 T I 2

Greater birth weight 0

Lactation G|

Y Includes evidence on foods containing carotenoids for mouth, pharynx, larynx; foods containing beta-carotene for esophagus; foods containing vitamin C for
esophagus.

Includes evidence on foods containing carotenoids for mouth, pharynx, larynx, and lung; foods containing beta-carotene for esophagus; food containing vitamin
C for esophagus.

Evidence is from milk and studies using supplements for colorectum.

Convincing increased risk for men and probably increased risk for women for colorectum. Evidence applies to adverse effect for kidney.
5 Evidence derived from studies using supplements for lung.
; Convincing increased risk for colon not rectum.

Probable increased risk for advanced not non-advanced prostate cancer.
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AICR/WCRF Evidence Stratification®

Convincing: The evidence for a convincing grade is strong enough to support a causal relationship. This relationship is
robust enough that it is unlikely to be modified of research in the foreseeable future. A grade of “convincing” requires evidence
from more than one study type, data from at least two cohort studies, no unexplained heterogeneity between study types with
regard to the presence or absence of an association, good quality studies where random or systematic errors are unlikely, presence
of a dose-response relationship, and strong and plausible experimental evidence relating typical human exposures to relevant
cancer outcomes.

Probable: The criteria for determining a probable diet and cancer relationship include: evidence from at least two cohort
studies or at least five case-control studies, no substantial unexplained heterogeneity between or within study types in the
presence or absence of an association or direction of effect, good quality studies where the likelihood of random or systematic
error is low, and evidence for biologic plausibility.

Limited—suggestive: This grade is assigned when the evidence is too limited to permit a probable or convincing judgment,
but there is evidence of a direction of effect. The evidence may have methodological flaws, or there may be a limited number of
studies. A grade of “limited-suggestive” requires the following: evidence from at least two cohort studies or five case-control
studies, there is some evidence for biologic plausibility, and the direction of the effect is generally consistent, although there may
be some unexplained heterogeneity.

Limited—no conclusion: This grade describes diet and cancer relationships where the evidence was ample for review by
the panel, but it was too limited to receive one of the other grades. The available studies may be of good quality, but limited in
number or yielding inconsistent results.

Substantial effect on risk unlikely: This grade is assigned when the evidence is strong that a particular nutrient, food,
dietary pattern, or physical activity is unlikely to have a substantial causal relationship to a cancer outcome. Data must be strong
enough that modification in the foreseeable future is unlikely.

Question 4: What is the relationship between dietary patterns and risk of cancer?

Source of evidence: NEL systematic review

Conclusions

Colon/Rectal Cancer: Moderate evidence indicates an inverse association between dietary
patterns that are higher in vegetables, fruits, legumes, whole grains, lean meats/seafood, and low-
fat dairy and moderate in alcohol; and low in red and/or processed meats, saturated fat, and
sodas/sweets relative to other dietary patterns and the risk of colon/rectal cancer. Conversely,
diets that are higher in red/processed meats, French fries/potatoes, and sources of sugars (i.e.,
sodas, sweets, and dessert foods) are associated with a greater colon/rectal cancer risk. DGAC
Grade: Moderate

Breast Cancer: Moderate evidence indicates that dietary patterns rich in vegetables, fruit, and
whole grains, and lower in animal products and refined carbohydrate, are associated with
reduced risk of post-menopausal breast cancer. The data regarding this dietary pattern and pre-
menopausal breast cancer risk point in the same direction, but the evidence is limited due to
fewer studies. DGAC Grade: Moderate for postmenopausal breast cancer risk; Limited for
premenopausal breast cancer risk

Lung Cancer: Limited evidence from a small number of studies suggests a lower risk of lung
cancer associated with dietary patterns containing more frequent servings of vegetables, fruits,
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seafood, grains/cereals, and legumes, and lean versus higher fat meats and lower fat or non-fat
dairy products. Despite reported modest significant reductions in risk, definitive conclusions
cannot be established at this time due to the small number of articles, as well as wide variation in
study design, dietary assessment, and case ascertainment. DGAC Grade: Limited

Prostate Cancer: No conclusion can be drawn regarding the relationship between dietary
patterns and the risk of prostate cancer. This is due to limited evidence from a small number of
studies with wide variation in study design, dietary assessment methodology and prostate cancer
outcome ascertainment. DGAC Grade: Grade not assignable

Implications

The data accumulating regarding the impact of dietary patterns on risk of certain types of cancers
supports the concept that a healthy dietary pattern may significantly reduce the overall burden of
cancer in the United States. Emerging studies on dietary patterns support the findings of expert
reviews regarding individual foods and nutrients. Effective strategies to initiate early in life and
maintain a healthy dietary pattern and body weight, coupled with regular physical activity, will
significantly reduce the cancer burden in America.

Review of the Evidence

Dietary Patterns and Colorectal Cancer

This systematic review included 21 articles from prospective cohort studies and one article from
an RCT published since 2000 that examined the relationship between dietary patterns and risk of
colorectal cancer.28% The articles used diverse methodology to assess dietary patterns. Nine
articles used indices/scores to assess dietary patterns, 10 articles used data-driven methods, and
three used other approaches.

The dietary patterns examined in this systematic review were defined in various ways, making
comparisons between articles difficult. However, despite general heterogeneity in this body of
evidence, some protective dietary patterns emerged, particularly in articles where patterns were
defined by index or score; articles using data-driven methods were less consistent. Patterns
emphasizing vegetables, fruits, fish/seafood, legumes, low-fat dairy, and whole grains were
generally associated with reduced risk of colorectal cancer. Patterns higher in red/processed
meats, potatoes/French fries, and sodas/sweets/added sugars were generally associated with
increased risk of colorectal cancer.

The relationship between dietary patterns and colorectal cancer risk often varied by sex and
tumor location. Results based on analysis by sex were mixed, while analysis in tumor subgroups
seemed to indicate that dietary patterns may be more strongly associated with tumor
development in distal regions of the colon/rectum. Although most cohort studies make extensive
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efforts to include participants across a wide range of race/ethnic groups and across the socio-
economic continuum, there still may be some groups for which the association between dietary
patterns and colorectal cancer risk cannot be reliably assessed and therefore conclusions cannot
be drawn.

Dietary Patterns and Breast Cancer

This systematic review included 25 prospective cohort studies and one RCT published since
2000 that examined the relationship between dietary patterns and risk of breast cancer,®* 104104
110431 The studies used multiple approaches to assess dietary patterns and cancer risk. Eight
studies used indices/scores to assess dietary patterns, 13 studies used factor or principal
components analysis, two used reduced rank regression, two made comparisons on the basis of
animal product consumption, and one conducted an RCT of a low-fat dietary pattern.

This moderate body of evidence encompassed a large diversity in methods to assess or determine
dietary patterns, making comparison across studies challenging. Despite this variability, 17 of the
included studies found statistically significant relationships between dietary patterns and breast
cancer risk, particularly among certain groups of women. Because a variety of different
methodologies were employed to derive dietary patterns, and the patterns, while similar in many
respects, were composed of different combinations of foods and beverages, it was difficult to
determine which patterns had the greatest impact on breast cancer risk reduction.

The relationship between dietary patterns and breast cancer risk may be more consistent among
postmenopausal women, but additional research is needed to explore the relationships for both
pre- and post- menopausal cancer. Certain histopathologic and molecular phenotypes of breast
cancer may be affected more by certain dietary patterns, but this has not yet been explored
sufficiently. For example, limited studies to date suggest that estrogen or progesterone receptor
status of breast cancers may define subgroups with unique dietary risk profiles, but no
conclusions can be drawn at this time. More research is needed to explore other factors that may
influence the relationship between dietary patterns during various stages of life and breast cancer
risk, such as anthropometrics, BMI (including weight change over adulthood), physical activity,
sedentary behavior, and reproductive history, including ages of menarche, age of menopause,
parity, and breast feeding.

Dietary Patterns and Lung Cancer

This systematic review included three prospective cohort studies and one nested case-cohort
study published since 2000 that examined the relationship between dietary patterns and risk of
lung cancer.'®" 104132133 The studies used different methods to assess dietary patterns. Two
studies used an index/score to measure adherence to a dietary pattern, one study derived dietary
patterns using principal components analysis, and another based dietary patterns on participant
reports of animal product intake. With only four relevant studies that used different approaches
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for assessing or determining dietary patterns, the evidence available to examine the relationship
between dietary patterns and risk of lung cancer is limited.

Dietary Patterns and Prostate Cancer

This systematic review included seven prospective cohort studies (from six different cohorts)
published since 2000 that examined the relationship between dietary patterns and risk of prostate
cancer.'% 134139 The studies used different methods to assess dietary patterns. Three studies used
index/scores to assess dietary patterns, two studies used factor analysis, one study used principle
components analysis, and one made comparisons on the basis of animal product consumption.

Most of the seven studies included in this systematic review did not detect clear or consistent
relationships between dietary patterns and risk of prostate cancer, though one found that
adherence to the Dietary Guidelines (assessed using the HEI-2005 and AHEI-2010) was
associated with a lower risk of prostate cancer, particularly among men who had a prostate-
specific antigen screening in the past 3 years. Because these studies used a range of different
approaches for assessing dietary patterns in populations with variable cancer screening patterns,
had heterogeneous prostate cancer outcome ascertainment, and were typically limited to dietary
exposure late in life, the results were inconclusive regarding risk for clinically significant
prostate cancer.

For additional details on this body of evidence, visit: http://NEL.gov/topic.cfm?cat=3344

DIETARY PATTERNS AND CONGENITAL ANOMALIES
Existing Evidence around Foods and Nutrients and Congenital Anomalies

It is well established that adequate folate status is critical for the prevention of neural tube
defects, specifically anencephaly and spina bifida, as well as other birth defects.**® Folate is
often described by its source, with “folate” referring to naturally occurring folate from food
sources, and “folic acid” referring to the synthetic form used in dietary supplements and food
fortification. After mandatory fortification of enriched cereal products with folic acid in 1998,
serum folate concentrations in the U.S. population more than doubled, and rates of neural tube
defects decreased by 20 to 30 percent. ' 42

Despite this decrease, nearly one fifth of females ages 14 to 30 years do not meet the estimated
average requirement for folate, the level deemed to be adequate for one half of healthy females

in the age group.** The current U.S. Preventive Services Task Force recommends that women
capable of becoming pregnant should take 400 to 800 micrograms of folic acid daily from
fortified food or supplements in addition to a healthy diet rich in food sources of folate and folic
acid to reduce risk of neural tube and other birth defects.*** Women with a history of a pregnancy
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affected by a neural tube defect or who are at high risk of neural tube defects require 4 mg of
synthetic folic acid supplements daily under the supervision of a physician.*® Given the
emphasis on a healthy diet, the DGAC was interested in understanding which dietary patterns, if
any, were associated with a decreased risk of congenital anomalies among women of
reproductive age.

Question 5: What is the relationship between dietary patterns and risk of
congenital anomalies?

Source of evidence: NEL systematic review

Conclusion

Limited evidence suggests that healthy maternal dietary patterns during the preconception period
that are higher in vegetables, fruits, and grains, and lower in red and processed meats, and low in
sweets were associated with lower risk of developing of neural tube defects, particularly among
women who do not take folic acid supplements. Whereas some dietary patterns were associated
with lower risk of developing anencephaly, others were associated with lower risk of developing
spina bifida.

Evidence is insufficient to determine an association between maternal dietary patterns and
congenital heart defects or cleft lip/palate.

All studies were consistent in demonstrating that folic acid supplementation periconceptionally
was associated with a decreased risk of having a child with a birth defect (e.g. neural tube
defects, congenital heart defects, and cleft lip/palate). DGAC Grade: Neural Tube Defects —
Limited; Congenital Heart Defects — Grade not assignable; Cleft Lip/Palate — Grade not
assignable

Implications

Women of reproductive age should consume folic acid in the form of a supplement or through
fortified foods in the range recommended by the U.S. Preventive Services Task Force (400 to
800 micrograms) in addition to consuming a diet rich in vegetables, fruits, and grains; lower in
red and processed meats; and low in sweets.

Review of the Evidence

This series of systematic reviews included five case-control studies (using data from three
cohorts) published since 1980 that examined the relationship between maternal dietary patterns
and congenital anomalies in infants.*****® Three articles examined neural tube defects,*® 147149
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147,150

two articles examined congenital heart defects, and two articles examined orofacial

Cleﬁ3.146' 148

Although all five case-control studies reported significant associations between dietary patterns
and risk of congenital anomalies in women not taking folic acid supplementation, the variability
of dietary patterns methodology used and composition of dietary patterns identified made it
difficult to draw conclusions. All studies were consistent in finding that folate delivered
periconceptionally in food or as a supplement as a key nutrient was associated with lower risk of
developing congenital anomalies. It should be noted that some of the included studies were
conducted in countries with mandatory folate fortification, while others were from countries that
prohibit such fortification.

For additional details on this body of evidence, visit: http://NEL.gov/topic.cfm?cat=3356

DIETARY PATTERNS AND NEUROLOGICAL AND PSYCHOLOGICAL
ILLNESSES

Existing Evidence around Foods and Nutrients and Neurological and
Psychological llinesses

Neuropsychological development and function is increasingly recognized as a high national
priority for health promotion and chronic disease prevention. Two major components of
neuropsychological function are cognition, the ability to reason, and mood, balanced and
appropriate to enable optimal cognition.

Nutrition for optimal neurodevelopment in very young children has long been a subject of
research. The 2010 DGAC concluded that moderate evidence supported a positive relationship
between maternal dietary intakes of n-3 from seafood and improved cognitive ability in
infants.™" The rising numbers of U.S. older adults and the potential human and financial cost of
age-related cognitive impairments, such as Alzheimer’s disease and other dementias, also have
helped drive national interest in chronic mental disease.*** *** Separately, depression affected 8
percent of Americans for at least two weeks annually from 2007-2010, and of these, 80 percent
report functional impairment.®* Many preclinical and human studies have established
relationships between traditional nutrients (e.g., omega-3 fatty acids) and central nervous system
composition and function. Studies appearing in the last few years reflect the increasing research
interest in the links between diet and neurological health.

