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Background—Poor lifestyle behaviors, including suboptimal diet, physical inactivity, and tobacco use, are leading causes
of preventable diseases globally. Although even modest population shifts in risk substantially alter health outcomes, the
optimal population-level approaches to improve lifestyle are not well established.

Methods and Results—For this American Heart Association scientific statement, the writing group systematically
reviewed and graded the current scientific evidence for effective population approaches to improve dietary habits,
increase physical activity, and reduce tobacco use. Strategies were considered in 6 broad domains: (1) Media and
educational campaigns; (2) labeling and consumer information; (3) taxation, subsidies, and other economic incentives;
(4) school and workplace approaches; (5) local environmental changes; and (6) direct restrictions and mandates. The
writing group also reviewed the potential contributions of healthcare systems and surveillance systems to behavior
change efforts. Several specific population interventions that achieved a Class I or Ila recommendation with grade A or B
evidence were identified, providing a set of specific evidence-based strategies that deserve close attention and prioritization
for wider implementation. Effective interventions included specific approaches in all 6 domains evaluated for improving diet,
increasing activity, and reducing tobacco use. The writing group also identified several specific interventions in each of these
domains for which current evidence was less robust, as well as other inconsistencies and evidence gaps, informing the need
for further rigorous and interdisciplinary approaches to evaluate population programs and policies.

Conclusions—This systematic review identified and graded the evidence for a range of population-based strategies to
promote lifestyle change. The findings provide a framework for policy makers, advocacy groups, researchers, clinicians,
communities, and other stakeholders to understand and implement the most effective approaches. New strategic
initiatives and partnerships are needed to translate this evidence into action. (Circulation. 2012;126:1514-1563.)
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ardiovascular diseases (CVD), type 2 diabetes mellitus,

and adiposity produce tremendous burdens of deaths,
lost quality of life, and economic disruption globally.!-> Most
of these conditions and their sequelae are preventable or
occur at unnecessarily young ages and are largely caused by
suboptimal lifestyle habits, in particular, poor diet, physical
inactivity, and use of tobacco.3-'3 The resulting burdens on
families, communities, and nations are enormous and unsus-
tainable, and the health and economic imperatives of improv-
ing lifestyle behaviors are fully evident.?

Consequently, the recent United Nations high-level meet-
ing on noncommunicable diseases,'* the American Heart
Association (AHA) 2020 strategic goals,? and the multisector
US Million Hearts Initiative!> each highlighted the critical
need to improve lifestyle habits to prevent CVD and maxi-
mize cardiovascular health. Unfortunately, the optimal ap-
proaches to improve lifestyle are not established. Although
the most relevant specific lifestyle targets are increasingly
evident,>*8-12 the most effective strategies to achieve these
changes have been less clear. An AHA scientific statement
identified several effective individual-level (eg, clinical) in-
terventions for achieving behavior change.!® However, al-
though individual-based approaches can be effective for some
patients, they do not work for all,’® and the long-term
sustainability of such efforts also remains in question.

Population-based strategies are crucial complements to
individual-based efforts and also have potential for broad and
sustained impact.'7-' The writing group that prepared this
AHA scientific statement systematically reviewed and graded
the current scientific evidence for effective population ap-
proaches to improve dietary habits, increase physical activity,
and reduce tobacco use. Population strategies were consid-
ered in 6 broad domains: (1) Media and educational cam-
paigns; (2) labeling and consumer information; (3) taxation,
subsidies, and other economic incentives; (4) school and
workplace approaches; (5) local environmental changes; and
(6) direct restrictions and mandates. The writing group also
reviewed how healthcare systems and surveillance systems
can contribute to and monitor behavior change efforts. The
information presented in this statement is intended to provide
a useful framework for policy makers, advocacy groups,
researchers, clinicians, communities, and other stakeholders
to understand and implement the most effective public health
approaches for lifestyle change to improve cardiometabolic
health.

The writing group identified several specific interventions that
were designated an AHA Class I or Ila recommendation with
Level of Evidence A or B, providing a set of specific evidence-
based strategies that deserve close attention and prioritization for
wider implementation (Table 1). Although much of this evi-
dence was derived from studies in high-income regions of the
Western world, for several interventions, concordant evidence
was also available from other regions, including high-income
non-Western and middle- or low-income regions. Although
absolute rates of disease vary across populations, the relative
impact of major cardiometabolic risk factors is shared across
nations.?° Likewise, the relative evidence for efficacy of these
different population strategies should help inform policy priori-
ties in different countries. Notably, effective interventions were

Population Approaches to Diet, Activity, and Smoking 1515

identified across a range of approaches, including media and
education, labeling and consumer information, economic incen-
tives, school and workplace approaches, local environmental
changes, and direct restrictions and mandates. This provides
some flexibility for policy makers, advocacy groups, and orga-
nizations to select from among specific interventions based on
what corresponds best with local priorities and circumstances.
These various evidence-based interventions could also be im-
plemented in combinations, either simultaneously or in stages,
providing multicomponent approaches to improving diet, in-
creasing physical activity, and reducing tobacco use.

In addition to the approaches outlined in Table 1, the
writing group also identified many specific interventions and
strategies in these domains for which the current evidence
was not as robust. These other interventions and evidence for
their effectiveness are summarized in the sections below.
Because the numbers of policy champions and funding
resources for preventive efforts are often limited, prioritiza-
tion of different interventions requires knowledge of which
strategies have evidence for effectiveness and which strate-
gies require further investigation.

The writing group recognizes that it could not review every
possible type of population intervention and that its search
strategies may have missed some relevant studies. Nonethe-
less, this AHA scientific statement represents a systematic
assessment of several key population approaches for improv-
ing lifestyle behaviors, with evaluation of the strength and
consistency of evidence; detailed listings of the primary
evidence in supplementary material; and consideration of
complementary evidence across diet, physical activity, and
tobacco use behaviors. Given the number and types of studies
identified, it seems unlikely that the addition of any missed
studies would dramatically alter most of the conclusions. For
the types of interventions reviewed, the writing group also
identified inconsistencies and gaps in the evidence, as sum-
marized below. The findings highlight the need for and
inform the design of future interdisciplinary efforts, including
input from academic experts in evaluation of interventions, to
establish more systematic and rigorous approaches for the
evaluation of such programs and policies.

