Part D. Section 1: Energy Balance

PART D. Section 1: Energy Balance and Weight Management

Introduction

Energy balance refers to the balance between calories consumed through eating and drinking
and those calories expended through physical activity and metabolic processes. Energy consumed
must equal energy expended for a person to remain at the same body weight. Overweight and
obesity will result from excess calorie intake and/or inadequate physical activity. Weight loss will
occur when a calorie deficit exists, which can be achieved by eating less, being more physically

active, or a combination of the two.

Recommendations for calorie intake to maintain weight will vary depending on a person’s age,
sex, size, and level of physical activity. Specific equations for estimating calorie needs are provided in
the Dietary Reference Intakes (IOM, 2002/2005). Recommended total energy intakes range from
2000 to 3000 calories per day for men and 1600 to 2400 calories per day for women, depending on
age and physical activity level (see Part D. Section 2: Nutrient Adequacy and Table B2.1 in Part D.
Section 2: The Total Diet: Combining Nutrients, Consuming Food for additional information on
energy intake). Although current mean energy intake seems to be in this range, as indicated in Figure

D1.1, energy intake is only one part of the energy balance equation.

Figure D1.1. Mean total energy intake in comparison to recommended ranges for age and sex groups

Figure D1.1 shows mean energy intake is within recommended ranges for all age and sex groups, with intakes at the higher end
of the range for younger males and females and at the lower end of the range with increasing age.

3200
3000 +
2800 +
2600 +

2400

2200
2000 | L L
1800 i

1600 "} A

1400

Calories

1200

1000

800

600
400

200

0

O N O DD P S S O N O P DR e O

AN LRV NN VS 0 S SSE

D7 FFFFEE <’ ¢ TS <
Sexand Age

Note: Vertical lines represent recommended ranges of calorie intake based on sex and age, with the triangle denoting mean
energy intake for each group.

Source: What We Eat in America, National Health and Nutrition Examination Survey (WWEIA, NHANES), 2005-2006, individuals
2 years and older (excluding breast-fed children), Day 1 dietary intake data, weighted. Available at:
www.ars.usda.gov/ba/bhnrc/fsrg. (USDA, 2008).
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Recommendations for energy intake include consideration of the physical activity level of each
individual, and strong evidence indicates that the current level of calorie intake is too high, given

physical activity levels in the United States (US).

Although the US does not have a national surveillance system that captures total energy
expended throughout the day, several national public health surveillance systems monitor physical
activity in the US population, including the Behavioral Risk Factor Surveillance System (BRESS;
http://www.cdc.gov/brfss), the Youth Risk Behavior Surveillance System (YRBSS;
http://www.cdc.gov/HealthyYouth/vrbs), National Health and Nutrition Examination Survey

(NHANES; http://www.cdc.gov/nchs/nhanes.htm), and the National Health Interview Survey
(NHIS; http://www.cdc.gov/nchs/nhis.htm). These resources indicate that physical activity levels

in the US are insufficient. As indicated in the 2008 National Health Interview Survey (Pleis, 2009),
36 percent of adults were considered inactive, 31 percent participated in some leisure-time physical

activity, and only 33 percent engaged in leisure-time physical activity on a regular basis.

Recent literature has tried to quantify the energy gap that has led to the current obesity
epidemic, with estimations ranging from 100 to 400 extra calories per day (Bouchard, 2008; Butte,
2003; Butte, 2007; Hill, 2003; Swinburn, 2006; Wang, 2006). Although the magnitude of this energy
imbalance has been debated, there is consensus that weight gain occurs as a result of a positive
energy balance—consuming more calories than are expended. As illustrated by the increase in the
prevalence of overweight and obesity in the US, energy intakes are exceeding energy expenditure for
many Americans. Moreover, recent data from the National Health and Nutrition Examination
Survey (NHANES) 2005-2006 (NCI, 2010) indicates that many of the top food sources of calories
among the US population are energy-dense and are not in nutrient-dense forms (see Tables D1.1,
D1.6, and D1.7 for the top food sources of energy by age group, and see Questions 4 and 6 in this

section for more information about the relationship between energy density and body weight).
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Table D1.1. Mean intake of energy and mean contribution (kcal) of various foods among US
population, by age, NHANES 2005-2006