The hypothesis that nutrition can reduce and/or play a role in the treatment of these mental
diseases and their related burdens has been studied in relation to several nutrients and foods,
including the B vitamins, vitamin E, and selenium.**>**® The omega-3 fatty acids
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eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are among the most studied
nutrients for neural health, in part because DHA is a major component of the brain, specifically
gray matter and its synapses, and the specialized light detecting cells of the retina. DHA, in
particular, supports the amplitude and signaling speed of neural response. EPA has emerged as a
nutrient with antidepressive properties and continued studies to define its role in prevention and
therapy are underway. Sufficiently strong medical evidence has been obtained for EPA and DHA
such that supplements are now considered as complementary therapy for major depressive
disorder by the American Psychiatric Association’®’ and more recent data from a meta-analysis
has found them effective.™® Before 2010, the number of published dietary pattern studies was
small. However, a more substantial literature on dietary patterns and neuropsychological health
has been published since 2010. The DGAC was therefore able to consider prevention of adult
neuropsychological ill health for the first time.

Question 6: What is the relationship between dietary patterns and risk of
neurological and psychological illnesses?

Source of evidence: NEL systematic review

Conclusion

Limited evidence suggests that a dietary pattern containing an array of vegetables, fruits, nuts,
legumes and seafood consumed during adulthood is associated with lower risk of age-related
cognitive impairment, dementia, and/or Alzheimer’s disease. Although the number of studies
available on dietary patterns and neurodegenerative disease risk is expanding, this body of
evidence, which is made up of high-quality observational studies, has appeared only in recent
years and is rapidly developing. It employs a wide range of methodology in study design,
definition and measurement ascertainment of cognitive outcomes, and dietary pattern
assessment. DGAC Grade: Limited

Limited evidence suggests that dietary patterns emphasizing seafood, vegetables, fruits, nuts, and
legumes are associated with lower risk of depression in men and non-perinatal women. However,
the body of evidence is primarily composed of observational studies and employs a range of
methodology in study design, definition, and measurement of dietary patterns and ascertainment
of depression/depressive signs and symptoms. Studies on dietary patterns in other populations,
such as women in the post-partum period, children and adolescents, as well as those in various
ethnic and cultural groups, are too limited to draw conclusions. DGAC Grade: Adults —
Limited; Children, adolescents, and women in the post-partum period — Grade not
assignable
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Implications

Dietary patterns emphasizing vegetables, fruits, seafood, legumes and nuts similar to those that
achieve chronic disease risk reduction are consistent with maintaining neurocognitive health,
including cognitive ability in healthy aging, and balanced mood.

Review of the Evidence

Dietary Patterns and Cognitive Impairment, Dementia, and Alzheimer’s Disease

This systematic review includes 30 articles (two articles analyzed data taken from RCTs and 28
articles used data from prospective cohort studies) published since 1980 (with all but two
published since 2008) that examined the relationship between dietary patterns and age-related
cognitive impairment, dementia, and/or Alzheimer’s disease.™ % Twenty of the articles
included in this review assessed the relationship between dietary patterns and cognitive
impairment, 10 articles examined cognitive impairment or dementia, and eight articles looked at
Alzheimer’s disease.

The articles used several different methods to assess dietary patterns. Two articles analyzed data
from RCTs that tested or described dietary patterns, 23 articles used indices/scores to assess
dietary patterns quality or adherence, three articles used data-driven methods, and three used
reduced rank regression. Most (18 of 28) articles found an association between dietary patterns
and age-related cognitive impairment, dementia, and/or Alzheimer’s disease. Despite some
heterogeneity in this body of evidence, some common elements of dietary patterns were
associated with measures of cognitive impairment, dementia, and/or Alzheimer’s disease:

e Patterns higher in vegetables, fruits, nuts, legumes, and seafood were generally associated
with reduced risk of age-related cognitive impairment, dementia, and/or Alzheimer’s
disease.

e Patterns higher in red and/or processed meats were generally associated with greater age-
related cognitive impairment. Relatively few studies reported on refined sugar and added
salt, and patterns including these nutrients tended to report greater cognitive impairment.

Although some studies included participants from a range of race/ethnic and socioeconomic
groups, the results are most applicable to the general healthy aging population. In addition,
dietary patterns were derived using dietary intake measured at baseline only, and therefore, may
not reflect patterns consumed throughout relevant periods of life before enroliment in the study,
or changes in intake that may have occurred over the duration of the study. Similarly, several
studies measured cognitive function only at a single time point (follow-up), and therefore, could
not assess change in cognitive function over time. Finally, though these studies controlled for a
number of confounders, not all apparently relevant potential confounders were adjusted for (e.g.,
existing or family history of cognitive decline, dementia, or Alzheimer’s disease; baseline health

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 37



1407
1408
1409
1410

1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422

1423
1424

1425
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

status; changes in dietary intake over time) and, as with all association studies, residual
confounding is possible.

Dietary Patterns and Depression

This systematic review includes nineteen articles (17 from prospective cohort studies, and 2
using data from RCTSs) published since 1980 (all of which were published since 2008) that
assessed the relationship between dietary patterns and depression.*’ 182 189-205

The articles used several different methods to assess dietary patterns. Two studies tested the
effects of dietary patterns as part of an RCT, six articles used indices/scores to assess dietary
patterns, 10 articles used data-driven methods, and one used reduced rank regression. Despite
methodological and outcome heterogeneity in this body of evidence, some protective dietary
patterns emerged:

e Patterns emphasizing seafood, vegetables, fruits, and nuts, were generally associated with
reduced risk of depression.

e Patterns emphasizing red and processed meats and refined sugar were generally
associated with increased risk of depression.

This body of evidence did have several limitations. There was considerable variability in how the
outcome of depression was assessed, with some studies using various depression scales, some
using physician diagnosis/hospital discharge records, and others using proxies such as use of
depression medication. Although most studies make extensive efforts to include participants
across a wide range of race/ethnic groups and across the socio-economic continuum, there still
may be some subgroups for which the association between dietary patterns and depression risk
cannot be reliably assessed and therefore conclusions cannot be drawn for them. Research is
needed to determine whether dietary patterns are associated with risk of depression in
particularly vulnerable subgroups, specifically children, adolescents, young adults, and women
during the post-partum period. Additional limitations within this body of evidence make it
difficult to draw stronger conclusions, including assessment of dietary patterns and depression
outcomes at a single point in time, potential for residual confounding despite adjustment for a
number of factors, and few studies conducted in U.S.-based populations.

For additional details on this body of evidence, visit: http://NEL.gov/topic.cfm?cat=3352
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DIETARY PATTERNS AND BONE HEALTH
Existing Evidence around Foods and Nutrients and Bone Health

Low bone mineral density and osteoporosis are common in the United States, particularly in
older adults, and its contribution to disability and cost to the health care system continues to rise
in parallel to longer life expectancy. As described in Part D. Chapter 1: Food and Nutrient
Intakes, and Health: Current Status and Trends, more than half of women ages 60 to 69 years
have low bone mass and approximately 12 percent meet established criteria for osteoporosis. The
prevalence of osteoporosis increases with age; about one-quarter of women ages 70 to 79 years
and about one-third of women older than age 80 years have osteoporosis. Low bone mass is less
common in older men but is increasingly recognized. Among U.S. men ages 60 to 69 years,
about a third have low bone mass and this increases to about 40 percent and slightly more than
50 percent for men ages 70 to 79 years and 80 years and older, respectively.

Poor bone health and osteoporotic fractures are a major cause of morbidity and mortality in the
elderly and account for significant health care costs. Understanding the extent to which dietary
factors can help improve bone health and reduce the incidence of fractures across all segments of
the population, particularly in the elderly, is important for the health and well-being of the
nation.

The most critical nutrients for healthy bone are calcium, vitamin D, and phosphorous. As part of
their 2011 report on Calcium and Vitamin D, the Institute of Medicine extensively reviewed the
available data and updated the Dietary Reference Intakes (DRIs) for calcium and vitamin D for
men and women across life stages.?®® The new reference values were based upon a strong body
of evidence regarding bone growth and maintenance. At the time of the report, these bone health
outcomes (in particular bone mass [bone mineral content]) were the only indicators on which
there was sufficient scientific evidence to define DRIs; a thorough review of other outcomes
(bone mineral density, risk of fractures, and osteoporosis) provided mixed and inconclusive
results, and thus did not inform the DRIs. Part D. Chapter 1: Food and Nutrient Intakes, and
Health: Current Status and Trends of this DGAC report concluded that calcium and vitamin D
were shortfall nutrients of public health concern. The estimated low levels of intake in various
age and sex groups place many at risk for suboptimal bone health. The DGAC asked additional
questions regarding bone health that went beyond those relating to the role of specific and well-
known nutrients on bone remodeling. Specifically, the DGAC considered the influence of dietary
patterns and their relationship to bone health and specific bone health outcomes across the
lifespan, including bone density and fractures. This approach enabled the DGAC to consider the
relationship between the total diet and its component foods and nutrients, acting in combination,
on bone health outcomes. This section reviews this evidence and forms the basis for the DGAC
recommendation for action at individual and population level as well as its research
recommendations.
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Question 7: What is the relationship between dietary patterns and bone health?

Source of evidence: NEL systematic review

Conclusion

Limited evidence suggests that a dietary pattern higher in vegetables, fruits, grains, nuts, and
dairy products, and lower in meats and saturated fat, is associated with more favorable bone
health outcomes in adults, including decreased risk of fracture and osteoporosis, as well as
improved bone mineral density. Although a growing number of studies are examining the
relationship between dietary patterns and bone health in adults, the number of high-quality
studies is modest and those available employ a wide range of methodologies in study design,
dietary assessment techniques, and varying bone health outcomes.

Definitive conclusions regarding the relationship between dietary patterns and bone health
outcomes (bone mineral density and bone mineral content) in children and adolescents cannot be
drawn due to the limited evidence from a small number of studies with wide variation in study
design, dietary assessment methodology, and bone health outcomes. DGAC Grade: Adults —
Limited; Children and Adolescents - Grade not assignable

Implications

Only limited evidence is available on the relationships between dietary patterns and bone health
outcomes in adults and other age groups. Although there is strong evidence on the roles of
vitamin D and calcium in bone health across the age spectrum, further research is needed on
dietary patterns that are most beneficial.

Review of the Evidence

This systematic review included two articles that used data from RCTs and 11 articles from
prospective cohort studies published since 2000 that examined the relationship between dietary
patterns and bone health."%1

The articles employ diverse methodologies to assess dietary patterns. Four articles used an index
or score, six articles used factor analysis/principal components analysis, two articles used
reduced rank regression, and two articles tested dietary patterns in an intervention study where
bone health or fractures were either secondary or tertiary trial outcomes. Seven studies assessed
risk of fracture, six studies assessed bone mineral density, bone mineral content, or bone mass,
and one study examined risk of osteoporosis. The dietary patterns examined in this systematic
review were defined in various ways, making comparisons between articles difficult. However,
despite heterogeneity in this body of evidence, some common characteristics of dietary patterns
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associated with better or adverse bone health outcomes emerged, particularly in articles where
patterns were defined by index or score. Articles using data-driven methods were less consistent.
The following overall conclusions can be drawn:

e Patterns emphasizing vegetables, fruits, legumes, nuts, dairy, and
cereals/grains/pasta/rice, and unsaturated fats were generally associated with more
favorable bone health outcomes.

e Patterns higher in meats and saturated fats were generally associated with increased risk
of adverse bone health outcomes.

e Results were far less consistent for added sugars, alcohol, and sodium in relation to bone
health.

Although many cohort studies make extensive efforts to include participants across a wide range
of race/ethnic groups and across the socio-economic continuum, there still may be some groups
for which the association between dietary patterns and bone health cannot yet be determined
(i.e., children, adolescents).

For additional details on this body of evidence, visit: http://NEL.gov/topic.cfm?cat=3360

CHAPTER SUMMARY

The dietary patterns approach captures the relationship between the overall diet and its
constituent foods, beverages, and nutrients in relationship to outcomes of interest. Numerous
dietary patterns were identified, with the most common ones defined using indices or scores such
as the HEI-2010, the AHEI-2010, or various Mediterranean-style dietary patterns, the DASH
pattern, vegetarian patterns, and data-driven approaches.

The Committee’s examination of the association between dietary patterns and various health
outcomes revealed remarkable consistency in the findings and implications that are noteworthy.
When looking at the dietary pattern conclusion statements across the various health outcomes,
certain characteristics of the diet were consistently identified (see Table D2.3). Common
characteristics of dietary patterns associated with positive health outcomes include higher intake
of vegetables, fruits, whole grains, low- or non-fat dairy, seafood, legumes, and nuts; moderate
intake of alcohol (among adults); lower consumption of red and processed meat, and low intake
of sugar-sweetened foods and drinks, and refined grains. Vegetables and fruits are the only
characteristics of the diet that were consistently identified in every conclusion statement across
the health outcomes. Whole grains were identified slightly less consistently compared to
vegetables and fruits, but were identified in every conclusion with moderate to strong evidence.
For studies with limited evidence, grains were not as consistently defined and/or they were not
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identified as a key characteristic. Low- or non-fat dairy, seafood, legumes, nuts, and alcohol
were identified as beneficial characteristics of the diet for some, but not all, outcomes. For
conclusions with moderate to strong evidence, higher intake of red and processed meats was
identified as detrimental compared to lower intake. Higher consumption of sugar-sweetened
foods and beverages as well as refined grains were identified as detrimental in almost all
conclusion statements with moderate to strong evidence.
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Table D2.3. Description of the dietary patterns highlighted in the DGAC’s Conclusion Statements that are associated with benefit related

to the health outcome of interest. (Note: The reader is directed to the full Conclusion Statement above for more information on the relationship between dietary
patterns and the health outcome. In some cases, dietary components were associated with increased health risk and this is noted in the table.)