Poor lifestyle behaviors, including suboptimal diet, physi-
cal inactivity, and tobacco use, are the leading causes of
preventable diseases in nearly all nations. The resultant rates
of morbidity and mortality, adverse impact on disparities, and
economic costs are staggering. At the population level, even
modest shifts in risk behaviors and risk factors substantially
alter health outcomes and disease risk. This report identifies
a range of evidence-based, population-based strategies that
effectively promote lifestyle change. The findings inform
potential partnerships and strategies to successfully address
suboptimal diet, inactivity, and smoking, which are each a
major preventable cause of poor health globally. The infor-
mation presented herein can help provide a blueprint for
public health officials, researchers, communities, advocacy
groups, private donors, and other stakeholders to engage in
and form alliances around evidence-based population preven-
tion efforts. New strategic initiatives and partnerships are
needed to translate this evidence into action.
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Table 1. Summary of Evidence-Based Population Approaches for Improving Diet, Increasing Physical Activity, and Reducing

Tobacco Use*

Diet
Media and education

Labeling and information

Economic incentives

Schools

Workplaces

Local environment
Restrictions and mandates

Physical activity
Labeling and information
Economic incentives
Schools

Workplaces

Sustained, focused media and educational campaigns, using multiple modes, for increasing consumption of
specific healthful foods or reducing consumption of specific less healthful foods or beverages, either alone (lla B)
or as part of multicomponent strategies (I B)t1§

On-site supermarket and grocery store educational programs to support the purchase of healthier foods (lla B)t

Mandated nutrition facts panels or front-of-pack labels/icons as a means to influence industry behavior and
product formulations (lla B)t

Subsidy strategies to lower prices of more healthful foods and beverages (I A)t
Tax strategies to increase prices of less healthful foods and beverages (lla B)f

Changes in both agricultural subsidies and other related policies to create an infrastructure that facilitates
production, transportation, and marketing of healthier foods, sustained over several decades (lla B)t

Multicomponent interventions focused on improving both diet and physical activity, including specialized
educational curricula, trained teachers, supportive school policies, a formal PE program, healthy food and
beverage options, and a parental/family component (I At

School garden programs, including nutrition and gardening education and hands-on gardening experiences (lla A)t

Fresh fruit and vegetable programs that provide free fruits and vegetables to students during the school day
(la At

Comprehensive worksite wellness programs with nutrition, physical activity, and tobacco cessation/prevention
components (lla At

Increased availability of healthier food/beverage options and/or strong nutrition standards for foods and beverages
served, in combination with vending machine prompts, labels, or icons to make healthier choices (lla B)t

Increased availability of supermarkets near homes (lla B||)t%
Restrictions on television advertisements for less healthful foods or beverages advertised to children (I B)t

Restrictions on advertising and marketing of less healthful foods or beverages near schools and public places
frequented by youths (lla B)t

General nutrition standards for foods and beverages marketed and advertised to children in any fashion, including
on-package promotion (lla B)t

Regulatory policies to reduce specific nutrients in foods (eg, frans fats, salt, certain fats) (I B)t§

Point-of-decision prompts to encourage use of stairs (lla A)t
Increased gasoline taxes to increase active transport/commuting (lla B)t

Multicomponent interventions focused on improving both diet and physical activity, including specialized
educational curricula, trained teachers, supportive school policies, a formal PE program, serving of healthy food
and beverage options, and a parental/family component (lla A)t

Increased availability and types of school playground spaces and equipment (I B)t

Increased number of PE classes, revised PE curricula to increase time in at least moderate activity, and trained
PE teachers at schools (lla A/lib AY)t

Regular classroom physical activity breaks during academic lessons (lla A)t§

Comprehensive worksite wellness programs with nutrition, physical activity, and tobacco cessation/prevention
components (lla At

Structured worksite programs that encourage activity and also provide a set time for physical activity during work
hours (lla B)t

Improving stairway access and appeal, potentially in combination with “skip-stop” elevators that skip some floors
(lla B)t
Adding new or updating worksite fitness centers (lla B)t

(Continuea)
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Table 1. Continued
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Local environment

Improved accessibility of recreation and exercise spaces and facilities (eg, building of parks and playgrounds,

increasing operating hours, use of school facilities during nonschool hours) (lla B)t
Improved land-use design (eg, integration and interrelationships of residential, school, work, retail, and public

spaces) (lla B)T

Improved sidewalk and street design to increase active commuting (walking or bicycling) to school by

children (lla B)¥
Improved traffic safety (lla B)t

Improved neighborhood aesthetics (to increase activity in adults) (lla B)T

Improved walkability, a composite indicator that incorporates aspects of land-use mix, street connectivity,
pedestrian infrastructure, aesthetics, traffic safety, and/or crime safety (lla B)t

Smoking
Media and education

Sustained, focused media and educational campaigns to reduce smoking, either alone (lla B) or as part of larger

multicomponent population-level strategies (I A)t

Labeling and information
Economic incentives

Schools and workplaces
components (lla AT

Local environment

Cigarette package warnings, especially those that are graphic and health related (I B)13§
Higher taxes on tobacco products to reduce use and fund tobacco control programs (I A)t1§
Comprehensive worksite wellness programs with nutrition, physical activity, and tobacco cessation/prevention

Reduced density of retail tobacco outlets around homes and schools (I B)t

Development of community telephone lines for cessation counseling and support services (I A)t

Restrictions and mandates

Community (city, state, or federal) restrictions on smoking in public places (I At

Local workplace-specific restrictions on smoking (I A)t1§

Stronger enforcement of local school-specific restrictions on smoking (lla B)t
Local residence-specific restrictions on smoking (lla B)1§
Partial or complete restrictions on advertising and promotion of tobacco products (I B)t

PE indicates physical education.

*The specific population interventions listed here are either a Class | or lla recommendation with an evidence grade of either A or B. The American Heart Association
evidence grading system for class of recommendation and level of evidence is summarized in Table 2. Because implementation of population-level strategies does
not require perfect evidence but rather consideration of risks versus benefits, associated costs, and alternate approaches, the absence of any specific strategy herein
does not mean it should not also be considered for implementation. See the more detailed tables and text below for further information on the evidence for each

of these interventions, as well as other strategies that were reviewed.

TAt least some evidence from studies conducted in high-income Western regions and countries (eg, North America, Europe, Australia, New Zealand).
FAt least some evidence from studies conducted in high-income non-Western regions and countries (eg, Japan, Hong Kong, South Korea, Singapore).
§At least some evidence from studies conducted in low- or middle-income regions and countries (eg, Africa, China, Pakistan, India).

|Based on cross-sectional studies only; only 2 longitudinal studies have been performed, with no significant relations seen.

{|Evidence lla A for improving physical activity; evidence IIb B for reducing adiposity.