All Age | Age | Age | Age | Age | Age | Age | Age | Age | Age
Age group Persons | 2-18 | 2-3 | 4-8 | 9-13 |14-18 | 19+ |19-30|31-50(51-70( 71+
Sample size 8549 3778 | 497 | 899 | 1047 | 1335 (4771 1310 | 1537 | 1224 | 700
Mean intake of energy (kcal) 2157 2027 | 1471 | 1802 | 2035 | 2427 | 2199 | 2407 | 2354 | 2020 | 1691
Rank® | Food Group™”*
1 Grain-based desserts 138 138 | 68 | 136 | 145 | 157 | 138 | 128 | 145 | 134 | 141
2 Yeast breads 129 114 65 98 109 | 151 | 134 | 120 | 128 | 149 | 141
3 Chicken and chicken mixed dishes 121 113 | 59 92 | 122 | 143 (123 | 154 | 141 97 67
4 Soda/energy/sports drinks 114 118 23 50 105 | 226 | 112 | 186 | 121 73 33
5 Pizza 98 136 47 95 128 | 213 86 129 | 108 48 21
6 Alcoholic beverages 82 6 - - - 18 106 | 120 | 135 82 40
7 Pasta and pasta dishes 81 91 86 97 101 78 78 92 81 75 50
8 Mexican mixed dishes 80 63 26 40 76 86 85 | 146 99 48 9
9 Beef and beef mixed dishes 64 43 19 23 42 70 71 81 78 58 55
10 [ Dairy desserts 62 76 40 93 86 64 58 48 58 59 78
11 | Potato/corn/other chips 56 70 37 60 72 88 51 62 61 41 23
12 | Burgers 53 55 14 27 49 99 53 71 60 40 25
13 | Reduced fat milk 51 86 91 95 92 69 39 43 39 35 48
14 | Regular cheese 49 43 32 31 41 60 51 64 52 45 37
15 | Ready-to-eat cereals 49 65 58 77 60 61 44 50 39 41 57
16 | Sausage, franks, bacon, and ribs 49 47 43 44 53 46 49 47 53 51 39
17 | Fried white potatoes 48 52 35 43 49 68 46 64 52 36 16
18 [Candy 47 56 41 50 59 66 44 42 50 42 26
19 | Nuts/seeds and nut/seed mixed 42 27 | 22 | 26 | 30 | 26 | 47| 28 | 50 | 60 | 43
20 | Eggs and egg mixed dishes 39 30 20 25 31 36 42 38 44 44 39
21 | Rice and rice mixed dishes 36 24 19 20 28 24 41 49 49 30 20
22 | Fruit drinks 36 55 46 51 51 65 29 45 33 18 13
23 | Whole milk 33 60 104 76 42 45 25 30 28 17 22
24 | Quick breads 32 19 17 13 17 28 36 34 34 42 33
26 | Soups 26 20 18 23 19 18 28 25 22 37 36
28 | Other white potatoes 25 14 11 11 16 18 29 24 25 33 38
29 | Other fish and fish mixed dishes 25 10 9 10 11 11 30 | 22 29 34 35
30 |Crackers 24 27 38 34 24 21 23 25 23 21 25

# Rank for all persons only. Columns for other age groups are ordered by this ranking. The top five food groups for each age
roup are bolded.
Specific foods contributing at least 2% of energy for all persons in descending order are listed. Specific foods contributing at
least 2% of energy for any given subgroup are then also listed in italics.
cSpecific foods contributing at least 1% of energy for all persons in descending order: eggs and egg mixed dishes, rice and rice
mixed dishes, fruit drinks, whole milk, quick breads, cold cuts, soups, salad dressing, other white potatoes, other fish and fish
mixed dishes, crackers, and 100% orange/grapefruit juice.
Source: National Cancer Institute (NCI). Food Sources of Energy Among US Population, 2005-06. Risk Factor Monitoring and
Methods Branch Website. Applied Research Program. National Cancer Institute, 2010a.
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The result of the continued energy imbalance has resulted in a very high prevalence of
overweight and obesity in the US in both adults (Flegal, 2010) and children (Ogden, 2010). In
adults, the age-adjusted figures are 35.5 percent of women and 32.2 percent of men are obese.
Combining overweight and obese adults, the figures are 72.3 percent of women and 64.1 percent of
men. The prevalence is higher in Hispanic and Black women. In children, 9.5 percent of infants and
toddlers are at or above the 95" percentile of the weight-for-recumbent-length growth charts.
Among children and adolescents ages 2 through 19 years, 11.9 percent are at or above the 97"
percentile of the body mass index (BMI)-for-age growth charts, 16.9 percent are at or above the 95"
percentile, and 31.7 percent are at or above the 85" percentile. Again, minority children have a

higher prevalence of both overweight and obesity.

Such a high prevalence of overweight and obesity across the US population is of great public
health concern because excess body fat leads to a much higher risk of premature death and many
serious disorders, including type 2 diabetes (T2D), hypertension, dyslipidemia, cardiovascular disease
(CVD), stroke, gall bladder disease, sleep apnea, osteoarthritis, and certain kinds of cancer (Pi-
Sunyer, 2009). A sedentary lifestyle also poses risks of premature death, coronary artery disease,
hypertension, T2D, overweight and obesity, osteoporosis, certain types of cancer, depression,
decreased health-related quality of life, and decreased cardiorespiratory, metabolic, and
musculoskeletal fitness (HHS, 2008).

The questions asked and discussed in this chapter deal with important issues related to the high
prevalence of obesity in the US. For the first time, the Committee is examining how the food
environment is associated with dietary intake and body weight. Additionally, behaviors associated
with dietary intake and body weight are considered. The Committee also reviewed literature related
to body weight during the life cycle, including maternal weight gain during pregnancy and the
relationship between breastfeeding and maternal weight change. Because of the increase in
childhood overweight and obesity, a seties of questions addressing dietary intake and childhood
adiposity was asked. For adults, the Committee reviewed literature related to two areas of recent
interest in published literature: the effects of dietary macronutrient proportion and energy density on
body weight. For older adults, the relationships between body weight and mortality and disease risk
were reviewed. Finally, the Committee addressed the complementary aspect of energy balance,

physical activity.