Health DGAC Grade® | Description of the Dietary Pattern Associated with Beneficial Health Outcomes

Outcome

Cardiovascular | Strong Dietary patterns characterized by higher consumption of vegetables, fruits, whole grains, low-fat dairy, and seafood, and lower consumption

disease of red and processed meat, and lower intakes of refined grains, and sugar-sweetened foods and beverages relative to less healthy patterns;
regular consumption of nuts and legumes; moderate consumption of alcohol; lower in saturated fat, cholesterol, and sodium and richer in
fiber, potassium, and unsaturated fats.

Measures of Moderate Dietary patterns that are higher in vegetables, fruits, and whole grains; include seafood and legumes; are moderate in dairy products

body weight or (particularly low and non-fat dairy) and alcohol; lower in meats (including red and processed meats), and low in sugar-sweetened foods

obesity and beverages, and refined grains; higher intakes of unsaturated fats and lower intakes of saturated fats, cholesterol, and sodium.

Limited Dietary patterns in childhood or adolescence that are higher in energy-dense and low-fiber foods, such as sweets, refined grains, and
processed meats, as well as sugar-sweetened beverages, whole milk, fried potatoes, certain fats and oils, and fast foods are associated with
an increased risk.

Type 2 diabetes | Moderate Dietary patterns higher in vegetables, fruits, and whole grains and lower in red and processed meats, high-fat dairy products, refined grains,
and sweets/sugar-sweetened beverages.

Cancer Moderate Colon/Rectal Cancer: Dietary patterns that are higher in vegetables, fruits, legumes, whole grains, lean meats/seafood, and low-fat dairy and
moderate in alcohol; and low in red and/or processed meats, saturated fat, and sodas/sweets. (Conversely, diets that are higher in
red/processed meats, French fries/potatoes, and sources of sugars (i.e., sodas, sweets, and dessert foods) are associated with a greater risk.)

Moderate (post) | Breast Cancer: Dietary patterns rich in vegetables, fruit, and whole grains, and lower in animal products and refined carbohydrate.

/ Limited (pre)

Lung Cancer: Dietary patterns containing more frequent servings of vegetables, fruits, seafood, grains/cereals, and legumes, and lean versus

Limited higher fat meats and lower fat or non-fat dairy products.

Not assignable Prostate Cancer: N/A

Congenital Limited — Neural tube defects: Dietary patterns during the preconception period that are higher in vegetables, fruits, and grains, and lower in red and

anomalies Neural tube processed meats, and low in sweets.

defects

Not assignable Congenital heart defects or cleft lip/palate: N/A

Neurological Limited Age-related cognitive impairment, dementia, and/or Alzheimer’s disease: Dietary patterns containing an array of vegetables, fruits, nuts,

and legumes and seafood.

psychological

illnesses Limited Depression: Dietary patterns emphasizing seafood, vegetables, fruits, nuts, and legumes.

Bone health Limited Adults: Dietary patterns higher in vegetables, fruits, grains, nuts, and dairy products, and lower in meats and saturated fat.

Not assignable

Children: N/A

8 The DGAC Grade presented represents the grade the Committee provided for the conclusion statement with the dietary pattern components described. Some health outcomes had
more than one graded conclusion. Only the conclusion statements that describe dietary pattern components are presented here. Post = Post-menopausal; Pre = Pre-menopausal
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As alcohol is a unique aspect of the diet, the DGAC considered evidence from several sources to
inform recommendations. As noted above, moderate alcohol intake among adults was identified
as a component of a healthy dietary pattern associated with some health outcomes, which
reaffirms conclusions related to moderate alcohol consumption by the 2010 DGAC. The
Committee also concurs with the conclusions reached by the 2010 DGAC on the relationship
between alcohol intake and unintentional injury and lactation.® However, as noted in Table D2.1,
evidence also suggests that alcoholic drinks are associated with increased risk for certain cancers,
including pre- and post-menopausal breast cancer. After consideration of this collective
evidence, the Committee concurs with the 2010 DGAC that if alcohol is consumed, it should be
consumed in moderation, and only by adults. However, it is not recommended that anyone begin
drinking or drink more frequently on the basis of potential health benefits because moderate
alcohol intake also is associated with increased risk of violence, drowning, and injuries from falls
and motor vehicle crashes. Women should be aware of a moderately increased risk of breast
cancer even with moderate alcohol intake. There are many circumstances in which people should
not drink alcohol:

¢ Individuals who cannot restrict their drinking to moderate levels.
e Anyone younger than the legal drinking age.
e \Women who are pregnant or who may be pregnant.

e Individuals taking prescription or over-the-counter medications that can interact with
alcohol.

e Individuals with certain specific medical conditions (e.g., liver disease,
hypertriglyceridemia, pancreatitis).

e Individuals who plan to drive, operate machinery, or take part in other activities that
require attention, skill, or coordination or in situations where impaired judgment could
cause injury or death (e.g., swimming).

Finally, because of the substantial evidence clearly demonstrating the health benefits of
breastfeeding, occasionally consuming an alcoholic drink does not warrant stopping
breastfeeding. However, women who are breastfeeding should be very cautious about drinking
alcohol, if they choose to drink at all.

The common characteristics of a healthy dietary pattern found in the conclusion statements
across the outcomes examined implies that following a dietary pattern associated with reduced
risk of CVD, overweight, and obesity will have positive health benefits beyond these categories

58 If the infant’s breastfeeding behavior is well established, consistent, and predictable (no earlier than at 3 months
of age), a mother may consume a single alcoholic drink if she then waits at least 4 hours before breastfeeding.
Alternatively, she may express breast milk before consuming the drink and feed the expressed milk to her infant
later.
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of health outcomes. Thus, the U.S. population should be encouraged and guided to consume
dietary patterns that are rich in vegetables, fruits, whole grains, seafood, legumes, and nuts;
moderate in low- and non-fat dairy products and alcohol (among adults); lower in red and
processed meat; and low in sugar-sweetened foods and beverages and refined grains. These
dietary patterns can be achieved in many ways and should be tailored to the individual’s
biological and medical needs as well as socio-cultural preferences. As described in the DGAC’s
conceptual model, a multi-level process at individual and population levels is required to help
achieve a healthy diet and other lifestyle behaviors so as to achieve chronic disease risk
reduction and overall well-being. The Committee recommends the development and
implementation of programs and services that facilitate the improvement in eating behaviors
consistent with healthy dietary patterns in various settings, including preventive services in our
healthcare and public health systems as well as those that reach populations in other settings of
influence such as preschool and school settings and workplaces.

The dietary pattern characteristics being recommended by the 2015 DGAC reaffirms the dietary
pattern characteristics recommended by the 2010 DGAC, despite the fact that different
approaches were employed. Additionally, this dietary pattern aligns with recommendations from
other groups, including AICR and AHA/ACC. The majority of evidence considered focuses on
dietary patterns consumed in adulthood on health risks, primarily risks of chronic disease
development and, in the case of pregnancy, birth defects. Very little evidence considered here
was directed to dietary patterns in children, and risk reduction studies evaluating children’s diets
and risk of overweight and obesity provided limited evidence. No conclusions on chronic disease
apply directly to evidence developed in children. Recommendations based on adult studies have
implications for children based on general nutritional principles but caution is warranted,
considering the fact that children with developing bodies and neurocognitive capabilities present
unique nutritional issues.

NEEDS FOR FUTURE RESEARCH

1. Conduct additional dietary patterns research for other health outcomes to strengthen the
evidence beyond CVD and body weight in populations of various ethnic backgrounds and
life course stages in order for future DGACs to draw stronger conclusions.

Rationale: The NEL systematic reviews demonstrated that considerable CVD research
related to dietary patterns is available. However, it also is important to note, that unlike CVD,
some of the other health outcomes are more heterogeneous and thus may require greater
specificity in the examination of diet and disease risk. There is a clear need for all studies
examining the relationship between dietary patterns and health outcomes to include the full
age spectrum and to take a life course perspective (including pregnancyy); insufficient
research is being devoted to children and how diseases may evolve over time. An increased
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emphasis should be placed on understanding how the diets of all those in the U.S. population
from various ethnic backgrounds may be associated with health outcomes, thereby
broadening knowledge beyond Hispanics and African Americans to include the diversity that
exists in the United States today. This may require our national nutrition monitoring
programs to over-sample individuals from other national origins to conduct subgroup
analysis.

Improve the understanding of how to more precisely characterize dietary patterns by their
food constituents and the implications of the food constituents on nutrient adequacy through
the use of Food Pattern Modeling. More precise characterization, particularly of protein
foods, is needed.

Rationale: Researchers are characterizing dietary patterns very differently and yet
sometimes use similar nomenclatures. This makes it difficult to compare results across
studies and as demonstrated in the NEL systematic reviews, can impair the grading of the
body of evidence as strong. The reason why researchers are not replicating others findings in
different populations may be a function of publication bias. It is important for editors of
scientific journals and peer reviewers to appreciate the replication of findings first and then
value a research group’s methodological nuance that may improve the examination of the
association between dietary patterns and health outcomes. Perhaps what should be stressed is
a harmonization of research methods across various cohorts or randomized trials, similar to
what is being done at the National Cancer Institute’s Dietary Patterns Methods Project® %%
led by Drs. Krebs-Smith and Reedy. The use of Food Pattern Modeling as demonstrated in
Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends
allows questions about the adequacy of the dietary patterns given specific food constituents
to be addressed and how modifications of the patterns by altering the foods for specific
population groups or to meet specific nutrient targets can be achieved.

Examine the long-term cardio-metabolic effects of the various dietary patterns identified in

the AHA/ACC/TOS Guidelines for the Management of Overweight and Obesity in Adults that

are capable of resulting in short-term weight loss (see Question 2, above).

Rationale: Although the research to date demonstrates that to lose weight, a variety of
dietary pattern approaches can be used if a reduction in caloric intake is achieved, the long-
term effects of these diets on cardio-metabolic health are not well known. Emerging research
is exploring health effects of variations of the low-carbohydrate, higher protein/fat dietary
pattern. In some approaches (such as Atkins), the dietary pattern which emphasizes animal
products, may achieve a macronutrient composition that is higher in saturated fat. Others
may emphasize plant-based proteins and fats and may achieve a lower saturated fat content
and may be higher in polyunsaturated fats and dietary fiber. Research is needed to determine
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the impact of these alternative approaches, and perhaps others, on CVD risk profiles as well
as other health outcomes. As mentioned in the review of the literature associated with
saturated fat and cardiovascular disease in Part D. Chapter 6: Cross-Cutting Topics of
Public Health Importance, substituting one macronutrient for another may result in
unintended consequences. Careful consideration to the types of foods that are used in these
diets and in particular the type of fat and amount of added sugars should be taken into
account.

REFERENCES

1.

Dietary Guidelines Advisory Committee. Report of the Dietary Guidelines Advisory
Committee on the Dietary Guidelines for Americans, 2010, to the Secretary of
Agriculture and the Secretary of Health and Human Services: U.S. Department of
Agriculture, Agricultural Research Service, Washington D.C.; 2010. Available from:
http://www.cnpp.usda.gov/DGAs2010-DGACReport.htm.

Nutrition Evidence Library. A series of systematic reviews on the relationship between
dietary patterns and health outcomes. Alexandria, VA: U.S. Department of Agriculture,
Center for Nutrition Policy and Promotion; 2014. Available from:
http://www.nel.gov/vault/2440/web/files/DietaryPatterns/DPRptFullFinal.pdf.

Guenther PM, Casavale KO, Reedy J, Kirkpatrick SlI, Hiza HA, Kuczynski KJ, et al.
Update of the Healthy Eating Index: HEI-2010. J Acad Nutr Diet. 2013;113(4):569-80.
PMID: 23415502. http://www.ncbi.nlm.nih.gov/pubmed/23415502.

Chiuve SE, Fung TT, Rimm EB, Hu FB, McCullough ML, Wang M, et al. Alternative
dietary indices both strongly predict risk of chronic disease. J Nutr. 2012;142(6):1009-18.
PMID: 22513989. http://www.ncbi.nIm.nih.gov/pubmed/22513989.

Kant AK, Schatzkin A, Graubard BI, Schairer C. A prospective study of diet quality and
mortality in women. JAMA. 2000;283(16):2109-15. PMID: 10791502,
http://www.ncbi.nlm.nih.gov/pubmed/10791502.

Fung TT, Chiuve SE, McCullough ML, Rexrode KM, Logroscino G, Hu FB. Adherence
to a DASH-style diet and risk of coronary heart disease and stroke in women. Arch Intern
Med. 2008;168(7):713-20. PMID: 18413553.
http://www.ncbi.nlm.nih.gov/pubmed/18413553.

Trichopoulou A, Costacou T, Bamia C, Trichopoulos D. Adherence to a Mediterranean
diet and survival in a Greek population. N Engl J Med. 2003;348(26):2599-608. PMID:
12826634. http://www.ncbi.nIm.nih.gov/pubmed/12826634.

Fung TT, Rexrode KM, Mantzoros CS, Manson JE, Willett WC, Hu FB. Mediterranean
diet and incidence of and mortality from coronary heart disease and stroke in women.
Circulation. 2009;119(8):1093-100. PMID: 19221219.
http://www.ncbi.nlm.nih.gov/pubmed/19221219.

Reedy J, Krebs-Smith SM, Miller PE, Liese AD, Kahle LL, Park Y, et al. Higher diet
quality is associated with decreased risk of all-cause, cardiovascular disease, and cancer
mortality among older adults. J Nutr. 2014;144(6):881-9. PMID: 24572039.
http://www.ncbi.nlm.nih.gov/pubmed/24572039.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 47



1727
1728
1729
1730
1731
1732
1733
1734
1735
1736
1737
1738
1739
1740
1741
1742
1743
1744
1745
1746
1747
1748
1749
1750
1751
1752
1753
1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770
1771
1772

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

National Heart Lung and Blood Institute. Lifestyle Interventions to Reduce
Cardiovascular Risk: Systematic Evidence Review from the Lifestyle Work Group.
Bethesda, MD: U.S. Department of Health and Human Services, National Institutes of
Health; 2013. Available from: http://www.nhlbi.nih.gov/health-pro/guidelines/in-
develop/cardiovascular-risk-reduction/lifestyle/index.htm.