A Need for Evaluation of
Population Interventions
Lifestyle behaviors are influenced by a myriad of individual,
social, economic, regulatory, mass media, and other environ-
mental factors. Population-based interventions can influence
many of these factors, with potential for broad and sustained
impact.!'7-1° The present AHA scientific statement broadly refers
to population approaches as any strategy that targets organiza-
tions (eg, schools, worksites), communities, regions, or countries
rather than individuals. For example, such approaches were
critical for reducing tobacco use in several developed nations
since the 1950s.2122 On the basis of this empiric success, a
growing number of recent research studies have investigated
how population strategies can support behavior change to
improve lifestyle habits. Several studies have evaluated both
established and novel population approaches for reducing smok-
ing, and an increasing number of studies are reporting on novel
population approaches for improving diet and physical activity
behaviors. Recent literature reviews or policy statements have
considered subsets of these various strategies.!*-2!-3¢ However,

most did not evaluate diet, physical activity, and smoking
together in the same report, which could provide complementary
evidence on the effectiveness of various population approaches,
and many did not systematically review the published literature
nor formally grade the strength of evidence.

A range of population, community, and school/workplace
intervention strategies are being implemented in the
United States and elsewhere but often with limited evalu-
ation. Because of limited funding and other resources for
preventive efforts, knowledge and grading of the most
evidence-based promising strategies are essential to inform
priorities. Academic research centers, especially those
with clinical and translational research awards, are also
being asked to focus more on translational projects that
implement knowledge. Given the wide range of potential
population strategies and the rapidly growing evidence
base evaluating them, it is essential to systematically
review these data to identify (1) which policies work and
should be implemented, (2) which policies are promising
and deserve further intensive investigation, and (3) what
critical research gaps remain.
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Methods

Search Strategies and Data Extraction

The writing group searched for evidence of the effectiveness of
different population approaches in changing dietary, physical
activity, or tobacco use habits and related health outcomes. The
present report does not review which specific behavioral goals
should or should not be targeted; these issues have been
discussed extensively elsewhere.?#8-12 The report also does not
attempt to describe all of the various policy interventions that
might be sensible to consider or that have been or are being
implemented. Rather, the report attempts to identify and assess
the evidence for the effectiveness of such interventions. Popu-
lation strategies were considered in 6 broad domains: (1) Media
and educational campaigns; (2) labeling and consumer informa-
tion; (3) taxation, subsidies, and other economic incentives; (4)
school and workplace approaches; (5) local environmental
changes; and (6) direct restrictions and mandates. Observational
or interventional studies were included that evaluated how these
strategies relate to or alter knowledge or attitudes toward diet,
physical activity, or smoking; changes in these behaviors;
changes in related risk factors (eg, blood cholesterol and glucose,
blood pressure, obesity levels); or disease end points (eg,
coronary heart disease [CHD], stroke, diabetes mellitus).

The writing group considered studies evaluating popula-
tion strategies at organizational (eg, school, workplace),
community, regional/state, or national levels. Notably, the
report excludes studies focused on individual-based associa-
tions or interventions (eg, controlled trials in which the unit of
intervention was a person rather than a classroom, worksite,
community, or region). The evidence for individual-based
approaches for diet and physical activity change was re-
viewed recently.'® The writing group also did not evaluate the
feasibility of implementation or cost-effectiveness, which
was beyond the scope of the present report; the findings in
this report can inform such future investigation.

For each category of population intervention, the writing
group first performed broad searches of online databases, includ-
ing PubMed/MEDLINE, EconLit, AGRICOLA (AGRICultural
OnLine Access), ERIC (Education Resources Information Cen-
ter), RePORT (National Institutes of Health Research Portfolio
Online Reporting Tools), and the Social Science Citation Index.
These searches were followed by additional online searches,
hand searches of citations, and use of expert contacts to identify
systematic or narrative reviews in the scientific literature, as well
as policy statements and guidance from the Institute of Medicine
(IOM), World Health Organization (WHO), Centers for Disease
Control and Prevention (CDC), US Department of Health and
Human Services, and other similar international, national, and
local agencies. The evidence from these identified reviews and
reports was evaluated as primary data if the reports included
sufficient descriptions of the methods for literature searches and
the methods and findings of included individual studies to permit
inference on the quality and strength of evidence. If the reports
did not meet these criteria, the original research studies cited in
these reports were obtained and evaluated individually. Finally,
to obtain any recent relevant research not identified by these
methods, the writing group performed systematic searches of
PubMed for all relevant English-language original research

articles published since January 1, 2007, using specified key
words and MeSH terms for each category of population inter-
vention, together with searches of related articles and hand
searches of citations. Full descriptions of these search criteria are
available in the online-only Data Supplement.

For each category of population intervention, searches were
performed and data extracted by teams of 2 to 3 investigators,
with studies and data jointly reviewed in regular conference
calls, emails, and a shared online Web site provided by the
AHA. For each identified report, data were extracted on study
design, population, type and duration of approach or interven-
tion, duration of follow-up, outcomes, covariates, findings, and
factors related to quality of design or execution. Details of the
majority of final included studies are provided in the extensive
Supplementary Tables accompanying this report.

The writing group also reviewed the evidence for health-
care systems’ strategies for behavior change, although a
complete systematic review was beyond the scope of the
present report. The writing group also reviewed surveillance
and monitoring systems for diet, physical activity, and to-
bacco behaviors because of the importance of such systems
for informing goals and designs of policy programs, under-
standing and choosing appropriate metrics, monitoring the
effects of implemented policies, and elucidating current gaps
or barriers in knowledge and methods.

Grading the Evidence for Population

Lifestyle Strategies

Population-based strategies are typically implemented as a
policy, whether volunteer or mandated and whether at organi-
zational (school, worksite), community, city, or broader levels.
Traditional policy evaluation often incorporates the CDC Eval-
uation Framework,>” which considers the theory behind policy
strategies®® and process evaluation. This framework principally
evaluates the process of creating policy change (eg, assessment
of stakeholder engagement, campaigns for public awareness to
gain momentum for policy change, recruitment of legislative
champions, barriers to success and how these are overcome,
media placement, whether the policy actually passes) rather than
the effects or impact of the policy on its intended target, such as
health-related outcomes. Health impact assessments are increas-
ingly being used as planning tools to foster consideration of
health needs in policy and program decisions, including sectors
not traditionally focused on health.3940

Evaluation of the effects of population-level strategies on
health requires investigation in observational or interventional
research. Such evaluation is critical to understand the extent to
which specific interventions alter health; determine potential for
sustainability; provide accountability to funding partners and
stakeholders; improve and enhance future planning efforts; and
assess whether there are any unintended consequences.