List of Questions

FOOD ENVIRONMENT AND DIETARY BEHAVIORS

1. What effects do the food environment and dietary behaviors have on body weight?
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BODY WEIGHT AND THE LIFE CYCLE

2. What is the relationship between maternal weight gain during pregnancy and maternal-child
health?

What is the relationship between breastfeeding and maternal postpartum weight change?
How is dietary intake associated with childhood adiposity?

What is the relationship between macronutrient proportion and body weight in adults?

A

Is dietary energy density associated with weight loss, weight maintenance, and type 2 diabetes
among adults?

7. For older adults, what is the effect of weight loss versus weight maintenance on selected health
outcomes?

PHYSICAL ACTIVITY

8. What is the relationship between physical activity, body weight, and other health outcomes?

Methodology

The methodology for discussing the questions listed above varied with the question. Aspects of
Questions 5, 6, and 8 and a few dietary behaviors included in Question 1 were considered by the
2005 Dietary Guidelines Advisory Committee (DGAC). The remaining questions were not

considered in previous iterations of the DGAC Report.

With the exception of Questions 2 and 8, the topics in this section were answered using a
Nutrition Evidence Library (NEL) evidence-based systematic review. Question 2 was answered with
the recent IOM Weight Gain During Pregnancy: Reexamining the Guidelines Report (IOM, 2009), and
Question 8 was answered using the 2008 Physical Activity Guidelines for Americans (HHS, 2008) and the
associated Physical Activity Guidelines Advisory Committee Report PAGAC, 2008).

A description of the NEL evidence-based systematic review process is provided in Part C:
Methodology. Additional information about the search strategy and articles considered for each

question can be found in the Nutrition Evidence Library at www.nutritionevidencelibrary.com. To

answer the overall question of how the environment and dietary behaviors affect body weight, the
Committee conducted a series of NEL evidence-based systematic reviews. For the environment
question, only systematic reviews published since 2000 were considered because the Committee felt
that several recent reviews had been published that address the broad range of components that
make up the food environment. Energy intake, body weight, and vegetable and fruit intake were
selected as outcomes because they are frequent outcomes considered in this research. The

methodology addressing dietary behaviors varied, but in general, the studies considered for these
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questions included children and adults, were published between January 2000 and December 2009,

and were not cross-sectional in design.

Questions 5 and 6 were considered by the 2005 DGAC. The conclusions expressed in the 2005
DGAG report were based on evidence gathered before that date. The present conclusions for the
2010 Report are based on a NEL review of publications after June 2004. For macronutrient
proportions, the literature search included studies done in children and adults; however, after the
search revealed few studies with children, it was decided that the review would be limited to studies
done in adults older than age 19 years. Because Questions 3 and 7 were new questions considered by
a DGAC, the searches for these questions were extended back to 2000 and 1995, respectively. The
Committee focused their review of breastfeeding and maternal postpartum weight change to recent

systematic reviews and excluded primary research citations.

Question 4 was answered using the NEL evidence-based systematic review. Eight research
questions related to dietary intake in children were chosen. Several of the questions had previously
been reviewed by the American Dietetic Association Evidence Analysis Library, available at

www.adaevidencelibrary.com, so that the NEL review process updated these reviews to incorporate

the most recent five to six years that had not been covered in the ADA reviews. Two new questions,
however, were added to the NEL review (energy density and dietary fiber), and for these new
reviews, literature searches extended back to 1980. Cross-sectional studies wete excluded from the

reviews on childhood adiposity.

FOOD ENVIRONMENT AND DIETARY BEHAVIORS

Question 1: What Effects do the Food Environment and Dietary
Behaviors Have on Body Weight?

Conclusion

An emerging body of evidence has documented the impact of the food environment and select
behaviors on body weight in both children and adults. Moderately strong evidence now indicates
that the food environment is associated with dietary intake, especially less consumption of
vegetables and fruits and higher body weight. The presence of supermarkets in local neighborhoods
and other sources of vegetables and fruits are associated with lower body mass index, especially for
low-income Americans, while lack of supermarkets and long distances to supermarkets are
associated with higher body mass index. Finally, limited but consistent evidence suggests that
increased geographic density of fast food restaurants and convenience stores is also related to
increased body mass index.

Strong and consistent evidence indicates that children and adults who eat fast food are at increased
risk of weight gain, overweight, and obesity. The strongest documented relationship between fast
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food and obesity is when one or more fast-food meals are consumed per week. There is not enough
evidence at this time to similarly evaluate eating out at other types of restaurants and risk of weight
gain, overweight, and obesity. Strong evidence documents a positive relationship between portion
size and body weight. Strong and consistent evidence in both children and adults shows that screen
time is directly associated with increased overweight and obesity. The strongest association is with
television screen time. Strong evidence shows that for adults who need or desire to lose weight, or
who are maintaining body weight following weight loss, self-monitoring of food intake improves
outcomes. Moderate evidence suggests that children who do not eat breakfast are at increased risk of
overweight and obesity. The evidence is stronger for adolescents. There is inconsistent evidence that
adults who skip breakfast are at increased risk for overweight and obesity. Limited and inconsistent
evidence suggests that snacking is associated with increased body weight. Evidence is insufficient to
determine whether frequency of eating has an effect on overweight and obesity in children and
adults.