Eckel RH, Jakicic JM, Ard JD, de Jesus JM, Houston Miller N, Hubbard VS, et al. 2013
AHA/ACC guideline on lifestyle management to reduce cardiovascular risk: a report of
the American College of Cardiology/American Heart Association Task Force on Practice
Guidelines. J Am Coll Cardiol. 2014;63(25 Pt B):2960-84. PMID: 24239922.
http://www.ncbi.nlm.nih.gov/pubmed/24239922.

National Heart Lung and Blood Institute. Managing overweight and obesity in adults:
Systematic evidence review from the Obesity Expert Panel, 2013. Bethesda, MD: U.S.
Department of Health and Human Services, National Institutes of Health; 2013.
Available from: http://www.nhlbi.nih.gov/guidelines/obesity/ser/index.htm.

Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, Donato KA, et al. 2013
AHA/ACC/TOS guideline for the management of overweight and obesity in adults: a
report of the American College of Cardiology/American Heart Association Task Force on
Practice Guidelines and The Obesity Society. J Am Coll Cardiol. 2014;63(25 Pt B):2985-
3023. PMID: 24239920. http://www.ncbi.nlm.nih.gov/pubmed/24239920.

Huang T, Yang B, Zheng J, Li G, Wahlqgvist ML, Li D. Cardiovascular disease mortality
and cancer incidence in vegetarians: a meta-analysis and systematic review. Ann Nutr
Metab. 2012;60(4):233-40. PMID: 22677895.
http://www.ncbi.nlm.nih.gov/pubmed/22677895.

Martinez-Gonzalez MA, Bes-Rastrollo M. Dietary patterns, Mediterranean diet, and
cardiovascular disease. Curr Opin Lipidol. 2014;25(1):20-6. PMID: 24370845.
http://www.ncbi.nlm.nih.gov/pubmed/24370845.

Rees K, Hartley L, Flowers N, Clarke A, Hooper L, Thorogood M, et al. ‘Mediterranean’
dietary pattern for the primary prevention of cardiovascular disease. Cochrane Database
Syst Rev. 2013;8:CD009825. PMID: 23939686.
http://www.ncbi.nlm.nih.gov/pubmed/23939686.

Salehi-Abargouei A, Maghsoudi Z, Shirani F, Azadbakht L. Effects of Dietary
Approaches to Stop Hypertension (DASH)-style diet on fatal or nonfatal cardiovascular
diseases--incidence: a systematic review and meta-analysis on observational prospective
studies. Nutrition. 2013;29(4):611-8. PMID: 23466047.
http://www.ncbi.nlm.nih.gov/pubmed/23466047.

Sofi F, Macchi C, Abbate R, Gensini GF, Casini A. Mediterranean diet and health status:
an updated meta-analysis and a proposal for a literature-based adherence score. Public
Health Nutr. 2013:1-14. PMID: 24476641.
http://www.ncbi.nlm.nih.gov/pubmed/24476641.

Yokoyama Y, Nishimura K, Barnard ND, Takegami M, Watanabe M, Sekikawa A, et al.
Vegetarian diets and blood pressure: a meta-analysis. JAMA Intern Med.
2014;174(4):577-87. PMID: 24566947. http://www.ncbi.nim.nih.gov/pubmed/24566947.
Dauchet L, Kesse-Guyot E, Czernichow S, Bertrais S, Estaquio C, Péneau S, et al.
Dietary patterns and blood pressure change over 5-y follow-up in the SU.VI.MAX
cohort. Am J Clin Nutr. 2007;85(6):1650-6. PMID: 17556705.
http://www.ncbi.nlm.nih.gov/pubmed/17556705.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 48



1773
1774
1775
1776
1777
1778
1779
1780
1781
1782
1783
1784
1785
1786
1787
1788
1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799
1800
1801
1802
1803
1804
1805
1806
1807
1808
1809
1810
1811
1812
1813
1814
1815
1816
1817
1818

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

Camdes M, Oliveira A, Pereira M, Severo M, Lopes C. Role of physical activity and diet
in incidence of hypertension: a population-based study in Portuguese adults. Eur J Clin
Nutr. 2010;64(12):1441-9. PMID: 20808327.
http://www.ncbi.nlm.nih.gov/pubmed/20808327.

Folsom AR, Parker ED, Harnack LJ. Degree of concordance with DASH diet guidelines
and incidence of hypertension and fatal cardiovascular disease. Am J Hypertens.
2007;20(3):225-32. PMID: 17324731. http://www.ncbi.nlm.nih.gov/pubmed/17324731.
Estruch R, Martinez-Gonzélez MA, Corella D, Salas-Salvado J, Ruiz-Gutiérrez V, Covas
M1, et al. Effects of a Mediterranean-style diet on cardiovascular risk factors: a
randomized trial. Ann Intern Med. 2006;145(1):1-11. PMID: 16818923.
http://www.ncbi.nlm.nih.gov/pubmed/16818923.

Jula A, Marniemi J, Huupponen R, Virtanen A, Rastas M, Rénnemaa T. Effects of diet
and simvastatin on serum lipids, insulin, and antioxidants in hypercholesterolemic men: a
randomized controlled trial. JAMA. 2002;287(5):598-605. PMID: 11829698.
http://www.ncbi.nlm.nih.gov/pubmed/11829698.

Nufiez-Cordoba JM, Valencia-Serrano F, Toledo E, Alonso A, Martinez-Gonzalez MA.
The Mediterranean diet and incidence of hypertension: the Seguimiento Universidad de
Navarra (SUN) Study. Am J Epidemiol. 2009;169(3):339-46. PMID: 19037007.
http://www.ncbi.nlm.nih.gov/pubmed/19037007.

Burr ML, Butland BK. Heart disease in British vegetarians. Am J Clin Nutr. 1988;48(3
Suppl):830-2. PMID: 3414590. http://www.ncbi.nIm.nih.gov/pubmed/3414590.
Margetts BM, Beilin LJ, Armstrong BK, Vandongen R. A randomized control trial of a
vegetarian diet in the treatment of mild hypertension. Clin Exp Pharmacol Physiol.
1985;12(3):263-6. PMID: 3896594. http://www.ncbi.nIm.nih.gov/pubmed/3896594.
Crowe FL, Appleby PN, Travis RC, Key TJ. Risk of hospitalization or death from
ischemic heart disease among British vegetarians and nonvegetarians: results from the
EPIC-Oxford cohort study. Am J Clin Nutr. 2013;97(3):597-603. PMID: 23364007.
http://www.ncbi.nlm.nih.gov/pubmed/23364007.

Zamora D, Gordon-Larsen P, He K, Jacobs DR, Shikany JM, Popkin BM. Are the 2005
Dietary Guidelines for Americans Associated With reduced risk of type 2 diabetes and
cardiometabolic risk factors? Twenty-year findings from the CARDIA study. Diabetes
Care. 2011;34(5):1183-5. PMID: 21478463.
http://www.ncbi.nlm.nih.gov/pubmed/21478463.

van de Laar RJ, Stehouwer CD, van Bussel BC, Prins MH, Twisk JW, Ferreira I.
Adherence to a Mediterranean dietary pattern in early life is associated with lower arterial
stiffness in adulthood: the Amsterdam Growth and Health Longitudinal Study. J Intern
Med. 2013;273(1):79-93. PMID: 22809371.
http://www.ncbi.nlm.nih.gov/pubmed/22809371.

Rumawas ME, Meigs JB, Dwyer JT, McKeown NM, Jacques PF. Mediterranean-style
dietary pattern, reduced risk of metabolic syndrome traits, and incidence in the
Framingham Offspring Cohort. Am J Clin Nutr. 2009;90(6):1608-14. PMID: 19828705.
http://www.ncbi.nlm.nih.gov/pubmed/19828705.

Tortosa A, Bes-Rastrollo M, Sanchez-Villegas A, Basterra-Gortari FJ, Nufiez-Cordoba
JM, Martinez-Gonzalez MA. Mediterranean diet inversely associated with the incidence
of metabolic syndrome: the SUN prospective cohort. Diabetes Care. 2007;30(11):2957-9.
PMID: 17712023. http://www.ncbi.nlm.nih.gov/pubmed/17712023.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 49



1819
1820
1821
1822
1823
1824
1825
1826
1827
1828
1829
1830
1831
1832
1833
1834
1835
1836
1837
1838
1839
1840
1841
1842
1843
1844
1845
1846
1847
1848
1849
1850
1851
1852
1853
1854
1855
1856
1857
1858
1859
1860
1861
1862
1863
1864

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

Estruch R, Ros E, Martinez-Gonzalez MA. Mediterranean diet for primary prevention of
cardiovascular disease. N Engl J Med. 2013;369(7):676-7. PMID: 23944307.
http://www.ncbi.nlm.nih.gov/pubmed/23944307.

Ambrosini GL. Childhood dietary patterns and later obesity: a review of the evidence.
Proc Nutr Soc. 2014;73(1):137-46. PMID: 24280165.
http://www.ncbi.nlm.nih.gov/pubmed/24280165.

Esposito K, Kastorini CM, Panagiotakos DB, Giugliano D. Mediterranean diet and
weight loss: meta-analysis of randomized controlled trials. Metab Syndr Relat Disord.
2011;9(1):1-12. PMID: 20973675. http://www.ncbi.nlm.nih.gov/pubmed/20973675.
Beunza JJ, Toledo E, Hu FB, Bes-Rastrollo M, Serrano-Martinez M, Sanchez-Villegas A,
et al. Adherence to the Mediterranean diet, long-term weight change, and incident
overweight or obesity: the Seguimiento Universidad de Navarra (SUN) cohort. Am J Clin
Nutr. 2010;92(6):1484-93. PMID: 20962161.
http://www.ncbi.nlm.nih.gov/pubmed/20962161.

Mendez MA, Popkin BM, Jakszyn P, Berenguer A, Tormo MJ, Sanchéz MJ, et al.
Adherence to a Mediterranean diet is associated with reduced 3-year incidence of obesity.
J Nutr. 2006;136(11):2934-8. PMID: 17056825.
http://www.ncbi.nlm.nih.gov/pubmed/17056825.

Romaguera D, Norat T, Vergnaud AC, Mouw T, May AM, Agudo A, et al.
Mediterranean dietary patterns and prospective weight change in participants of the
EPIC-PANACEA project. Am J Clin Nutr. 2010;92(4):912-21. PMID: 20810975.
http://www.ncbi.nlm.nih.gov/pubmed/20810975.

Berz JP, Singer MR, Guo X, Daniels SR, Moore LL. Use of a DASH food group score to
predict excess weight gain in adolescent girls in the National Growth and Health Study.
Arch Pediatr Adolesc Med. 2011;165(6):540-6. PMID: 21646587.
http://www.ncbi.nlm.nih.gov/pubmed/21646587.

Cheng G, Gerlach S, Libuda L, Kranz S, Giinther AL, Karaolis-Danckert N, et al. Diet
quality in childhood is prospectively associated with the timing of puberty but not with
body composition at puberty onset. J Nutr. 2010;140(1):95-102. PMID: 19923386.
http://www.ncbi.nlm.nih.gov/pubmed/19923386.

Gao SK, Beresford SA, Frank LL, Schreiner PJ, Burke GL, Fitzpatrick AL.
Modifications to the Healthy Eating Index and its ability to predict obesity: the Multi-
Ethnic Study of Atherosclerosis. Am J Clin Nutr. 2008;88(1):64-9. PMID: 18614725.
http://www.ncbi.nlm.nih.gov/pubmed/18614725.

Kesse-Guyot E, Castetbon K, Estaquio C, Czernichow S, Galan P, Hercberg S.
Association between the French nutritional guideline-based score and 6-year
anthropometric changes in a French middle-aged adult cohort. Am J Epidemiol.
2009;170(6):757-65. PMID: 19656810. http://www.ncbi.nlm.nih.gov/pubmed/19656810.
Zamora D, Gordon-Larsen P, Jacobs DR, Popkin BM. Diet quality and weight gain
among black and white young adults: the Coronary Artery Risk Development in Young
Adults (CARDIA) Study (1985-2005). Am J Clin Nutr. 2010;92(4):784-93. PMID:
20685947. http://www.ncbi.nlm.nih.gov/pubmed/20685947.

Lassale C, Fezeu L, Andreeva VA, Hercberg S, Kengne AP, Czernichow S, et al.
Association between dietary scores and 13-year weight change and obesity risk in a
French prospective cohort. Int J Obes (Lond). 2012;36(11):1455-62. PMID: 22249228.
http://dx.doi.org/10.1038/ij0.2011.264.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 50



1865
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1908
1909

45.

46.

47.

48.

49,

50.

o1,

52.

53.

54,

55.

56.

S7.

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

Woo J, Cheung B, Ho S, Sham A, Lam TH. Influence of dietary pattern on the
development of overweight in a Chinese population. Eur J Clin Nutr. 2008;62(4):480-7.
PMID: 17327865. http://www.ncbi.nIm.nih.gov/pubmed/17327865.

Jacobs DR, Sluik D, Rokling-Andersen MH, Anderssen SA, Drevon CA. Association of
1-y changes in diet pattern with cardiovascular disease risk factors and adipokines: results
from the 1-y randomized Oslo Diet and Exercise Study. Am J Clin Nutr. 2009;89(2):509-
17. PMID: 19116328. http://www.ncbi.nlm.nih.gov/pubmed/19116328.