For the present report, potential metrics of interest included
health-related knowledge, behaviors, risk factors, and clinical
end points. Changes in knowledge alone were not considered
sufficient to merit evidence of efficacy. Although the long-
term goals of many policy interventions often include de-
creasing clinical cardiovascular end points and other lifestyle-
related diseases, such effects may require years to become
fully evident. Such a timeframe may be impractical or too
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Table 2. Classification of Recommendations and Level of Evidence for Population-Level Interventions

The recommendation for any particular
intervention is classified as follows*

Class | There is evidence for and/or general agreement that the intervention is beneficial, useful, and effective.
The intervention should be performed.
Class Il There is conflicting evidence and/or a divergence of opinion about the usefulness/efficacy of the
intervention.
Class lla Weight of evidence/opinion is in favor of usefulness/efficacy. It is reasonable to perform the intervention.
Class llb Usefulness/efficacy is less well established by evidence/opinion. The intervention may be considered.
Class Il There is evidence and/or general agreement that the intervention is not useful/effective and in some cases

may be harmful.

In addition, the weight of evidence in
support of the recommendation is
classified as follows:

Level of Evidence A

Data derived from multiple randomized clinical trials or, given the nature of population interventions, from

well-designed quasi-experimental studies combined with supportive evidence from several other types of

studies.t
Level of Evidence B
Level of Evidence C

Data derived from a single randomized trial or nonrandomized studies.
Only consensus opinion of experts, case studies, or standard of care.

*Strength and consistency of the evidence were key considerations for setting the recommendation class, including across different types of study designs,
permutations of the intervention strategy and related strategies, implementation settings, and outcomes, including behavioral, risk factor, and clinical end

points.

tBecause of practical and ethical challenges, evaluation of many population approaches does not lend itself well to typical, medical-model randomized controlled
trials. Well-designed quasi-experimental studies, such as time-trend data comparing behaviors and outcomes before versus after an intervention, especially when
combined with careful consideration of additional time-varying confounding variables and/or additional data on behaviors and outcomes in similar localities without
an intervention, were considered a particularly important means to evaluate the effectiveness of population interventions. Consistent findings from several
well-designed quasi-experimental evaluations across populations and outcomes, when combined with supportive evidence from other types of studies including at
least some randomized controlled trials demonstrating short-term efficacy of similar strategies, were considered sufficient to merit level of evidence A for population

interventions.

costly for some types of evaluations. Given the considerable
evidence on the impact of dietary, physical activity, and
tobacco habits on risk of cardiometabolic diseases, changes in
the behaviors themselves were considered relevant outcomes
for assessing the effectiveness of population-level policies.
Changes in intermediate risk factors affected by the behaviors
(eg, levels of blood pressure, blood cholesterol, and adipos-
ity) are also linked to disease risk and provided additional
relevant outcomes for assessing effectiveness. Thus, the
writing group evaluated the evidence for the effects of
population interventions on each of these relevant end points,
including changes in health-related behaviors, risk factors,
and disease end points.

For each type of population intervention, the overall
evidence was reviewed and summarized, and these data were
reviewed by all members of the writing group and graded
using the AHA classification (Table 2). The writing group
recognizes that evaluation of many population approaches
does not lend itself well to typical medical-model controlled
trials, in which individuals are randomly assigned to double-
blinded, isolated interventions such as drug treatment. By
nature, population interventions target groups or communi-
ties, not individuals. Additionally, ethical and logistical
considerations often preclude the ability to perform random-
ized trials at the level of discrete populations. Thus, evidence
from multiple research paradigms was considered relevant,
including results from ecological studies, observational stud-
ies, natural experiments, and various interventions, including
uncontrolled, quasi-experimental, and cluster-randomized tri-

als. Well-designed quasi-experimental studies were consid-
ered a particularly important means of evaluating the effec-
tiveness of population interventions.

Where appropriate, the writing group considered whether
population interventions could be evaluated alone or only as
part of a multicomponent strategy; the evidence for sustain-
ability of behavior changes; and qualitative evidence for
heterogeneity, that is, whether certain strategies were more
or less effective depending on other factors such as level of
intervention (eg, local, state, federal) or population of interest
(eg, children, adults, the elderly, certain ethnic or socioeco-
nomic subgroups). Sufficient data were not often found to
support an inference on the potential heterogeneity of effi-
cacy; where relevant, this evidence is presented.

Results

The writing group identified a vast body of literature provid-
ing evidence on the potential effectiveness of various popu-
lation interventions. The writing group found the design,
methodology, and findings of each individual study to be
highly relevant for considering and grading the evidence as a
whole for any specific type of strategy. Thus, although
presentation of narrative summaries of each individual inves-
tigation in the text was prohibitive, detailed summaries of
many of the studies included in our assessment were com-
piled. These summaries are provided in extensive supplemen-
tary tables (Supplementary Tables, available in the online-
only Data Supplement),which are cited throughout the text.
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Media and Educational Campaigns

The writing group considered the evidence for the effective-
ness of media or educational campaigns at national, commu-
nity, and school levels. A variety of media have been used,
including television, radio, print, or billboard advertising;
in-store media education; and leaflets mailed or delivered
door-to-door. Interventions that simply provided information
on or near products, such as food labels, menu labeling, stair
signage, or warning labels on tobacco products, were consid-
ered separately (“Labeling and Consumer Information”).

National, Community, and School-Based Media or
Educational Campaigns to Improve Diet
Several focused media campaigns have been conducted to

increase knowledge about and consumption of specific
healthful foods (Supplementary Table 1). These include the
US 5-A-Day For Better Health! campaign to increase con-
sumption of fruits and vegetables, initiated by the National
Cancer Institute with collaboration from industry and the
federal government. Cooperative agreements were estab-
lished with a nonprofit organization representing farms,
commodity groups, and distributors, including in-store and
promotional activities such as a licensed 5-A-Day logo.
Reports on this campaign, although not always peer re-
viewed,*!*2 suggest some success. For instance, the national
5-A-Day campaign, launched in 1991, was associated with
increased consumption of fruits and vegetables from ~2.8 to
4.3 servings per day between 1988 and 1999.4' In March
2007, the new Fruits & Veggies—More Matters campaign
focused on women born between 1965 and 1979 with
children living at home. In a 2010 survey, 18% of these
mothers were “definitely” aware of the campaign, and 38%
reported being more likely to purchase a product having the
campaign logo; data were not reported on actual changes in
consumption.*> Similar focused media campaigns in Austra-
lia were associated with increased public awareness and
consumption of fruits (from 1.5 to 1.7 servings per day,
P<0.05) and vegetables (from 2.6 to 3.1 servings per day,
P<0.001).#* In Pakistan, such campaigns led to improve-
ments in dietary habits, such as reduced consumption of meat
and increased consumption of fruits and vegetables.**
Long-term community- and school-based media and edu-
cational campaigns have also been effective in improving
dietary habits of adults, school-aged children, and younger
children,*-48 as well as reducing adiposity and cardiovascu-
lar risk factors in adults.*® Many of these educational cam-
paigns used multiple strategies for communication. There-
fore, the independent effects of specific educational strategies
(eg, national media advertisements) versus other concordant
(eg, supermarket-based) activities, are difficult to quantify.
On the basis of the Consumer Information Processing model,
the supermarket represents a useful venue to provide point-
of-purchase nutrition information to promote healthy eat-
ing.5® In 1 intervention,® use of in-store public service
announcements about the 5-A-Day campaign for 4 weeks, in
combination with a take-home audiotape, increased knowl-
edge about the healthfulness of fruits and vegetables, as well
as self-reported consumption in the intervention group (6.2
servings per day) compared with both baseline (5.4 servings