Implications

In order to reduce the obesity epidemic, actions must be taken to improve the food environment.
Policy (local, state, and national) and private-sector efforts must be made to increase the availability
of nutrient-dense foods for all Americans, especially for low-income Americans, through greater
access to grocery stores, produce trucks, and farmers’ markets, and greater financial incentives to
purchase and prepare healthy foods. The restaurant and food industries are encouraged to offer
foods in appropriate portion sizes that are low in calories, added sugars, and solid fat. Local zoning
policies should be considered to reduce fast food restaurant placement near schools.

In addition, individuals can adopt a series of dietary behaviors:

e Individuals are encouraged to prepare, serve, and consume smaller portions at home and
choose smaller portions of food while eating foods away from home.

e Children and adults are also encouraged to eat a healthy breakfast and to choose nutrient-
dense, minimally processed foods whenever they snack.

e Children and adults should limit screen time, especially television viewing and not eat food
while watching television. The American Academy of Pediatrics recommends no more than
1 to 2 hours of total media time for children and adolescents and discourages television
viewing for children younger than age 2 years (AAP, 2001). A Healthy People 2010 objective
is to increase the proportion of adolescents who view television 2 or fewer hours on a school
day (HHS, 2000).

e Adults are encouraged to self-monitor body weight, food intake, and physical activity to
improve outcomes when actively losing weight or maintaining body weight following weight
loss. There is also evidence that self-monitoring of body weight and physical activity also
improves outcomes when actively losing weight or maintaining bodyweight following weight
loss (Butryn, 2007; Wing, 2006). In order to facilitate better self-monitoring of food intake,
there needs to be increased availability of nutrition information at the point of purchase.

e Children and adults are encouraged to follow a frequency of eating that provides nutrient-
dense foods within daily caloric requirements periodically through the day. Caution must be
taken such that the frequency of eating does not lead to excess calorie intake but does meet
nutrient needs.
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Review of the Evidence

Background

Very few American children or adults currently follow the US Dietary Guidelines. The reasons
for this lack of overall compliance are numerous. Food intake is influenced by multiple factors
ranging from individual behaviors, food preferences, family and peer influences, cultural norms,
food availability at home, work, school, and in the community, food marketing, economic price
structures, food production, manufacturing, and retail, and policies. These influences range from
individual factors, the social environment, and the physical environment, to the macro-level

environment and are outlined in the socioecological framework (Figure D1.2).

Figure D1.2. Socioecologic framework

Figure D1.2 depicts the socioecologic model that provides a framework in which to develop, implement, and evaluate
comprehensive interventions. The model stresses that society is composed of interconnected elements — individual,
interpersonal, organizational, community, and social — that invariably affect one another. A comprehensive intervention should
consider how all these levels of influence can be addressed to support long-term healthful lifestyle choices. Examples are
provided at each level of the socioecological model for consideration in obesity prevention interventions. Items to consider at
the individual level include demographic factors such as age, sex, socioeconomic status, and race/ethnicity; psychosocial
factors; gene-environment interactions; and other personal factors such as culture and acculturation, biobehavioral
interactions, and social, political, and historical contexts. Next, behavioral settings should be considered during intervention
planning, and these include locations such as homes, schools, workplaces, medical and preventive care facilities, institutions,
travel and recreation, food service and retail, and other community settings. Third, an intervention planner should consider
various sectors of influence such as government, public health, agriculture, marketing, community design, foundations and
funders, and industry. The final element in this framework is social norms and values.
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Source: Centers of Disease Control and Prevention. Division of Nutrition, Physical Activity, and Obesity. State Nutrition, Physical
Activity and Obesity (NPAO) Program: Technical Assistance Manual. January 2008. Accessed April 21, 2010.
http://www.cdc.gov/obesity/downloads/TA_Manual_1_31_08.pdf - pg 36 of the document.
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Examining shifts in the food environment over the past 40 years is helpful in understanding
why Americans have difficulty meeting the US Dietary Guidelines. Tables D1.2 through D1.4 and
Figures D1.3 and D1.4 provide an overview of shifts in our food environment and consumer
behaviors from 1970 to 2008. Food available for consumption has increased in all major food
categories (Figure D1.3) and is not in alignhment with recommendations as outlined in the US
Dietary Guidelines (Figure D1.4). Average daily per capita calories, adjusted for spoilage and other
waste, increased from 2,057 in 1970 to 2,674 in 2008. Added fats and oils (not including naturally
occurring fats from meats and dairy) availability per person increased 56 percent, from 56 pounds in
1970 to 87 pounds in 2008. Availability of added sugars and sweeteners per person increased 15
percent, from 119 pounds per person in 1970 to 136 pounds in 2008.