Duffey KJ, Steffen LM, Van Horn L, Jacobs DR, Popkin BM. Dietary patterns matter:
diet beverages and cardiometabolic risks in the longitudinal Coronary Artery Risk
Development in Young Adults (CARDIA) Study. Am J Clin Nutr. 2012;95(4):909-15.
PMID: 22378729. http://www.ncbi.nIm.nih.gov/pubmed/22378729.

Hosseini-Esfahani F, Djazaieri SA, Mirmiran P, Mehrabi Y, Azizi F. Which food patterns
are predictors of obesity in Tehranian adults? J Nutr Educ Behav. 2012;44(6):564-73.
PMID: 21652267. http://www.ncbi.nIm.nih.gov/pubmed/21652267.

McNaughton SA, Mishra GD, Stephen AM, Wadsworth ME. Dietary patterns throughout
adult life are associated with body mass index, waist circumference, blood pressure, and
red cell folate. J Nutr. 2007;137(1):99-105. PMID: 17182808.
http://www.ncbi.nlm.nih.gov/pubmed/17182808.

Newby PK, Muller D, Hallfrisch J, Qiao N, Andres R, Tucker KL. Dietary patterns and
changes in body mass index and waist circumference in adults. Am J Clin Nutr.
2003;77(6):1417-25. PMID: 12791618. http://www.ncbi.nIm.nih.gov/pubmed/12791618.
Newby PK, Muller D, Hallfrisch J, Andres R, Tucker KL. Food patterns measured by
factor analysis and anthropometric changes in adults. Am J Clin Nutr. 2004;80(2):504-13.
PMID: 15277177. http://www.ncbi.nlm.nih.gov/pubmed/15277177.

Togo P, Osler M, Sgrensen TI, Heitmann BL. A longitudinal study of food intake
patterns and obesity in adult Danish men and women. Int J Obes Relat Metab Disord.
2004;28(4):583-93. PMID: 14770197. http://www.ncbi.nlm.nih.gov/pubmed/14770197.
Boggs DA, Palmer JR, Spiegelman D, Stampfer MJ, Adams-Campbell LL, Rosenberg L.
Dietary patterns and 14-y weight gain in African American women. Am J Clin Nutr.
2011;94(1):86-94. PMID: 21593501. http://www.ncbi.nlm.nih.gov/pubmed/21593501.
Newby PK, Weismayer C, Akesson A, Tucker KL, Wolk A. Longitudinal changes in
food patterns predict changes in weight and body mass index and the effects are greatest
in obese women. J Nutr. 2006;136(10):2580-7. PMID: 16988130.
http://www.ncbi.nlm.nih.gov/pubmed/16988130.

Quatromoni PA, Copenhafer DL, D'Agostino RB, Millen BE. Dietary patterns predict the
development of overweight in women: The Framingham Nutrition Studies. J Am Diet
Assoc. 2002;102(9):1239-46. PMID: 12792620.
http://www.ncbi.nlm.nih.gov/pubmed/12792620.

Ritchie LD, Spector P, Stevens MJ, Schmidt MM, Schreiber GB, Striegel-Moore RH, et
al. Dietary patterns in adolescence are related to adiposity in young adulthood in black
and white females. J Nutr. 2007;137(2):399-406. PMID: 17237318.
http://www.ncbi.nlm.nih.gov/pubmed/17237318.

Schulze MB, Fung TT, Manson JE, Willett WC, Hu FB. Dietary patterns and changes in
body weight in women. Obesity (Silver Spring). 2006;14(8):1444-53. PMID: 16988088.
http://www.ncbi.nlm.nih.gov/pubmed/16988088.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 51



1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

Alhazmi A, Stojanovski E, McEvoy M, Garg ML. The association between dietary
patterns and type 2 diabetes: a systematic review and meta-analysis of cohort studies. J
Hum Nutr Diet. 2014;27(3):251-60. PMID: 24102939.
http://www.ncbi.nlm.nih.gov/pubmed/24102939.

Liese AD, Nichols M, Sun X, D'Agostino RB, Haffner SM. Adherence to the DASH Diet
is inversely associated with incidence of type 2 diabetes: the insulin resistance
atherosclerosis study. Diabetes Care. 2009;32(8):1434-6. PMID: 19487638.
http://www.ncbi.nlm.nih.gov/pubmed/19487638.

Martinez-Gonzalez MA, de la Fuente-Arrillaga C, Nunez-Cordoba JM, Basterra-Gortari
FJ, Beunza JJ, Vazquez Z, et al. Adherence to Mediterranean diet and risk of developing
diabetes: prospective cohort study. BMJ. 2008;336(7657):1348-51. PMID: 18511765.
http://www.ncbi.nlm.nih.gov/pubmed/18511765.

Rossi M, Turati F, Lagiou P, Trichopoulos D, Augustin LS, La Vecchia C, et al.
Mediterranean diet and glycaemic load in relation to incidence of type 2 diabetes: results
from the Greek cohort of the population-based European Prospective Investigation into
Cancer and Nutrition (EPIC). Diabetologia. 2013;56(11):2405-13. PMID: 23975324.
http://www.ncbi.nlm.nih.gov/pubmed/23975324.

Abiemo EE, Alonso A, Nettleton JA, Steffen LM, Bertoni AG, Jain A, et al.
Relationships of the Mediterranean dietary pattern with insulin resistance and diabetes
incidence in the Multi-Ethnic Study of Atherosclerosis (MESA). Br J Nutr.
2013;109(8):1490-7. PMID: 22932232. http://www.ncbi.nIm.nih.gov/pubmed/22932232.
Fung TT, McCullough M, van Dam RM, Hu FB. A prospective study of overall diet
quality and risk of type 2 diabetes in women. Diabetes Care. 2007;30(7):1753-7. PMID:
17429059. http://www.ncbi.nlm.nih.gov/pubmed/17429059.

Gopinath B, Rochtchina E, Flood VM, Mitchell P. Diet quality is prospectively
associated with incident impaired fasting glucose in older adults. Diabet Med.
2013;30(5):557-62. PMID: 23301551. http://www.ncbi.nIm.nih.gov/pubmed/23301551.
von Ruesten A, lliner AK, Buijsse B, Heidemann C, Boeing H. Adherence to
recommendations of the German food pyramid and risk of chronic diseases: results from
the EPIC-Potsdam study. Eur J Clin Nutr. 2010;64(11):1251-9. PMID: 20717136.
http://www.ncbi.nlm.nih.gov/pubmed/20717136.

Malik VS, Fung TT, van Dam RM, Rimm EB, Rosner B, Hu FB. Dietary patterns during
adolescence and risk of type 2 diabetes in middle-aged women. Diabetes Care.
2012;35(1):12-8. PMID: 22074723. http://www.ncbi.nlm.nih.gov/pubmed/22074723.
Hodge AM, English DR, O'Dea K, Giles GG. Dietary patterns and diabetes incidence in
the Melbourne Collaborative Cohort Study. Am J Epidemiol. 2007;165(6):603-10.
PMID: 17220476. http://www.ncbi.nIm.nih.gov/pubmed/17220476.

Nanri A, Shimazu T, Takachi R, Ishihara J, Mizoue T, Noda M, et al. Dietary patterns
and type 2 diabetes in Japanese men and women: the Japan Public Health Center-based
Prospective Study. Eur J Clin Nutr. 2013;67(1):18-24. PMID: 23093343.
http://www.ncbi.nlm.nih.gov/pubmed/23093343.

Nettleton JA, Steffen LM, Ni H, Liu K, Jacobs DR. Dietary patterns and risk of incident
type 2 diabetes in the Multi-Ethnic Study of Atherosclerosis (MESA). Diabetes Care.
2008;31(9):1777-82. PMID: 18544792. http://www.ncbi.nim.nih.gov/pubmed/18544792.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 52



1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

Liese AD, Weis KE, Schulz M, Tooze JA. Food intake patterns associated with incident
type 2 diabetes: the Insulin Resistance Atherosclerosis Study. Diabetes Care.
2009;32(2):263-8. PMID: 19033409. http://www.ncbi.nlm.nih.gov/pubmed/19033409.
McNaughton SA, Mishra GD, Brunner EJ. Dietary patterns, insulin resistance, and
incidence of type 2 diabetes in the Whitehall Il Study. Diabetes Care. 2008;31(7):1343-8.
PMID: 18390803. http://www.ncbi.nlm.nih.gov/pubmed/18390803.

Imamura F, Lichtenstein AH, Dallal GE, Meigs JB, Jacques PF. Generalizability of
dietary patterns associated with incidence of type 2 diabetes mellitus. Am J Clin Nutr.
2009;90(4):1075-83. PMID: 19710193. http://www.ncbi.nIm.nih.gov/pubmed/19710193.
Adamsson V, Reumark A, Fredriksson 1B, Hammarstrom E, Vessby B, Johansson G, et
al. Effects of a healthy Nordic diet on cardiovascular risk factors in
hypercholesterolaemic subjects: a randomized controlled trial (NORDIET). J Intern Med.
2011;269(2):150-9. PMID: 20964740. http://www.ncbi.nIm.nih.gov/pubmed/20964740.
Blumenthal JA, Babyak MA, Sherwood A, Craighead L, Lin PH, Johnson J, et al. Effects
of the dietary approaches to stop hypertension diet alone and in combination with
exercise and caloric restriction on insulin sensitivity and lipids. Hypertension.
2010;55(5):1199-205. PMID: 20212264.
http://www.ncbi.nlm.nih.gov/pubmed/20212264.

Esposito K, Marfella R, Ciotola M, Di Palo C, Giugliano F, Giugliano G, et al. Effect of a
mediterranean-style diet on endothelial dysfunction and markers of vascular
inflammation in the metabolic syndrome: a randomized trial. JAMA. 2004;292(12):1440-
6. PMID: 15383514. http://www.ncbi.nlm.nih.gov/pubmed/15383514.

Gadgil MD, Appel LJ, Yeung E, Anderson CA, Sacks FM, Miller ER. The effects of
carbohydrate, unsaturated fat, and protein intake on measures of insulin sensitivity:
results from the OmniHeart trial. Diabetes Care. 2013;36(5):1132-7. PMID: 23223345.
http://www.ncbi.nlm.nih.gov/pubmed/23223345.

Rallidis LS, Lekakis J, Kolomvotsou A, Zampelas A, Vamvakou G, Efstathiou S, et al.
Close adherence to a Mediterranean diet improves endothelial function in subjects with
abdominal obesity. Am J Clin Nutr. 2009;90(2):263-8. PMID: 19515732.
http://www.ncbi.nlm.nih.gov/pubmed/19515732.

Salas-Salvado J, Fernandez-Ballart J, Ros E, Martinez-Gonzéalez MA, Fit6 M, Estruch R,
et al. Effect of a Mediterranean diet supplemented with nuts on metabolic syndrome
status: one-year results of the PREDIMED randomized trial. Arch Intern Med.
2008;168(22):2449-58. PMID: 19064829.
http://www.ncbi.nlm.nih.gov/pubmed/19064829.

Salas-Salvado J, Bullé M, Babio N, Martinez-Gonzélez M, Ibarrola-Jurado N, Basora J,
et al. Reduction in the incidence of type 2 diabetes with the Mediterranean diet: results of
the PREDIMED-Reus nutrition intervention randomized trial. Diabetes Care.
2011;34(1):14-9. PMID: 20929998. http://www.ncbi.nlm.nih.gov/pubmed/20929998.
Tonstad S, Stewart K, Oda K, Batech M, Herring RP, Fraser GE. Vegetarian diets and
incidence of diabetes in the Adventist Health Study-2. Nutr Metab Cardiovasc Dis.
2013;23(4):292-9. PMID: 21983060. http://www.ncbi.nlm.nih.gov/pubmed/21983060.
Kimokoti RW, Gona P, Zhu L, Newby PK, Millen BE, Brown LS, et al. Dietary patterns
of women are associated with incident abdominal obesity but not metabolic syndrome. J
Nutr. 2012;142(9):1720-7. PMID: 22833658.
http://www.ncbi.nlm.nih.gov/pubmed/22833658.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 53



2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

Lau C, Toft U, Tetens I, Carstensen B, Jgrgensen T, Pedersen O, et al. Dietary patterns
predict changes in two-hour post-oral glucose tolerance test plasma glucose
concentrations in middle-aged adults. J Nutr. 2009;139(3):588-93. PMID: 19158222.
http://www.ncbi.nlm.nih.gov/pubmed/19158222.

Willett W. Nutritional Epidemiology. New York: Oxford University Press; 1988.

World Cancer Research Fund/American Institute for Cancer Research. Food, Nutrition,
and the Prevention of Cancer: a Global Perspective. Washington D.C.: AICR; 1997.
World Cancer Research Fund/American Institute for Cancer Research. Food, Nutrition,
Physical Activity, and the Prevention of Cancer: a Global Perspective. Washington D.C.:
AICR; 2007.

World Cancer Research Fund/American Institute for Cancer Research. Continuous
Update Project (CUP) 2014 [cited 2014 November 6]. Available from:
http://www.dietandcancerreport.org/cup/.

World Cancer Research Fund/American Institute for Cancer Research. Chapter 3:
Judging the Evidence. Food Nutrition, Physical Activity, and the Prevention of Cancer: a
Global Perspective. Washington D.C.: AICR; 2007. p. 48-62.

Agnoli C, Grioni S, Sieri S, Palli D, Masala G, Sacerdote C, et al. Italian Mediterranean
Index and risk of colorectal cancer in the Italian section of the EPIC cohort. Int J Cancer.
2013;132(6):1404-11. PMID: 22821300.
http://www.ncbi.nlm.nih.gov/pubmed/22821300.

Bamia C, Lagiou P, Buckland G, Grioni S, Agnoli C, Taylor AJ, et al. Mediterranean diet
and colorectal cancer risk: results from a European cohort. Eur J Epidemiol.
2013;28(4):317-28. PMID: 23579425. http://www.ncbi.nlm.nih.gov/pubmed/23579425.
Beresford SA, Johnson KC, Ritenbaugh C, Lasser NL, Snetselaar LG, Black HR, et al.
Low-fat dietary pattern and risk of colorectal cancer: the Women's Health Initiative
Randomized Controlled Dietary Modification Trial. JAMA. 2006;295(6):643-54. PMID:
16467233. http://www.ncbi.nlm.nih.gov/pubmed/16467233.