per day) and with shoppers in control stores (5.6 servings per
day; P<<0.05 for each).

Shorter-term (weeks to months) media campaigns, such as
Fighting Fat, Fighting Fit in the United Kingdom and similar
programs in the United States and Australia, have generally
increased knowledge of healthy lifestyle messages, although
sometimes less so in lower socioeconomic or minority sub-
groups and typically with less clear evidence for actual
behavior change,>>-* although there were some exceptions in
which behavior change was also demonstrated.>> Combining
shorter-term media campaigns with other means of more
direct communication or participation may increase effective-
ness. In the Fighting Fat, Fighting Fit campaign, people who
chose to register in a 6-month mail-based educational pro-
gram increased their consumption of fruits and vegetables by
1.3 servings per day, reduced their intake of fat and snacks,
increased their physical activity, and lost an average of 2.3
kg, lowering the prevalence of obesity by 11% (P<<0.001 for
each compared with baseline).>¢ In the 5-A-Day campaign,
sending newsletters with strategies for improving consump-
tion of fruits and vegetables and goal-setting information
increased the frequency and variety of fruit and vegetable
consumption.>’

In an urban district of China’s third largest city, Tianjin, an
educational intervention to reduce the population’s consump-
tion of sodium was implemented between 1989 and 1992.58
The main activities in the intervention neighborhoods in-
cluded training of healthcare personnel about sources and
effects of salt sources on blood pressure and on how to
provide practical advice to patients, community education by
means of door-to-door distribution of leaflets, distribution of
posters and stickers to food retailers, and introduction of
lower-sodium salt in some retail stores. In the intervention
neighborhoods, mean sodium intake decreased by 22 and
11 mmol/d in men and women, respectively, compared with
increases of 18 and 4 mmol/d, respectively, in the control
neighborhoods (P<<0.001 for men, P=0.065 for women).
These changes did not vary by education or occupation.
Compared with control neighborhoods, systolic blood pres-
sure decreased in the intervention neighborhoods by
5 mmHg in men (P=0.065) and 6 mm Hg in women
(P=0.008). In North Karelia, Finland, a media- and
education-based community intervention successfully re-
duced consumption of butter, whole-fat dairy, nonlean meats,
and salt and increased consumption of vegetable-oil marga-
rine and vegetable oils, low-fat dairy, lean meats, vegetables,
berries, and fruit.>*%° Targeted dietary habits improved sub-
stantially, with associated declines in population blood cho-
lesterol and blood pressure levels and rates of CHD.>%-60

Three community-based health educational programs were
evaluated in the 1980s in the United States, with a major
focus on media and education to improve multiple cardiovas-
cular risk factors simultaneously. The Stanford Five-City
Project tested a 5-year community-based program that incor-
porated behavior change theory (social learning theory, a
communication-behavior change model), community organi-
zation principles, and social marketing methods. After 3 to 5
years of intervention, compared with controls, the interven-
tion communities saw improvements in several cardiovascu-
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lar risk factors, including lower blood cholesterol, blood
pressure, resting heart rate, weight gain, and smoking prev-
alence.*® In contrast, similar media and education strategies in
the Minnesota Heart Health Program and the Pawtucket Heart
Health Program did not lead to significant improvements in
cardiovascular risk factors or events compared with control
communities.®’-3 In the latter 2 studies, secular improve-
ments in risk factors were also seen in the control communi-
ties, perhaps in response to similar national campaigns
targeting these risk factors; these trends may have limited
detection of any added effects of the community-level
interventions.

These US community programs did not have a strong
emphasis on complementary population strategies, such as
those related to taxation, subsidies, direct restrictions, or
mandates. In comparison, community and national programs
in Finland, Singapore, and Mauritius used media and educa-
tional campaigns as central elements of larger multicompo-
nent interventions that leveraged other strategies, such as
alterations in physical environments and changes in taxation
and subsidies, to support a healthful lifestyle.50-¢465 For
example, after 1977, when the North Karelia project was
extended nationally, the original media- and education-
focused approach was supplemented with substantial focus
on changing the food environment by means of voluntary
agreements with industry, changes in food subsidies and
taxation, and government-supported programs to increase
local production and consumption of fruits and vegetables
(“Taxation, Subsidies, and Other Economic Incentives”; “Di-
rect Restrictions and Mandates”).°® Targeted dietary habits
improved substantially, with associated substantial declines
in population blood cholesterol levels, blood pressure levels,
and rates of CHD.>%-60

In the nation of Mauritius, a national prevention program
was launched to reduce major risk factors by promoting
healthier diets, increased exercise, smoking cessation, and
reduced alcohol intake.®> Media and education efforts were
major components, including extensive use of mass media
and widespread community, school, and workplace education
activities. Legislative restrictions and mandates were also
introduced to improve cooking oils. From 1987 to 1992,
moderate leisure-time physical activity increased from 16.9%
to 22.1% in men and from 1.3% to 2.7% in women. Cigarette
smoking decreased from 58.2% to 47.2% in men and from
6.9% to 3.7% in women. Heavy alcohol use also declined
substantially, from 38.2% to 14.4% and 2.6% to 0.6%,
respectively. The effects of legislative measures on cooking
oils are discussed in Direct Restrictions and Mandates. In this
5-year period, the prevalence of hypertension was reduced
from 15.0% to 12.1% in men and from 12.4% to 10.9% in
women. Mean population serum total cholesterol fell by 15%,
from 5.5 to 4.7 mmol/L (P<<0.001).