The amount and type of beverages available have changed over time. Total beverage milk
declined 33 percent from 1970 to 2008 with a decrease in whole milk and increase in other beverage
milk products. Fruit juice availability increased 25 percent from 1970 to 2008, while vegetable juice
availability has remained constant since the data became available in 1999. In 2008, almost two
times more fruit drinks, cocktails, and ades (12.9 gallons per person) were available than fruit juice
(6.9 gallons). Among carbonated soft drinks, total availability increased from 39 gallons per person
per year in 1984 to 47 gallons in 2008, a 20 percent increase. During this time, availability of diet soft
drinks increased 58 percent from 9 to 15 gallons per person per year, and availability of regular soft
drinks increased 9 percent from 30 to 32 gallons per person per year. In 2008, more than two times
the amount of carbonated soft drink (46.9 gallons per person) was available than total beverage milk
(20.8 gallons) (USDA, 2010). As indicated in Table D1.9 (see end of the chapter), the caloric content
of beverages varies widely, and some of the beverages with the highest availability, including regular
sodas and fruit drinks, add calories to the diet without providing nutrients. Other beverages,
however, such as fat-free or low-fat milk and 100 percent fruit juice, provide a substantial amount of
nutrients along with the calories they contain, while water and unsweetened coffee and tea can
provide fluid needs without adding calories. Beverages, as an important component of the total diet,

are discussed further in Part B. Section 2: The Total Diet: Combining Nutrients, Consuming Food.
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Figure D1.3. Average daily per capita calories from the US food availability in 1970, 1990 and 2008,
adjusted for spoilage and other waste
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Source: ERS Food Availability (Per Capita) Data System http://www.ers.usda.gov/Data/FoodConsumption/.

Figure D1.3. Data points. All values in Calories.

Year 1970 1990 2008
Food component:

Dairy 155 260 257
Fruits 71 85 87

Vegetables 125 126 122
Meat, eggs, and nuts 463 453 482
Flour and cereal products 432 573 625
Caloric sweeteners 402 446 459
Added fats and oils 403 446 616
Other dairy fats 6 15 25
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Figure D1.4. Loss-adjusted per capita food availability was out of balance with dietary
recommendations in 2008
Figure D.1.4 provides the loss-adjusted per capita food availability in comparison to MyPyramid recommendations

for a 2000-calorie diet. Availability of grains (128%) and meat (121%) were above recommendations, while
availability of vegetables (71%), dairy (60%), and fruit (44%) were below recommendations.
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Note: Based on a 2000-calorie diet.
Source: USDA, Economic Research Service, Food Availability (Per Capita) Data System. Available at
http://www.ers.usda.gov/AmberWaves/March10/PDF/TrackingACentury.pdf.

Not only has the availability of foods and food products increased, but so has the number of
eating establishments (Table D1.2). The number of commercial eating places has increased 89
percent, with the number of fast food restaurants increasing 147 percent. The share of daily caloric
intake from foods eaten away from home increased from 18 percent in 1977 to 77 percent in 1996.
A recent USDA report found that overall, foods eaten away from home increases daily calorie
intake, saturated and solid fat, alcohol, added sugars (SOFAAS), and sodium intake and reduces
vegetable consumption (Todd, 2010). Expenditures by families and individuals for foods eaten away
from home as a share of disposable income increased 26 percent, while expenditures for foods eaten
at home decreased 42 percent. Overall food expenditures by families and individuals decreased 24
percent. Forty-five percent of all food expenditures are for foods eaten away from home, up from
33 percent in 1970. The number of food items at the supermarket increased from 10,425 in 1978 to
46,852 in 2008. Where Americans buy their food has also shifted, with the greatest decrease in
smaller grocery stores and the greatest increase in warehouse clubs and supercenters (Table D1.3).
Almost all portion sizes have increased over the past half-century, with the largest increases in
hamburgers, French fries, soda, and baked goods (Table D1.4). In 2002, the average serving of
steak was 224 percent larger and a chocolate cookie was 700 percent larger than the 1996 USDA
standard Food Guide Pyramid serving. Finally, the amount of time spend in food preparation
activities among American women has decreased 45 percent between 1975 and 2006 from 92

minutes per day to 51 minutes per day (Zick, 2009).
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Table D1.2. Changes over time in selected measures of the US food retail and food service

environment

Food environment measure Time frame Percent change

Number of commercial eating places' 1972 to 1995 89%

Number of fast food restaurants’ 1972 to 1995 147%

Percentage of meals and snacks eaten at restaurants (non-fast food)2 1977 to 1995 150%

Percentage of meals and snacks eaten at fast-food restaurants’ 1977 to 1995 200%

Number of commercially prepared meals consumed per week® 1981 to 2000 14%

Food At Home expenditures by families and individuals as a share of

disposable income (% of income)4 1970 to 2008 -42%

Food Away from Home expenditures by families and individuals as a share of

disposable income (% of income)4 1970 to 2008 26%

Total Food Expenditures by families and individuals as a share of disposable

income (% of income)* 1970 to 2008 -24%

Food Away from Home as a share of food expenditures’ 1970 to 2008 45%
1977-78 to

Share of daily caloric intake from food away from home® 1994-96 77%

Average number of items carried in a supermarket’ 1978 to 2008 449%

"National Restaurant Association. 1998. Restaurant Industry Members: 25 year History, 1970-1995. Washington, DC: Natl Restaurant

Assoc. 133 pp.

*National Restaurant Association. 2000. Restaurant Industry Pocket Factbook. Http://www.restaurant.org/research/pocket/index.htm.

3National Restaurant Association. Americans’ dining-out habits: 2000.

http://www.restaurant.org/tools/magazines/rusa/magArchive/year/article/?ArticlelD=138.