Butler LM, Wang R, Koh WP, Yu MC. Prospective study of dietary patterns and
colorectal cancer among Singapore Chinese. Br J Cancer. 2008;99(9):1511-6. PMID:
18813309. http://www.ncbi.nlm.nih.gov/pubmed/18813309.

Dixon LB, Balder HF, Virtanen MJ, Rashidkhani B, Mannisto S, Krogh V, et al. Dietary
patterns associated with colon and rectal cancer: results from the Dietary Patterns and
Cancer (DIETSCAN) Project. Am J Clin Nutr. 2004;80(4):1003-11. PMID: 15447912.
http://www.ncbi.nlm.nih.gov/pubmed/15447912.

Doubeni CA, Major JM, Laiyemo AO, Schootman M, Zauber AG, Hollenbeck AR, et al.
Contribution of behavioral risk factors and obesity to socioeconomic differences in
colorectal cancer incidence. J Natl Cancer Inst. 2012;104(18):1353-62. PMID: 22952311.
http://www.ncbi.nlm.nih.gov/pubmed/22952311.

Engeset D, Dyachenko A, Ciampi A, Lund E. Dietary patterns and risk of cancer of
various sites in the Norwegian European Prospective Investigation into Cancer and
Nutrition cohort: the Norwegian Women and Cancer study. Eur J Cancer Prev.
2009;18(1):69-75. PMID: 19077568. http://www.ncbi.nlm.nih.gov/pubmed/19077568.
Flood A, Rastogi T, Wirfalt E, Mitrou PN, Reedy J, Subar AF, et al. Dietary patterns as
identified by factor analysis and colorectal cancer among middle-aged Americans. Am J
Clin Nutr. 2008;88(1):176-84. PMID: 18614739.
http://www.ncbi.nlm.nih.gov/pubmed/18614739.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 54



2046
2047
2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060
2061
2062
2063
2064
2065
2066
2067
2068
2069
2070
2071
2072
2073
2074
2075
2076
2077
2078
2079
2080
2081
2082
2083
2084
2085
2086
2087
2088
2089
2090
2091

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

Fung T, Hu FB, Fuchs C, Giovannucci E, Hunter DJ, Stampfer MJ, et al. Major dietary
patterns and the risk of colorectal cancer in women. Arch Intern Med. 2003;163(3):309-
14. PMID: 12578511. http://www.ncbi.nlm.nih.gov/pubmed/12578511.

Fung TT, Hu FB, Wu K, Chiuve SE, Fuchs CS, Giovannucci E. The Mediterranean and
Dietary Approaches to Stop Hypertension (DASH) diets and colorectal cancer. Am J Clin
Nutr. 2010;92(6):1429-35. PMID: 21097651.
http://www.ncbi.nlm.nih.gov/pubmed/21097651.

Fung TT, Hu FB, Schulze M, Pollak M, Wu T, Fuchs CS, et al. A dietary pattern that is
associated with C-peptide and risk of colorectal cancer in women. Cancer Causes
Control. 2012;23(6):959-65. PMID: 22535146.
http://www.ncbi.nlm.nih.gov/pubmed/22535146.

Jarvandi S, Davidson NO, Schootman M. Increased risk of colorectal cancer in type 2
diabetes is independent of diet quality. PLoS One. 2013;8(9):e74616. PMID: 24069323.
http://www.ncbi.nlm.nih.gov/pubmed/24069323.

Kesse E, Clavel-Chapelon F, Boutron-Ruault MC. Dietary patterns and risk of colorectal
tumors: a cohort of French women of the National Education System (E3N). Am J
Epidemiol. 2006;164(11):1085-93. PMID: 16990408.
http://www.ncbi.nlm.nih.gov/pubmed/16990408.

Key TJ, Appleby PN, Spencer EA, Travis RC, Roddam AW, Allen NE. Cancer incidence
in vegetarians: results from the European Prospective Investigation into Cancer and
Nutrition (EPIC-Oxford). Am J Clin Nutr. 2009;89(5):1620S-6S. PMID: 19279082.
http://www.ncbi.nlm.nih.gov/pubmed/19279082.

Kim MK, Sasaki S, Otani T, Tsugane S, Japan Public Health Center-based Prospective
Study G. Dietary patterns and subsequent colorectal cancer risk by subsite: a prospective
cohort study. Int J Cancer. 2005;115(5):790-8. PMID: 15704172.
http://www.ncbi.nlm.nih.gov/pubmed/15704172.

Kyro C, Skeie G, Loft S, Overvad K, Christensen J, Tjonneland A, et al. Adherence to a
healthy Nordic food index is associated with a lower incidence of colorectal cancer in
women: the Diet, Cancer and Health cohort study. Br J Nutr. 2013;109(5):920-7. PMID:
22874538. http://www.ncbi.nlm.nih.gov/pubmed/22874538.

Mai V, Kant AK, Flood A, Lacey JV, Jr., Schairer C, Schatzkin A. Diet quality and
subsequent cancer incidence and mortality in a prospective cohort of women. Int J
Epidemiol. 2005;34(1):54-60. PMID: 15649959.
http://www.ncbi.nlm.nih.gov/pubmed/15649959.

Miller PE, Cross AJ, Subar AF, Krebs-Smith SM, Park Y, Powell-Wiley T, et al.
Comparison of 4 established DASH diet indexes: examining associations of index scores
and colorectal cancer. Am J Clin Nutr. 2013;98(3):794-803. PMID: 23864539.
http://www.ncbi.nlm.nih.gov/pubmed/23864539.

Reedy J, Mitrou PN, Krebs-Smith SM, Wirfalt E, Flood A, Kipnis V, et al. Index-based
dietary patterns and risk of colorectal cancer: the NIH-AARP Diet and Health Study. Am
J Epidemiol. 2008;168(1):38-48. PMID: 18525082.
http://www.ncbi.nlm.nih.gov/pubmed/18525082.

Wirfalt E, Midthune D, Reedy J, Mitrou P, Flood A, Subar AF, et al. Associations
between food patterns defined by cluster analysis and colorectal cancer incidence in the
NIH-AARP diet and health study. Eur J Clin Nutr. 2009;63(6):707-17. PMID: 18685556.
http://www.ncbi.nlm.nih.gov/pubmed/18685556.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 55



2092
2093
2094
2095
2096
2097
2098
2099
2100
2101
2102
2103
2104
2105
2106
2107
2108
2109
2110
2111
2112
2113
2114
2115
2116
2117
2118
2119
2120
2121
2122
2123
2124
2125
2126
2127
2128
2129
2130
2131
2132
2133
2134
2135
2136
2137

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

Wu K, Hu FB, Fuchs C, Rimm EB, Willett WC, Giovannucci E. Dietary patterns and risk
of colon cancer and adenoma in a cohort of men (United States). Cancer Causes Control.
2004;15(9):853-62. PMID: 15577287. http://www.ncbi.nlm.nih.gov/pubmed/15577287.
Terry P, Hu FB, Hansen H, Wolk A. Prospective study of major dietary patterns and
colorectal cancer risk in women. Am J Epidemiol. 2001;154(12):1143-9. PMID:
11744520. http://www.ncbi.nlm.nih.gov/pubmed/11744520.

Adebamowo CA, Hu FB, Cho E, Spiegelman D, Holmes MD, Willett WC. Dietary
patterns and the risk of breast cancer. Ann Epidemiol. 2005;15(10):789-95. PMID:
16257363. http://www.ncbi.nIm.nih.gov/pubmed/16257363.

Agurs-Collins T, Rosenberg L, Makambi K, Palmer JR, Adams-Campbell L. Dietary
patterns and breast cancer risk in women participating in the Black Women's Health
Study. Am J Clin Nutr. 2009;90(3):621-8. PMID: 19587089.
http://www.ncbi.nlm.nih.gov/pubmed/19587089.

Baglietto L, Krishnan K, Severi G, Hodge A, Brinkman M, English DR, et al. Dietary
patterns and risk of breast cancer. Br J Cancer. 2011;104(3):524-31. PMID: 21157446.
http://www.ncbi.nlm.nih.gov/pubmed/21157446.

Buckland G, Travier N, Cottet V, Gonzalez CA, Lujan-Barroso L, Agudo A, et al.
Adherence to the mediterranean diet and risk of breast cancer in the European
prospective investigation into cancer and nutrition cohort study. Int J Cancer.
2013;132(12):2918-27. PMID: 23180513.
http://www.ncbi.nlm.nih.gov/pubmed/23180513.

Butler LM, Wu AH, Wang R, Koh WP, Yuan JM, Yu MC. A vegetable-fruit-soy dietary
pattern protects against breast cancer among postmenopausal Singapore Chinese women.
Am J Clin Nutr. 2010;91(4):1013-9. PMID: 20181808.
http://www.ncbi.nlm.nih.gov/pubmed/20181808.

Cade JE, Taylor EF, Burley VJ, Greenwood DC. Common dietary patterns and risk of
breast cancer: analysis from the United Kingdom Women's Cohort Study. Nutr Cancer.
2010;62(3):300-6. PMID: 20358467. http://www.ncbi.nlm.nih.gov/pubmed/20358467.
Cade JE, Taylor EF, Burley VJ, Greenwood DC. Does the Mediterranean dietary pattern
or the Healthy Diet Index influence the risk of breast cancer in a large British cohort of
women? Eur J Clin Nutr. 2011;65(8):920-8. PMID: 21587285.
http://www.ncbi.nlm.nih.gov/pubmed/21587285.

Cottet V, Touvier M, Fournier A, Touillaud MS, Lafay L, Clavel-Chapelon F, et al.
Postmenopausal breast cancer risk and dietary patterns in the E3N-EPIC prospective
cohort study. Am J Epidemiol. 2009;170(10):1257-67. PMID: 19828509.
http://www.ncbi.nlm.nih.gov/pubmed/19828509.

Couto E, Sandin S, Lof M, Ursin G, Adami HO, Weiderpass E. Mediterranean dietary
pattern and risk of breast cancer. PLoS One. 2013;8(2):€55374. PMID: 23390532.
http://www.ncbi.nlm.nih.gov/pubmed/23390532.

Fung TT, Hu FB, Holmes MD, Rosner BA, Hunter DJ, Colditz GA, et al. Dietary
patterns and the risk of postmenopausal breast cancer. Int J Cancer. 2005;116(1):116-21.
PMID: 15756679. http://www.ncbi.nlm.nih.gov/pubmed/15756679.

Fung TT, Hu FB, McCullough ML, Newby PK, Willett WC, Holmes MD. Diet quality is
associated with the risk of estrogen receptor-negative breast cancer in postmenopausal
women. J Nutr. 2006;136(2):466-72. PMID: 16424129.
http://www.ncbi.nlm.nih.gov/pubmed/16424129.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 56



2138
2139
2140
2141
2142
2143
2144
2145
2146
2147
2148
2149
2150
2151
2152
2153
2154
2155
2156
2157
2158
2159
2160
2161
2162
2163
2164
2165
2166
2167
2168
2169
2170
2171
2172
2173
2174
2175
2176
2177
2178
2179
2180
2181
2182

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

Fung TT, Hu FB, Hankinson SE, Willett WC, Holmes MD. Low-carbohydrate diets,
dietary approaches to stop hypertension-style diets, and the risk of postmenopausal breast
cancer. Am J Epidemiol. 2011;174(6):652-60. PMID: 21832271.
http://www.ncbi.nlm.nih.gov/pubmed/21832271.

Fung TT, Schulze MB, Hu FB, Hankinson SE, Holmes MD. A dietary pattern derived to
correlate with estrogens and risk of postmenopausal breast cancer. Breast Cancer Res
Treat. 2012;132(3):1157-62. PMID: 22218885.
http://www.ncbi.nlm.nih.gov/pubmed/22218885.

Link LB, Canchola AJ, Bernstein L, Clarke CA, Stram DO, Ursin G, et al. Dietary
patterns and breast cancer risk in the California Teachers Study cohort. Am J Clin Nutr.
2013;98(6):1524-32. PMID: 24108781. http://www.ncbi.nIm.nih.gov/pubmed/24108781.
Mannisto S, Dixon LB, Balder HF, Virtanen MJ, Krogh V, Khani BR, et al. Dietary
patterns and breast cancer risk: results from three cohort studies in the DIETSCAN
project. Cancer Causes Control. 2005;16(6):725-33. PMID: 16049811.
http://www.ncbi.nlm.nih.gov/pubmed/16049811.

Prentice RL, Caan B, Chlebowski RT, Patterson R, Kuller LH, Ockene JK, et al. Low-fat
dietary pattern and risk of invasive breast cancer: the Women's Health Initiative
Randomized Controlled Dietary Modification Trial. JAMA. 2006;295(6):629-42. PMID:
16467232. http://www.ncbi.nlm.nih.gov/pubmed/16467232.

Sant M, Allemani C, Sieri S, Krogh V, Menard S, Tagliabue E, et al. Salad vegetables
dietary pattern protects against HER-2-positive breast cancer: a prospective Italian study.
Int J Cancer. 2007;121(4):911-4. PMID: 17455245.
http://www.ncbi.nlm.nih.gov/pubmed/17455245.

Schulz M, Hoffmann K, Weikert C, Nothlings U, Schulze MB, Boeing H. Identification
of a dietary pattern characterized by high-fat food choices associated with increased risk
of breast cancer: the European Prospective Investigation into Cancer and Nutrition
(EPIC)-Potsdam Study. Br J Nutr. 2008;100(5):942-6. PMID: 18377685.
http://www.ncbi.nlm.nih.gov/pubmed/18377685.