Singapore instituted a sustained multicomponent interven-
tion in 1992 that combined extensive media/education ap-
proaches with school, workplace, and environmental strate-
gies and collaboration with food industry to produce healthier
food choices.®* An evaluation of national trends between
1998 and 2004 demonstrated significant declines in the
prevalence of smoking, hypertension, hypercholesterolemia,
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and type 2 diabetes mellitus and significant increases in
regular exercise. No relevant comparison or control groups
were available. However, another community-based, multi-
component intervention that included education of multiple
stakeholders as well as changes in school and community
environments demonstrated reductions in age-adjusted body
mass index (BMI) of children in the intervention community
compared with control communities.%®

In sum, the evidence from ecological studies, quasi-
experimental studies, and cluster-randomized trials indicates
that focused national, community, and school-based media
and educational campaigns are effective in increasing knowl-
edge and consumption of specific healthful foods, with some
evidence from several studies for associated reductions in
adiposity and other cardiovascular risk factors (Table 3).
Some of these studies had follow-up of many years to
decades, which suggests that behavioral changes are sustain-
able when the media and educational campaigns are contin-
ued. Such campaigns appear to be most effective when they
are focused on specific foods, implemented for many years,
use multiple modes for communication and education, and, if
shorter-term, incorporate other means of more direct commu-
nication to or involvement by the public. Broad community-
based media and educational programs that target multiple
cardiovascular risk factors and behaviors simultaneously
have been less successful, which suggests the importance of
focused messages for the target audience. This is a major
premise of social marketing, which uses a consumer orienta-
tion to behavior change: Incorporation of research from the
target population, testing of different strategies and channels
of delivery, and integration of marketing principles (eg,
product, place, promotion) into the intervention.®” Media and
education have also been prominently featured as one part of
successful multicomponent approaches at both national and
community levels; their relative contribution to the overall
success is difficult to separate in such multicomponent
interventions.

National, Community, and School-Based Media or
Educational Campaigns to Increase Physical Activity
Several media and educational campaigns have been used to
promote physical activity. Examples in the United States
include VERB, a national social marketing campaign coor-
dinated by the CDC to increase and maintain physical activity
among 9- to 13-year-olds®®; the Play 60 Challenge, a partner-
ship between the AHA and the National Football League to
encourage children to perform 60 minutes of daily physical
activity; and the American Association of Retired Persons’
(AARP’s) Active for Life: Increasing Physical Activity Lev-
els in Adults 50 and Older campaign, a social marketing
campaign to increase moderate physical activity among older
adults.®® Statewide and community-level campaigns have
also been developed, typically mass media strategies involv-
ing multiple mediums such as television, radio, newspaper,
billboard, or transit ads.3370-7! In quasi-experimental (pre/
post) evaluations, such campaigns generally improved self-
reported measures such as awareness of the campaign,
changes in attitudes toward activity, and, in a few studies,
self-reported general activity levels.”>73 For example, in an
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Table 3. Media and Educational Campaigns*

Class/Evidence Grade

Diet Sustained, focused media and educational campaigns, using multiple modes (eg, print, radio, Internet, 1B
television, social networking, other promotional materials), focused on increasing consumption of

specific healthful foods

Sustained, focused media and educational campaigns, using multiple modes, for reducing lla B

consumption of specific less healthful foods/beverages

Sustained, focused media and educational campaigns as part of multicomponent community or 1B
national strategies to increase consumption of specific healthful foods/beverages or reduce

consumption of less healthful foods/beverages

Shorter-term community-based media and educational programs that target multiple cardiovascular IIb B

risk factors and behaviors simultaneously

On-site supermarket and grocery store educationalal programs to support purchase of healthier foods lla B
Physical activity Sustained, focused media and educational campaigns, using multiple modes, to promote physical IIb B

activity

Shorter-term community-based media and educational programs that target multiple cardiovascular IIb B

risk factors and behaviors simultaneously

Smoking Sustained, focused media and educational campaigns as part of larger multicomponent 1A

population-level strategiest

Sustained, focused media and educational campaigns alonet lla B

*Several of these strategies overlap with other population approaches and could be categorized in multiple areas (other Tables). For example, school- and
workplace-based educational strategies are reviewed in School and Workplace Approaches. Given the scope of topics covered in this report, the writing group could
not review evidence for every type of intervention, eg, evidence for media and educational campaigns to reduce sedentary activities.

TFactors that increase effectiveness include greater duration and dose of exposure to the media campaign and use of strong negative messages about health.

evaluation of the national VERB campaign, 6 communities
received more intensive advertising and marketing because of
increased funding and donated media time.”* Compared with
a control community receiving the usual national campaign,
children in the intervention communities reported higher
levels of awareness and understanding of VERB and greater
free-time physical activity at 2 years. The effectiveness of
such programs for more rigorously or objectively measured
physical activity or related risk factors has generally not been
assessed. A review of such media campaigns by the US Task
Force on Community Preventive Services concluded that
there was “insufficient evidence to determine the effective-
ness of mass media campaigns, when used alone, to increase
physical activity or improve fitness because of a small
number of studies with inconsistent findings and methodolog-
ical limitations.””>

As described above, several intensive community-level
media and educational interventions have also attempted to
alter physical activity as part of a more comprehensive set of
health factors and behaviors.*>-¢1.62 These interventions pro-
duced mixed results, with benefits on risk factors seen in 1
study#® but without clear benefits in the other 2 studies
compared with secular trends.¢!-°2 Multicomponent
community-level interventions that combine media and edu-
cation with other approaches, such as environmental changes,
to encourage healthier diets and more physical activity have
led to reductions in adiposity in children,® but the effective-
ness of the media/education component on physical activity
as such is less clear.

In sum, the findings from these studies indicate that
focused media and education strategies improve awareness
and attitudes about physical activity and, in at least some
quasi-experimental studies, self-reported physical activity

(Table 3). Media and educational campaigns may be less
effective when multiple health behaviors are targeted simul-
taneously. Conversely, the combination of a focused media
and education strategy with other approaches, such as envi-
ronmental changes, may hold the most promise; further
investigation of these combinations in multiple target popu-
lations is needed.

National, Community, and School-Based Media or
Educational Campaigns to Reduce Tobacco Use
Several comprehensive reviews and other recent reports have

evaluated the evidence for the effects of anti-tobacco media
and educational campaigns (Supplementary Table 2).76-85 All
of these reviews have concluded that such campaigns can
increase negative attitudes about smoking, reduce initiation of
smoking among youth, and promote smoking cessation
among active smokers. The impact can be substantial. For
example, the CDC reviewed the effects of several state
programs.”” California’s focused anti-tobacco media educa-
tion program was associated with large reductions in smoking
across several racial/ethnic groups between 1990 and 2005,
including declines from 20% to 15% in Asian men, from 22%
to 16% in Hispanic men, and from 28% to 21% in black men.
In Florida, a youth tobacco prevention program that included
a major mass media component led to significant declines
after just 1 year, including absolute declines in current
cigarette use of 3.5% in middle school students and 2.2% in
high school students.