*USDA, ERS. Food CPI and Expenditures: Table 8. http://www.ers.usda.gov/Briefing/CPIFoodandExpenditures/Data.
®USDA, ERS. Food CPI and Expenditures: Table 10. http://www.ers.usda.gov/Briefing/CPIFoodandExpenditures/Data.
SStewart H, et al. 2006. Let's eat out: Americans weight taste, convenience, and nutrition. USDA, Economic Research Service Economic

Information Bulletin. http://www.ers.usda.gov/publications/eib19/eib19.pdf.

"Food Marketing Institute. 1979 Food Marketing Industry Speaks; http://www.fmi.org/facts_figs/?fuseaction=superfact.

Table D1.3. Changes over time in where Americans purchase food

Location 1972 2008
Supermarket 55% 58%
Convenience Store 2% 3%
Other grocery store 25% 4%
Specialty food store 8% 3%
Warehouse clubs and super centers <0.05% 18%
Mass merchandisers N/A 2%
Other stores 5% 8%
Home deliveries, mail order 3% 4%
Farmers, processors, wholesalers, and other 2% 1%

Source: USDA, ERS. Food CPI and Expenditures: Table 14. http://www.ers.usda.gov/Briefing/CPIFoodandExpenditures/Data.
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Table D1.4. Changes over time in the average portion size of selected food items sold in the US

marketplace

Part D. Section 1: Energy Balance

Food item Portion size (year) Portion size (year) Percent increase
Beer, can 12 0z (1936) 8-24 0z (2002) 33% - 100%
Beer, bottle 7 oz (1976) 7-40 0z (2002) 0% -471%
Chocolate bar, milk chocolate 0.6 0z (1908) 1.6-8 0z (2002) 167% - 1233%
French fries 2.4 0z (1955) 2.4-7.1 0z (2002) 0% - 196%
Hamburger 3.9 0z (1954) 4.4-12.6 0z (2002) 13%-223%
Soda, fountain 7 0z (1955) 12-42 oz (2002) 71% - 500%
Soda, bottle and can 6.5 0z (1916) 8-34 0z (2002) 23% -423%

Source: Young LR, Nestle M. Expanding portion sizes in the US marketplace: Implications for nutrition counseling. ] Am Diet
Assoc. 2003;103:231-234.

It appears that the food environment is not supporting Americans in consuming a healthy
eating pattern. The solution will likely reside not only in consumer education and behavior but also

in a change in our overall food system (Story, 2009).

Evidence on the Relationship Between the Food Environment and Body Weight and
Vegetable and Fruit Intake

Evidence is growing that the food environment is associated with dietary intake, body weight,
and the consumption of vegetables and fruits. Availability of healthy food, including vegetables and
fruits, is associated with improved dietary intake and weight status, especially in economically
disadvantaged areas. The presence of supermarkets and other sources of vegetables and fruits is
associated with lower body mass index (BMI), while lack of supermarkets and long distances to
supermarkets are associated with higher BMI. Increased density of fast food restaurants and
convenience stores is related to increased BMI. More evidence is available regarding the relationship

between the environment and vegetable and fruit intake than for body weight.

This conclusion is based on the review of 10 systematic reviews that investigated the
relationship between the environment and body weight, energy intake, and vegetable and fruit intake
(Black, 2008; Casagrande, 2009; Dunton, 2009; Ford, 2008; Giskes, 2007; Holsten, 2009; Jago, 2007,
Kamphuis, 2006; Papas, 2007; van der Horst, 2007). All 10 studies suggested associations between
the environment and body weight and/or dietatry intake, but indicated that more reseatch is still
needed to better understand these linkages. Three studies found that neighborhood-level measures
of economic disadvantage (unemployment, income, education) are associated with obesity and poor
dietary intake (Black, 2008; Ford, 2008; Kamphuis, 20006). Eight studies found that the availability of

healthy food, or lack thereof, through supermarkets and distance to a supermarket is associated with
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weight status and dietary intake (vegetable and fruit intake) (Casagrande, 2009; Ford, 2008; Giskes,
2007; Holsten, 2009; Jago, 2007; Kamphuis, 2006; Papas, 2007; van der Horst K, 2007). One study
found that lack of access to outdoor space for physical activity, hazards (trash and noise), and
number of locked school yards were positively associated with childhood obesity and access to
recreational facilities and bicycling and walking trails were negatively associated with childhood
obesity (Dunton, 2009). Two studies found that higher density of fast food restaurants and

convenience stores is associated with higher rates of obesity (Holsten, 2009; Papas, 2007).

Evidence on the Relationship Between Dietary Behaviors and Body Weight
Eating Out

Strong and consistent evidence indicates that children and adults who eat fast food are at
increased risk of weight gain, overweight, and obesity. The strongest documented relationship
between fast food and obesity is when one or more fast-food meals are consumed per week. There
is not enough evidence at this time to similarly evaluate eating out at other restaurants and risk of

weight gain, overweight, and obesity.