Sieri S, Krogh V, Pala V, Muti P, Micheli A, Evangelista A, et al. Dietary patterns and
risk of breast cancer in the ORDET cohort. Cancer Epidemiol Biomarkers Prev.
2004;13(4):567-72. PMID: 15066921. http://www.ncbi.nlm.nih.gov/pubmed/15066921.
Terry P, Suzuki R, Hu FB, Wolk A. A prospective study of major dietary patterns and the
risk of breast cancer. Cancer Epidemiol Biomarkers Prev. 2001;10(12):1281-5. PMID:
11751446. http://www.ncbi.nlm.nih.gov/pubmed/11751446.

Trichopoulou A, Bamia C, Lagiou P, Trichopoulos D. Conformity to traditional
Mediterranean diet and breast cancer risk in the Greek EPIC (European Prospective
Investigation into Cancer and Nutrition) cohort. Am J Clin Nutr. 2010;92(3):620-5.
PMID: 20631204. http://www.ncbi.nIm.nih.gov/pubmed/20631204.

Velie EM, Schairer C, Flood A, He JP, Khattree R, Schatzkin A. Empirically derived
dietary patterns and risk of postmenopausal breast cancer in a large prospective cohort
study. Am J Clin Nutr. 2005;82(6):1308-19. PMID: 16332665.
http://www.ncbi.nlm.nih.gov/pubmed/16332665.

Balder HF, Goldbohm RA, van den Brandt PA. Dietary patterns associated with male
lung cancer risk in the Netherlands Cohort Study. Cancer Epidemiol Biomarkers Prev.
2005;14(2):483-90. PMID: 15734976. http://www.ncbi.nlm.nih.gov/pubmed/15734976.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 57



2183
2184
2185
2186
2187
2188
2189
2190
2191
2192
2193
2194
2195
2196
2197
2198
2199
2200
2201
2202
2203
2204
2205
2206
2207
2208
2209
2210
2211
2212
2213
2214
2215
2216
2217
2218
2219
2220
2221
2222
2223
2224
2225
2226
2227
2228

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

Gnagnarella P, Maisonneuve P, Bellomi M, Rampinelli C, Bertolotti R, Spaggiari L, et al.
Red meat, Mediterranean diet and lung cancer risk among heavy smokers in the
COSMOS screening study. Ann Oncol. 2013;24(10):2606-11. PMID: 23956193.
http://www.ncbi.nlm.nih.gov/pubmed/23956193.

Ax E, Garmo H, Grundmark B, Bill-Axelson A, Holmberg L, Becker W, et al. Dietary
patterns and prostate cancer risk: report from the population based ULSAM cohort study
of swedish men. Nutr Cancer. 2014;66(1):77-87. PMID: 24325263.
http://www.ncbi.nlm.nih.gov/pubmed/24325263.

Bosire C, Stampfer MJ, Subar AF, Park Y, Kirkpatrick SI, Chiuve SE, et al. Index-based
dietary patterns and the risk of prostate cancer in the NIH-AARP diet and health study.
Am J Epidemiol. 2013;177(6):504-13. PMID: 23408548.
http://www.ncbi.nlm.nih.gov/pubmed/23408548.

Kenfield SA, DuPre N, Richman EL, Stampfer MJ, Chan JM, Giovannucci EL.
Mediterranean diet and prostate cancer risk and mortality in the health professionals
follow-up study. Eur Urol. 2014,65(5):887-94. PMID: 23962747.
http://www.ncbi.nlm.nih.gov/pubmed/23962747.

Muller DC, Severi G, Baglietto L, Krishnan K, English DR, Hopper JL, et al. Dietary
patterns and prostate cancer risk. Cancer Epidemiol Biomarkers Prev. 2009;18(11):3126-
9. PMID: 19861522. http://www.ncbi.nIm.nih.gov/pubmed/19861522.

Tseng M, Breslow RA, DeVellis RF, Ziegler RG. Dietary patterns and prostate cancer
risk in the National Health and Nutrition Examination Survey Epidemiological Follow-up
Study cohort. Cancer Epidemiol Biomarkers Prev. 2004;13(1):71-7. PMID: 14744736.
http://www.ncbi.nlm.nih.gov/pubmed/14744736.

Wu K, Hu FB, Willett WC, Giovannucci E. Dietary patterns and risk of prostate cancer in
U.S. men. Cancer Epidemiol Biomarkers Prev. 2006;15(1):167-71. PMID: 16434606.
http://www.ncbi.nlm.nih.gov/pubmed/16434606.

Wolff T, Witkop CT, Miller T, Syed SB. Folic Acid Supplementation for the Prevention
of Neural Tube Defects: An Update of the Evidence for the U.S. Preventive Services
Task Force. Evidence Synthesis No. 70. AHRQ Publication No. 09-051132-EF-1.
Rockville, Maryland: Agency for Healthcare Research and Quality.2009 May.

Pitkin RM. Folate and neural tube defects. Am J Clin Nutr. 2007;85(1):285S-8S. PMID:
17209211. http://www.ncbi.nlm.nih.gov/pubmed/17209211.

Yang Q, Cogswell ME, Hamner HC, Carriquiry A, Bailey LB, Pfeiffer CM, et al. Folic
acid source, usual intake, and folate and vitamin B-12 status in US adults: National
Health and Nutrition Examination Survey (NHANES) 2003-2006. Am J Clin Nutr.
2010;91(1):64-72. PMID: 19828716. http://www.ncbi.nlm.nih.gov/pubmed/19828716.
Bailey RL, Dodd KW, Gahche JJ, Dwyer JT, McDowell MA, Yetley EA, et al. Total
folate and folic acid intake from foods and dietary supplements in the United States:
2003-2006. Am J Clin Nutr. 2010;91(1):231-7. PMID: 19923379.
http://www.ncbi.nlm.nih.gov/pubmed/19923379.

U. S. Preventive Services Task Force. Folic Acid to Prevent Neural Tube Defects:
Preventive Medication. Recommendation Summary May 2009 [cited 2014 November].
Available from: http://www.uspreventiveservicestaskforce.org/uspstf/uspsnrfol.htm.
Food and Nutrition Board - Institute of Medicine. Dietary Reference Intakes: The
Essential Guide to Nutrient Requirements. Washington, DC: The National Academies
Press; 2006.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 58



2229
2230
2231
2232
2233
2234
2235
2236
2237
2238
2239
2240
2241
2242
2243
2244
2245
2246
2247
2248
2249
2250
2251
2252
2253
2254
2255
2256
2257
2258
2259
2260
2261
2262
2263
2264
2265
2266
2267
2268
2269
2270
2271
2272
2273
2274

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

Carmichael SL, Yang W, Feldkamp ML, Munger RG, Siega-Riz AM, Botto LD, et al.
Reduced risks of neural tube defects and orofacial clefts with higher diet quality. Arch
Pediatr Adolesc Med. 2012;166(2):121-6. PMID: 21969361.
http://www.ncbi.nlm.nih.gov/pubmed/21969361.

Sotres-Alvarez D, Siega-Riz AM, Herring AH, Carmichael SL, Feldkamp ML, Hobbs
CA, et al. Maternal dietary patterns are associated with risk of neural tube and congenital
heart defects. Am J Epidemiol. 2013;177(11):1279-88. PMID: 23639938.
http://www.ncbi.nlm.nih.gov/pubmed/23639938.

Vujkovic M, Ocke MC, van der Spek PJ, Yazdanpanah N, Steegers EA, Steegers-
Theunissen RP. Maternal Western dietary patterns and the risk of developing a cleft lip
with or without a cleft palate. Obstet Gynecol. 2007;110(2 Pt 1):378-84. PMID:
17666614. http://www.ncbi.nlm.nih.gov/pubmed/17666614.

Vujkovic M, Steegers EA, Looman CW, Ocke MC, van der Spek PJ, Steegers-
Theunissen RP. The maternal Mediterranean dietary pattern is associated with a reduced
risk of spina bifida in the offspring. BJOG. 2009;116(3):408-15. PMID: 19187373.
http://www.ncbi.nlm.nih.gov/pubmed/19187373.

Obermann-Borst SA, Vujkovic M, de Vries JH, Wildhagen MF, Looman CW, de Jonge
R, et al. A maternal dietary pattern characterised by fish and seafood in association with
the risk of congenital heart defects in the offspring. BJOG. 2011;118(10):1205-15.
PMID: 21585642. http://www.ncbi.nIm.nih.gov/pubmed/21585642.

Nutrition Evidence Library; U.S. Department of Agriculture. What are the effects of
maternal dietary intake of omega-3 fatty acids on breast milk composition and infant
health outcomes? [cited 2014 November]. Available from:
http://nel.gov/evidence.cfm?evidence_summary_id=250144.

Hebert LE, Weuve J, Scherr PA, Evans DA. Alzheimer disease in the United States
(2010-2050) estimated using the 2010 census. Neurology. 2013;80(19):1778-83. PMID:
23390181. http://www.ncbi.nlm.nih.gov/pubmed/23390181.

Dorsey ER, George BP, Leff B, Willis AW. The coming crisis: obtaining care for the
growing burden of neurodegenerative conditions. Neurology. 2013;80(21):1989-96.
PMID: 23616157. http://www.ncbi.nIm.nih.gov/pubmed/23616157.

Centers for Disease Control and Prevention. QuickStats: Prevalence of Current
Depression* Among Persons Aged >12 Years, by Age Group and Sex — United States,
National Health and Nutrition Examination Survey, 2007—2010. Morbidity and Mortality
Weekly Report (MMWR) [Internet]. 2012; 60(51):[1747 p.]. Available from:
http://lwww.cdc.gov/mmwr/preview/mmwrhtml/mm6051a7.htm?s_cid=mm6051a7_w.
Barnes JL, Tian M, Edens NK, Morris MC. Consideration of nutrient levels in studies of
cognitive decline. Nutr Rev. 2014;72(11):707-19. PMID: 25323849.
http://www.ncbi.nlm.nih.gov/pubmed/25323849.

Rita Cardoso B, Silva Bandeira V, Jacob-Filho W, Franciscato Cozzolino SM. Selenium
status in elderly: Relation to cognitive decline. J Trace Elem Med Biol. 2014. PMID:
25220532. http://www.ncbi.nlm.nih.gov/pubmed/25220532.

Gelenberg AJ, Freeman MP, Markowitz JC, Rosenbaum JF, Thase ME, Trivedi MH, et
al. Practice Guideline for the Treatment of Patients With Major Depressive Disorder,
Third Edition. page 51 and page 92. 2010. Available from:
http://psychiatryonline.org/pb/assets/raw/sitewide/practice_guidelines/guidelines/mdd.pdf

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 59



2275
2276
2277
2278
2279
2280
2281
2282
2283
2284
2285
2286
2287
2288
2289
2290
2291
2292
2293
2294
2295
2296
2297
2298
2299
2300
2301
2302
2303
2304
2305
2306
2307
2308
2309
2310
2311
2312
2313
2314
2315
2316
2317
2318
2319

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

Grosso G, Pajak A, Marventano S, Castellano S, Galvano F, Bucolo C, et al. Role of
omega-3 fatty acids in the treatment of depressive disorders: a comprehensive meta-
analysis of randomized clinical trials. PLoS One. 2014;9(5):€96905. PMID: 24805797.
http://www.ncbi.nlm.nih.gov/pubmed/24805797.

Cherbuin N, Anstey KJ. The Mediterranean diet is not related to cognitive change in a
large prospective investigation: the PATH Through Life study. Am J Geriatr Psychiatry.
2012;20(7):635-9. PMID: 21937919. http://www.ncbi.nlm.nih.gov/pubmed/21937919.
Eskelinen MH, Ngandu T, Tuomilehto J, Soininen H, Kivipelto M. Midlife healthy-diet
index and late-life dementia and Alzheimer's disease. Dement Geriatr Cogn Dis Extra.
2011;1(1):103-12. PMID: 22163237. http://www.ncbi.nlm.nih.gov/pubmed/22163237.
Féart C, Samieri C, Rondeau V, Amieva H, Portet F, Dartigues JF, et al. Adherence to a
Mediterranean diet, cognitive decline, and risk of dementia. JAMA. 2009;302(6):638-48.
PMID: 19671905. http://www.ncbi.nlm.nih.gov/pubmed/19671905.

Gardener SL, Rainey-Smith SR, Barnes MB, Sohrabi HR, Weinborn M, Lim Y, et al.
Dietary patterns and cognitive decline in an Australian study of ageing. Mol Psychiatry.
2014. PMID: 25070537. http://www.ncbi.nlm.nih.gov/pubmed/25070537.

Gu 'Y, Luchsinger JA, Stern Y, Scarmeas N. Mediterranean diet, inflammatory and
metabolic biomarkers, and risk of Alzheimer's disease. J Alzheimers Dis.
2010;22(2):483-92. PMID: 20847399. http://www.ncbi.nlm.nih.gov/pubmed/20847399.
Gu Y, Nieves JW, Stern Y, Luchsinger JA, Scarmeas N. Food combination and
Alzheimer disease risk: a protective diet. Arch Neurol. 2010;67(6):699-706. PMID:
20385883. http://www.ncbi.nlm.nih.gov/pubmed/20385883.

Kesse-Guyot E, Amieva H, Castetbon K, Henegar A, Ferry M, Jeandel C, et al.
Adherence to nutritional recommendations and subsequent cognitive performance:
findings from the prospective Supplementation with Antioxidant Vitamins and Minerals
2 (SU.VL.MAX 2) study. Am J Clin Nutr. 2011;93(1):200-10. PMID: 21106918.
http://www.ncbi.nlm.nih.gov/pubmed/21106918.

Kesse-Guyot E, Andreeva VA, Jeandel C, Ferry M, Hercberg S, Galan P. A healthy
dietary pattern at midlife is associated with subsequent cognitive performance. J Nutr.
2012;142(5):909-15. PMID: 22457391. http://www.ncbi.nlm.nih.gov/pubmed/22457391.
Kesse-Guyot E, Andreeva VA, Lassale C, Ferry M, Jeandel C, Hercberg S, et al.
Mediterranean diet and cognitive function: a French study. Am J Clin Nutr.
2013;97(2):369-76. PMID: 23283500. http://www.ncbi.nlm.nih.gov/pubmed/23283500.
Kesse-Guyot E, Andreeva VA, Ducros V, Jeandel C, Julia C, Hercberg S, et al.
Carotenoid-rich dietary patterns during midlife and subsequent cognitive function. Br J
Nutr. 2014;111(5):915-23. PMID: 24073964.
http://www.ncbi.nlm.nih.gov/pubmed/24073964.