Such campaigns are most effective when combined with
other community, school, and healthcare system—based strat-
egies (Table 3). As part of such combined strategies, media
and education components have generally been estimated to
account for at least 20% of declines in tobacco use. Factors
that increase effectiveness include greater duration and dose
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of exposure to the media campaign and use of strong negative
messages about health. To maximize success, the CDC
estimated that such approaches must have sufficient reach,
frequency, and duration to reach 75% to 85% of the target
audience each quarter and run at least 6 months to increase
awareness, 12 to 18 months to have an impact on attitudes,
and 18 to 24 months to influence behavior.””

Sustained campaigns appear to be important. From 2000 to
2003, Minnesota implemented a high-profile media campaign
that successfully reduced smoking among youth. However,
when the program was discontinued, youth’s awareness of the
message declined, and the likelihood of youth initiating
smoking increased from 43% to 53% within 6 months.””
Similar findings have been seen when several other anti-
tobacco media campaigns were discontinued.8¢

In sum, there is strong evidence that anti-tobacco media
and educational campaigns are effective for fostering nega-
tive attitudes about smoking, reducing smoking initiation
among youth, and promoting smoking cessation among active
smokers, especially when sustained and when combined with
other population-level strategies.

Labeling and Consumer Information

Labeling/Information and Diet
Several labeling and information approaches have been used to

improve food purchasing choices. Strategies have included
providing the content of selected nutrients on food labels, use of
front-of-pack product labels or icons to highlight specific nutri-
ents or provide overall summaries of healthiness, and listing of
calories or specific nutrients on restaurant menus. For instance,
the US Nutrition Labeling and Education Act of 1990 mandated
the use of nutrition labels in the form of a standardized
“Nutrition Facts” panel on most food packages. In 2005 to 2006,
~60% of US adults reported using the nutrient data on the
Nutrition Facts panel, and approximately half reported looking at
the ingredient list and serving size information.8”

Although industry has done extensive research on the impact
of labeling and marketing in store environments, these data are
not publically available for evaluation. Some research has also
been done by academic investigators. Several observational
cross-sectional studies and limited longitudinal studies have
evaluated factors associated with the use of nutrition labels and
whether their use relates to dietary habits (Supplementary Table
3).87-94 Generally, women more than men and also people with
greater education, existing chronic disease, greater awareness of
diet-disease relations, or counseled by their physician to change
their diet were more likely to report using nutrition labels to help
make decisions about foods. Greater reported use of food labels
was inconsistently associated with certain dietary habits, such as
lower consumption of added sugars, total fat, and total calories
and higher consumption of fruits, vegetables, and dietary fiber.
In many cases, these differences were observed only for use of
specific nutrient information on the food label; for example, only
use of sugar information on the label, rather than general use of
the food label, was associated with lower consumption of added
sugar. Some studies did not show any association between
reported awareness or use of the food label and many or all
dietary habits. Additionally, aspects of the food label were
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demonstrated to be confusing to consumers, for example, rela-
tions between sodium content and salt content.

In part because of the disappointing evidence on the effects
of food labels on dietary behaviors, a growing number of
initiatives are attempting to provide more focused and clear
information in the form of front-of-pack labels or icons. For
example, since 1995 the AHA has operated a national
labeling program that allows industry to add a “Heart Check”
package icon to products that meet specific AHA nutritional
guidelines. In a national survey among 1004 grocery shoppers
conducted in February 2009, 83% reported that this label
aided in their awareness of the healthfulness of products; 63%
reported trusting this more than any other label or icon; and
41% reported looking for this label before purchasing foods
(D. Milne, AHA Quantitative Consumer Research, written
communication, November 21, 2011). In 2006, the United
Kingdom Food Standards Agency recommended that United
Kingdom food retailers and manufacturers place front-of-
pack “traffic light” icons on products in a range of categories.
Other examples include the mandating of front-of-pack label-
ing in the Netherlands (Choices International Foundation,
www.choicesprogramme.org),”> Sweden (the Swedish Key-
hole),¢ and New Zealand (Pick the Tick).°” Sodexo, the
largest caterer in Europe, has voluntarily adopted the “inter-
national choices” logo, a front-of-pack stamp based on
food-category specific criteria on saturated fat, trans fat,
sodium, added sugar, and dietary fiber content, as well as
total calories.”® India, Poland, and Israel are working to adopt
a local variant of the Choices International system, and the
Mexican government is also creating a front-of-pack label to
mark healthier choices. A recent government-sponsored sci-
entific panel in Australia also reviewed the general rationale,
principles, and practical aspects of food labeling, although
not the evidence for effects on consumer behavior.”” In the
United States, the IOM is reviewing front-of-pack nutrition
rating systems, considering the purpose and merits of the
different programs and the nutrition criteria that underlie
them.!0%:191 The next phase report will assess which icons are
most effective, develop conclusions about systems and icons
that best promote health and how to optimize their use, and
consider potential benefits of a single, standardized front-of-
pack food guidance system regulated by the US Food and
Drug Administration.!00-101

Limited studies have evaluated the impact of focused
front-of-pack labels on consumer behavior (Supplementary
Table 3). Several cross-sectional observational studies have
been performed on correlates of reported and observed use of
food labels and front-of-pack logos,'°> consumer recogni-
tion,'%* and purchasing behavior in supermarkets!®* related to
front-of-pack logos. Generally, these observational studies
have found that people who report greater attention to health
concerns are more likely to report using the logo and
purchasing products with the logo. Causation cannot be
assessed in such cross-sectional studies; that is, shoppers
predisposed to purchasing a healthier food may report using
the logo, rather than the logo influencing the purchase.