Evidence for Children. The literature review identified six studies: one systematic review
(Rosenheck, 2008) and five cohort studies (Bisset, 2007; Haines, 2007; Niemeier, 20006; Taveras,
2005; Thompson, 2004). The studies were conducted in the US and Canada. Studies ranged in
sample size from 101 (Thompson, 2004) to 14,355 (Taveras, 2005), and one study included only girls
(Thompson, 2004). All six studies looked specifically at fast food consumption. Five studies with
strong methodology found a positive relationship between consumption of fast food and body
weight in children (Rosenheck, 2008; Bisset, 2007; Niemeier, 2006; Taveras, 2005; Thompson,
2004). Two studies demonstrated the greatest gains in body weight were seen with fast food
consumption greater than once a week (Taveras, 2005; Thompson, 2004). One study found a
negative relationship between consumption of fast food and body weight in gitls, and no

relationship in boys (Haines, 2007).

Evidence for Adults. The literature review identified six studies: one systematic review
(Rosenheck, 2008) and five prospective cohort studies (Duffey, 2007; French, 2000; Li, 2009;
Niemeier, 2000; Pereira, 2005). All of the studies were conducted in the US. Studies ranged in
sample size from 891 (French, 2000) to 9,919 (Niemeier, 20006), and one study included only women
(French, 2000). All six studies looked specifically at fast food consumption, with one study also
examining restaurant food consumption (Duffey, 2007). All six studies found a significant, positive
relationship between consumption of fast food and body weight in adults. Similar to the research

on children, more than one fast food meal consumed per week was associated with increases in BMI
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(Pereira, 2005). Only one study examined consumption of restaurant food and found that restaurant

food consumption was not related to body weight (Duffey, 2007).

Portion Sizes

Strong evidence documents a positive relationship between portion size and body weight.

Evidence for Children. The 2010 DGAC conducted a search on this question but found no

studies pertaining to children.

Evidence for Adults. The 2005 DGAC reviewed the evidence related to the effect of portion
size (the amount of food served in one eating occasion) on energy intake, concluding that portion
size influences how much a person eats; and, in general, more calories are consumed when a large
portion is served rather than a small one (HHS/USDA, 2005). For this reason, we did not conduct
an NEL review on the evidence related to portion size and energy intake. However, a NEL literature
review on the effects of portion size on body weight was done, and four studies were identified:
three randomized controlled trials (RCTs) (Gilhooly, 2007; Hannum, 2006; Hannum, 2004) and one
case-control study (Pearcey, 2002). The studies were conducted in the US. Studies ranged in sample
size from 19 (Pearcey, 2002) to 53 (Hannum, 2004), and one study included only men (Hannum,
2000), two studies included only women (Gilhooley, 2007; Hannum, 2004), and one study included
both men and women (Pearcey, 2002). The three RCTs focused on controlling portion sizes to aid
in weight loss and all found a positive relationship between controlling portion size and weight loss
in adults. The small case-controlled study of Pearcey et al. (2002) followed weight stable and weight
gaining adults and found that consuming larger portion sizes was positively associated with weight

gain.

Screen Time
Strong and consistent evidence in both children and adults shows that screen time is directly
associated with increased overweight and obesity. The strongest association is with television screen

time.

Evidence for Children. The 2005 DGAC reviewed this question and found a strong
relationship between screen time and body weight in children (HHS/USDA, 2005). For this reason,
the 2010 DGAC conducted a NEL review to examine only systematic reviews and/or meta-
analyses. One 2004 meta-analysis (Marshall, 2004) was identified that examined the relationship
between screen time (television viewing and video game/computer use) and body weight. This study

found a significant relationship between screen time in the form of TV viewing and body
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fatness. However, much of the variance in body fatness could be explained by factors other than TV

viewing. There was no association between body weight and video game/computer use.

Evidence for Adults. The literature review identified eight prospective cohort studies (Erik
Landhuis, 2008; Hancox, 2004; Hu, 2003; Koh-Banerjee, 2003; Oken, 2007; Parsons, 2008; Raynor,
20006; Viner, 2005). All eight studies examined television viewing only and did not examine other
types of screen time. The studies were conducted in the US, New Zealand, and the United
Kingdom. Studies ranged in sample size from 902 (Oken, 2007) to 50,277 (Hu, 2003), and one study
included only men (Koh-Banerjee, 2003), two studies included only women (Hu, 2003; Oken, 2007).
All eight included studies found a positive relationship between television viewing and body weight

in adults.

Breakfast Eating Behavior
Modest evidence suggests that children who do not eat breakfast are at increased risk of
overweight and obesity. The evidence is stronger for adolescents. There is inconsistent evidence that

adults who skip breakfast are at increased risk for overweight and obesity.