Koyama A, Houston DK, Simonsick EM, Lee JS, Ayonayon HN, Shahar DR, et al.
Association Between the Mediterranean Diet and Cognitive Decline in a Biracial
Population. J Gerontol A Biol Sci Med Sci. 2014. PMID: 24994847.
http://www.ncbi.nlm.nih.gov/pubmed/24994847.

Martinez-Lapiscina EH, Clavero P, Toledo E, Estruch R, Salas-Salvad6 J, San Julian B,
et al. Mediterranean diet improves cognition: the PREDIMED-NAVARRA randomised
trial. J Neurol Neurosurg Psychiatry. 2013;84(12):1318-25. PMID: 23670794.
http://www.ncbi.nlm.nih.gov/pubmed/23670794.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 60



2320
2321
2322
2323
2324
2325
2326
2327
2328
2329
2330
2331
2332
2333
2334
2335
2336
2337
2338
2339
2340
2341
2342
2343
2344
2345
2346
2347
2348
2349
2350
2351
2352
2353
2354
2355
2356
2357
2358
2359
2360
2361
2362
2363
2364
2365

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

Nicolas A, Faisant C, Nourhashemi F, Lanzmann-Petithory D, Vellas B. Associations
between nutritional intake and cognitive function in a healthy ageing sample: A 4-year
reassessment. . European Journal of Geriatrics. 2000;2(3):114-9.

Olsson E, Karlstrom B, Kilander L, Byberg L, Cederholm T, Sjogren P. Dietary Patterns
and Cognitive Dysfunction in a 12-Year Follow-up Study of 70 Year Old Men. J
Alzheimers Dis. 2014. PMID: 25062901.
http://www.ncbi.nlm.nih.gov/pubmed/25062901.

Ozawa M, Ninomiya T, Ohara T, Doi Y, Uchida K, Shirota T, et al. Dietary patterns and
risk of dementia in an elderly Japanese population: the Hisayama Study. Am J Clin Nutr.
2013;97(5):1076-82. PMID: 23553168. http://www.ncbi.nlm.nih.gov/pubmed/23553168.
Parrott MD, Shatenstein B, Ferland G, Payette H, Morais JA, Belleville S, et al.
Relationship between diet quality and cognition depends on socioeconomic position in
healthy older adults. J Nutr. 2013;143(11):1767-73. PMID: 23986363.
http://www.ncbi.nlm.nih.gov/pubmed/23986363.

Psaltopoulou T, Kyrozis A, Stathopoulos P, Trichopoulos D, Vassilopoulos D,
Trichopoulou A. Diet, physical activity and cognitive impairment among elders: the
EPIC-Greece cohort (European Prospective Investigation into Cancer and Nutrition).
Public Health Nutr. 2008;11(10):1054-62. PMID: 18205988.
http://www.ncbi.nlm.nih.gov/pubmed/18205988.

Roberts RO, Geda YE, Cerhan JR, Knopman DS, Cha RH, Christianson TJ, et al.
Vegetables, unsaturated fats, moderate alcohol intake, and mild cognitive impairment.
Dement Geriatr Cogn Disord. 2010;29(5):413-23. PMID: 20502015.
http://www.ncbi.nlm.nih.gov/pubmed/20502015.

Samieri C, Grodstein F, Rosner BA, Kang JH, Cook NR, Manson JE, et al.
Mediterranean diet and cognitive function in older age. Epidemiology. 2013;24(4):490-9.
PMID: 23676264. http://www.ncbi.nIm.nih.gov/pubmed/23676264.

Samieri C, Okereke Ol, E Devore E, Grodstein F. Long-term adherence to the
Mediterranean diet is associated with overall cognitive status, but not cognitive decline,
in women. J Nutr. 2013;143(4):493-9. PMID: 23365105.
http://www.ncbi.nlm.nih.gov/pubmed/23365105.

Samieri C, Sun Q, Townsend MK, Chiuve SE, Okereke Ol, Willett WC, et al. The
association between dietary patterns at midlife and health in aging: an observational
study. Ann Intern Med. 2013;159(9):584-91. PMID: 24189593.
http://www.ncbi.nlm.nih.gov/pubmed/24189593.

Scarmeas N, Stern Y, Mayeux R, Manly JJ, Schupf N, Luchsinger JA. Mediterranean diet
and mild cognitive impairment. Arch Neurol. 2009;66(2):216-25. PMID: 19204158.
http://www.ncbi.nlm.nih.gov/pubmed/19204158.

Scarmeas N, Stern Y, Tang MX, Mayeux R, Luchsinger JA. Mediterranean diet and risk
for Alzheimer's disease. Ann Neurol. 2006;59(6):912-21. PMID: 16622828.
http://www.ncbi.nlm.nih.gov/pubmed/16622828.

Shatenstein B, Ferland G, Belleville S, Gray-Donald K, Kergoat MJ, Morais J, et al. Diet
quality and cognition among older adults from the NuAge study. Exp Gerontol.
2012;47(5):353-60. PMID: 22386581. http://www.ncbi.nlm.nih.gov/pubmed/22386581.
Smith PJ, Blumenthal JA, Babyak MA, Craighead L, Welsh-Bohmer KA, Browndyke
JN, et al. Effects of the dietary approaches to stop hypertension diet, exercise, and caloric
restriction on neurocognition in overweight adults with high blood pressure.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 61



2366
2367
2368
2369
2370
2371
2372
2373
2374
2375
2376
2377
2378
2379
2380
2381
2382
2383
2384
2385
2386
2387
2388
2389
2390
2391
2392
2393
2394
2395
2396
2397
2398
2399
2400
2401
2402
2403
2404
2405
2406
2407
2408
2409
2410

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

Hypertension. 2010;55(6):1331-8. PMID: 20305128.
http://www.ncbi.nlm.nih.gov/pubmed/20305128.

Tangney CC, Kwasny MJ, Li H, Wilson RS, Evans DA, Morris MC. Adherence to a
Mediterranean-type dietary pattern and cognitive decline in a community population. Am
J Clin Nutr. 2011;93(3):601-7. PMID: 21177796.
http://www.ncbi.nlm.nih.gov/pubmed/21177796.

Titova OE, Ax E, Brooks SJ, Sjogren P, Cederholm T, Kilander L, et al. Mediterranean
diet habits in older individuals: associations with cognitive functioning and brain
volumes. Exp Gerontol. 2013;48(12):1443-8. PMID: 24126083.
http://www.ncbi.nlm.nih.gov/pubmed/24126083.

Tsivgoulis G, Judd S, Letter AJ, Alexandrov AV, Howard G, Nahab F, et al. Adherence
to a Mediterranean diet and risk of incident cognitive impairment. Neurology.
2013;80(18):1684-92. PMID: 23628929.
http://www.ncbi.nlm.nih.gov/pubmed/23628929.

Wengreen H, Munger RG, Cutler A, Quach A, Bowles A, Corcoran C, et al. Prospective
study of Dietary Approaches to Stop Hypertension- and Mediterranean-style dietary
patterns and age-related cognitive change: the Cache County Study on Memory, Health
and Aging. Am J Clin Nutr. 2013;98(5):1263-71. PMID: 24047922.
http://www.ncbi.nlm.nih.gov/pubmed/24047922.

Wengreen HJ, Neilson C, Munger R, Corcoran C. Diet quality is associated with better
cognitive test performance among aging men and women. J Nutr. 2009;139(10):1944-9.
PMID: 19675102. http://www.ncbi.nIm.nih.gov/pubmed/19675102.

Akbaraly TN, Brunner EJ, Ferrie JE, Marmot MG, Kivimaki M, Singh-Manoux A.
Dietary pattern and depressive symptoms in middle age. Br J Psychiatry.
2009;195(5):408-13. PMID: 19880930. http://www.ncbi.nlm.nih.gov/pubmed/19880930.
Akbaraly TN, Sabia S, Shipley MJ, Batty GD, Kivimaki M. Adherence to healthy dietary
guidelines and future depressive symptoms: evidence for sex differentials in the
Whitehall 11 study. Am J Clin Nutr. 2013;97(2):419-27. PMID: 23283506.
http://www.ncbi.nlm.nih.gov/pubmed/23283506.

Chan R, Chan D, Woo J. A Prospective Cohort Study to Examine the Association
between Dietary Patterns and Depressive Symptoms in Older Chinese People in Hong
Kong. PLoS One. 2014;9(8):e105760. PMID: 25148515.
http://www.ncbi.nlm.nih.gov/pubmed/25148515.

Chatzi L, Melaki V, Sarri K, Apostolaki I, Roumeliotaki T, Georgiou V, et al. Dietary
patterns during pregnancy and the risk of postpartum depression: the mother-child 'Rhea’
cohort in Crete, Greece. Public Health Nutr. 2011;14(9):1663-70. PMID: 21477412.
http://www.ncbi.nlm.nih.gov/pubmed/21477412.

Chocano-Bedoya PO, O'Reilly EJ, Lucas M, Mirzaei F, Okereke OI, Fung TT, et al.
Prospective study on long-term dietary patterns and incident depression in middle-aged
and older women. Am J Clin Nutr. 2013;98(3):813-20. PMID: 23885043.
http://www.ncbi.nlm.nih.gov/pubmed/23885043.

Jacka FN, Cherbuin N, Anstey KJ, Butterworth P. Dietary patterns and depressive
symptoms over time: examining the relationships with socioeconomic position, health
behaviours and cardiovascular risk. PL0S One. 2014;9(1):e87657. PMID: 24489946.
http://www.ncbi.nlm.nih.gov/pubmed/24489946.

Scientific Report of the 2015 Dietary Guidelines Advisory Committee 62



2411
2412
2413
2414
2415
2416
2417
2418
2419
2420
2421
2422
2423
2424
2425
2426
2427
2428
2429
2430
2431
2432
2433
2434
2435
2436
2437
2438
2439
2440
2441
2442
2443
2444
2445
2446
2447
2448
2449
2450
2451
2452
2453
2454
2455
2456

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

Part D. Chapter 2: Dietary Patterns, Foods and Nutrients, and Health Outcomes

Le Port A, Gueguen A, Kesse-Guyot E, Melchior M, Lemogne C, Nabi H, et al.
Association between dietary patterns and depressive symptoms over time: a 10-year
follow-up study of the GAZEL cohort. PL0oS One. 2012;7(12):e51593. PMID: 23251585.
http://www.ncbi.nlm.nih.gov/pubmed/23251585.

Lucas M, Chocano-Bedoya P, Shulze MB, Mirzaei F, O'Reilly E, Okereke Ol, et al.
Inflammatory dietary pattern and risk of depression among women. Brain Behav Immun.
2014;36:46-53. PMID: 24095894. http://www.ncbi.nlm.nih.gov/pubmed/24095894.
McMartin SE, Kuhle S, Colman I, Kirk SF, Veugelers PJ. Diet quality and mental health
in subsequent years among Canadian youth. Public Health Nutr. 2012;15(12):2253-8.
PMID: 22414240. http://www.ncbi.nlm.nih.gov/pubmed/22414240.

Okubo H, Miyake Y, Sasaki S, Tanaka K, Murakami K, Hirota Y, et al. Dietary patterns
during pregnancy and the risk of postpartum depression in Japan: the Osaka Maternal and
Child Health Study. Br J Nutr. 2011;105(8):1251-7. PMID: 21144112,
http://www.ncbi.nlm.nih.gov/pubmed/21144112.

Rienks J, Dobson AJ, Mishra GD. Mediterranean dietary pattern and prevalence and
incidence of depressive symptoms in mid-aged women: results from a large community-
based prospective study. Eur J Clin Nutr. 2013;67(1):75-82. PMID: 23212131.
http://www.ncbi.nlm.nih.gov/pubmed/23212131.

Ruusunen A, Lehto SM, Mursu J, Tolmunen T, Tuomainen TP, Kauhanen J, et al.
Dietary patterns are associated with the prevalence of elevated depressive symptoms and
the risk of getting a hospital discharge diagnosis of depression in middle-aged or older
Finnish men. J Affect Disord. 2014;159:1-6. PMID: 24679382.
http://www.ncbi.nlm.nih.gov/pubmed/24679382.

Sanchez-Villegas A, Delgado-Rodriguez M, Alonso A, Schlatter J, Lahortiga F, Serra
Majem L, et al. Association of the Mediterranean dietary pattern with the incidence of
depression: the Seguimiento Universidad de Navarra/University of Navarra follow-up
(SUN) cohort. Arch Gen Psychiatry. 2009;66(10):1090-8. PMID: 19805699.
http://www.ncbi.nlm.nih.gov/pubmed/19805699.

Sanchez-Villegas A, Martinez-Gonzélez MA, Estruch R, Salas-Salvadé J, Corella D,
Covas MI, et al. Mediterranean dietary pattern and depression: the PREDIMED
randomized trial. BMC Med. 2013;11:208. PMID: 24229349.
http://www.ncbi.nlm.nih.gov/pubmed/24229349.

Skarupski KA, Tangney CC, Li H, Evans DA, Morris MC. Mediterranean diet and
depressive symptoms among older adults over time. J Nutr Health Aging.
2013;17(5):441-5. PMID: 23636545. http://www.ncbi.nlm.nih.gov/pubmed/23636545.
Torres SJ, Nowson CA. A moderate-sodium DASH-type diet improves mood in
postmenopausal women. Nutrition. 2012;28(9):896-900. PMID: 22480799.
http://www.ncbi.nlm.nih.gov/pubmed/22480799.

Vilela AA, Farias DR, Eshri