Evidence for Children. The literature review identified 15 studies: one randomized controlled
trial (Rosado , 2008), one non-randomized controlled trial (Ask, 2006), and 13 prospective cohort
studies (Affenito, 2005; Albertson, 2007; Albertson, 2009; Barton, 2005; Berkey, 2003; Crossman,
20006; Elgar, 2005; Haines, 2007; Merten, 2009; Neumark-Sztainer, 2007; Niemeier, 2006; Timlin,
2008; Wengreen, 2009). The majority of studies defined breakfast as an eating occasion that
occurred between 5am and 10am on weekdays and 5am and 11am on weekends. The studies were
conducted in the US, Mexico, Norway, and the United Kingdom. Studies ranged in sample size from
54 (Ask, 2000) to 14,586 (Berkey, 2003), and three studies included only gitls (Affenito, 2005;
Albertson, 2007; Barton, 2005). Nine studies found an inverse relationship between breakfast
consumption and body weight in children (Ask, 2006; Albertson, 2007; Barton, 2005; Crossman,
2000; Elgar, 2005; Haines, 2007; Merten, 2009; Niemeier, 2006; Timlin, 2008). One study found an
inverse relationship only among children with 2 BMI >95" percentile (Albertson, 2007). Two studies
found an inverse relationship in boys only, and no relationship in girls (Albertson, 2009; Crossman,
2000), and one study found an inverse relationship in girls only, and no relationship in boys
(Neumark-Sztainer, 2007). Only one study found no relationship between breakfast consumption
and body weight in children (Albertson, 2009). One study found no relationship with breakfast
alone, but an inverse relationship with breakfast combined with a nutrition education program
(Rosado, 2008). Two studies initially found an inverse relationship, but after adjusting for potential

confounders, the relationship was no longer significant (Affenito, 2005; Timlin, 2008). One study
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found no relationship with breakfast, but found an inverse relationship between cereal consumption
and adiposity (Barton, 2005). One study found a positive relationship between breakfast
consumption and body weight in Freshman college students (Wengreen, 2009). One study found a
positive relationship between breakfast consumption and body weight in overweight children, and

an inverse relationship in normal-weight children (Berkey, 2003).

Evidence for Adults. The literature review identified six prospective cohort studies
(Crossman, 2006; Merten, 2009; Niemeier, 2006; Nooyens, 2005; Purslow, 2008; van der Heijden,
2007). The studies were conducted in the US, the United Kingdom, and the Netherlands. Studies
ranged in sample size from 228 (Nooyens, 2005) to 20,064 (van der Heijden, 2007), and three
studies included only men (Nooyens, 2005; Purslow, 2008; van der Heijden, 2007). Three studies
found an inverse relationship between breakfast consumption and body weight in adults (Merten,
2009; Niemeier, 2006; Purslow, 2008). One study initially found an inverse relationship, but after
adjusting for potential confounders the relationship was no longer significant (Nooyens, 2005). One
study found an inverse relationship between breakfast intake and body weight in men, and no
relationship in women (Crossman, 20006). We did not review the literature on the use of breakfast

consumption as a tool for adults actively losing weight.

Snacking Behavior

Evidence suggesting that snacking is associated with increased body weight is inconsistent.

Evidence for Children. The literature review identified six studies: five cohort studies (Bisset,
2007; Black, 2000; Field, 2004; Francis, 2003; Phillips, 2004) and one case-control study (Novaes,
2008). The studies were conducted in the US, Canada, and Brazil. Studies ranged in sample size from
100 (Novaes, 2008) to 14,977 (Field, 2004), and three studies included only girls (Black, 2000;
Francis, 2003; Phillips, 2004). Two studies found a positive relationship between snacking and body
weight in children (Bisset, 2007; Novaes, 2008). Two studies found no relationship between
snacking and body weight in children (Black, 2006; Phillips, 2004). One study initially found a
negative relationship between snacking and adiposity in girls, but after adjusting for potential
confounders the relationship was no longer significant (Field, 2004). One study only found that
snacking in front of the television was associated with development of overweight in children
(Francis, 2003). One of the reasons for the inconsistency of findings is likely due to the variability in

the design of studies and definitions for snacking.

Evidence for Adults. The literature review identified two prospective cohort studies
(Halkjaer, 2009; Woo, 2008). The studies were conducted in Sweden and Hong Kong. Studies
ranged in sample size from 1,010 (Woo, 2008) to 22,570 (Halkjaer, 2009). In the study of Halkjaer

et al. (2009) diets high in snack food were associated with increased waist circumference over the
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five year follow up period. Increased variety of snack food was associated with increased weight
gain over a five to nine year follow period in the study of Woo et al. (2008). The DGAC did not

review the literature on the use of snacking as a tool for adults actively losing weight.

Eating Frequency
Evidence is insufficient to determine whether frequency of eating has an effect on overweight

and obesity in children and adults.

Evidence for Children. The literature review identified one prospective cohort study (Franko,
2008). The study was conducted in the US and had a sample of 2,379 girls. This study found that
increased meal frequency, measured by number of days with more than three meals, was inversely

associated with BMI in adolescent gitls.

Evidence for Adults. The literature review identified one prospective cohort study (van der
Heijden, 2007). The study investigated the association between food patterns and long-term weight
gain in US men over 10 years. An increased number of eating occasions in addition to three
standard meals was associated with a higher risk of 5-kg weight gain over time. The Committee did

not review the literature on the use of eating frequency as a tool for adults actively losing weight.

Self-Monitoring Behavior

Strong evidence shows that for adults who need or desire to lose weight, or who are

maintaining body weight following weight loss, self-monitoring of food intake improves outcomes.

The literature review identified seven studies: six randomized controlled trials (Adachi, 2007;
Carels, 2008; Helsel, 2007; Lowe, 2008; Tate, 2001; Wylie-Rosett, 2001) and one non-randomized
controlled trial (Yon, 2007). In the majority of studies, diet self-monitoring included keeping a daily
record of food consumed, with a focus on monitoring calorie in