Simplified front-of-pack or point-of-purchase labels or
icons have been evaluated in several interventional studies. In
a quasi-experimental intervention in the United Kingdom, a
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front-of-pack icon label for healthfulness had no effect on
sales of specific products in supermarkets in the 4 weeks
before versus after introduction of the icons.'® A similar
uncontrolled study in New England supermarkets demon-
strated statistically significant but small changes in food
purchasing at 1 and 2 years after implementation of an
in-store, on-shelf version of a front-of-pack icon system.!0¢
One controlled acute (single meal) intervention demonstrated
that food labels reduced total calories consumed at a buffet
lunch, but this was a small study (n=47) among motivated
volunteers.'”” A larger (n=420) acute (single meal) con-
trolled intervention demonstrated that front-of-pack food
labels resulted in improved recognition of more versus less
healthful foods but did not alter which foods were selected by
subjects.'%® Two longer-term (3—4 weeks) controlled inter-
ventions found no effects on sales of labeling low-fat food
choices in a vending machine located in a teachers’ lounge'®®
or placing front-of-pack logos on foods in worksite cafete-
rias.''0 In a 12-month controlled intervention, the addition of
a low-fat label (with or without promotional signage) to
snacks in vending machines located in high schools and
worksites had minimal effects on sales.!'!

A limited number of quasi-experimental studies suggest
that labeling in combination with additional environmental
changes may be effective. A combined environmental and
labeling intervention, both increasing healthier options while
also labeling calories, energy density, and macronutrients on
all foods sold in a worksite cafeteria, led to a reduction in
total calories consumed at lunch.!'? In a quasi-experimental
study at a large US hospital, foods and beverages were
labeled with simple color codes (red, yellow, green) based on
US Department of Agriculture (USDA) food pyramid guide-
lines.!!3 After 3 months, sales of “red” products decreased by
9.2%, including 23.1% lower sales of sugar-sweetened bev-
erages, and sales of “green” products increased by 4.5%
(P<<0.001 each). Total sales at the cafeteria did not change,
and no changes were seen in sales of these different foods at
2 smaller comparison cafeterias that did not institute labeling.

Many foods, such as those sold in cafeterias and restau-
rants, are promoted on menus rather than in a package or
setting conducive to a label or logo. In the United States,
more than half of all food dollars are spent on such foods
prepared away from home, including at restaurants, fast-food
chains, cafeterias, and other public places.> Such foods were
exempted from the US Nutrition Labeling and Education Act
of 1990. As a result of the new US healthcare reform law,
retail food establishments with =20 locations, including
chain restaurants, coffee shops, grocery stores, bakeries, and
vending machines, will be required to post calories on menus
and have available other nutritional information.

Both observational and quasi-experimental studies have
evaluated the impact of point-of-purchase information, such
as menu or menu board listing of calories and/or nutrients, on
food-purchasing behavior (Supplementary Table 4). In obser-
vational analyses, customers who report both seeing and
using posted calorie information purchase fewer total calories
than other customers,!'+115 although such findings can be
limited by reverse causation (ie, calorie-conscious customers
may pay more attention to menu postings rather than the

postings themselves altering calorie consciousness). Interven-
tional studies have also been performed. In a review of earlier
interventional studies published through 2003, the authors
concluded that the design and reporting of many of these
studies were suboptimal.''® In a short-term study among
college students, posting the caloric content of entrees in a
college cafeteria for 14-days led to selection of entrees with
lower kilocalories without reducing overall sales revenue.'!”
Similarly, a short-term comparison of meals purchased at
full-service restaurants in Washington State found that adding
caloric and nutrient information to menus was associated with
selection of entrees that were lower in calories, fat, and
sodium during the next month.''® Conversely, a study that
showed adolescents restaurant menus with and without ca-
loric information produced relatively small theoretical
changes in behavior, with only 1 in 5 adolescents selecting a
lower-calorie or lower-fat alternative when menus had posted
information.!"'® Similarly, the posting of caloric information
for foods and beverages on menu boards of New York City
fast-food restaurants was associated with increased self-
reported awareness of calorie information!'> but did not affect
average calorie consumption by patrons of these restaurants
in low-income areas of New York City compared with either
pre-menu labeling consumption or with consumption in
control areas in Newark, NJ.'20 In a controlled trial, the
addition of caloric information to a fast-food menu also did
not alter food selection or consumption at a single meal
among adolescents and adults who were regular patrons of
fast-food restaurants.?> In a systematic review of randomized
controlled trials (RCTs) evaluating workplace interventions
to improve lifestyle and health,'?! 2 trials that provided fat
and/or fiber information on foods in worksite vending ma-
chines or cafeterias demonstrated small increases in con-
sumption of fiber or fruits and vegetables. Conversely, a
1-year controlled trial found no effects of listing caloric
information on foods at the worksite cafeteria on dietary
consumption or adiposity.'?>123 The writing group did not
identify any other studies that investigated the effects of
menu labeling on other risk factors such as adiposity or
metabolic risk factors.

Some evidence from natural experiments suggests that
front-of-pack icons and nutrient labels may influence industry
behavior by leading to product reformulations. After the
launch of a voluntary industry program for a simple “healthy
choice” front-of-pack logo in the Netherlands, existing foods
were reformulated and new products were launched to alter
several nutrients.'>* For example, sodium was reduced in
processed meats, sandwiches, and soups; dietary fiber was
increased in fruit juices, processed meats, dairy products,
sandwiches, and soups; and saturated fat and added sugar
were reduced in dairy products.'>* Contemporaneous with
mandates to add trans fat content to food labels in Canada and
the United States, many products were reformulated by
industry to reduce or eliminate trans fat.'?>126 The impact of
the labeling per se versus increased consumer and media
attention surrounding the policy change or other factors
cannot be differentiated; for example, in both of these studies,
many food products served at restaurants that did not require
labeling were also reformulated.!23-126
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Table 4. Labeling and Consumer Information*
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Class/Evidence Grade

Diet Detailed nutrition facts panels on packaged foods and beverages Il B

Simplified front-of-pack or point-of-purchase labels or icons to support healthier choices, such as a IIb At
“healthy choice” icon, “traffic light” label, or monochrome or colored Guideline Daily Amount label, on
packaged foods or in grocery stores, cafeterias, vending machines, or restaurants

Menu labeling at restaurants or cafeterias to provide consumers with calorie or other nutrient information b A
on in-store menus and menu boards
Mandated nutrition facts panels or front-of-pack labels/icons as a means to influence industry behavior and lla B
product formulations
Physical activity Point-of-decision prompts to encourage use of stairs lla A
Smoking Cigarette package warnings, especially those that are graphic and health related B

*Several of these strategies overlap with other population approaches and could be categorized in multiple areas (other Tables). Given the scope of topics covered
in this report, the writing group could not review evidence for every type of intervention, eg, evidence for labeling of cigarette packages for nicotine and tar contents
or delivery, point-of-purchase warnings or messages about harm of tobacco use, or rating movies on the presence or depictions of smoking.

T0n the basis of a limited number of quasi-experimental studies, the evidence grade is lla B when such labeling is combined with additional environmental changes,

such as availability and locations of types of foods sold in cafeterias.

F0n the basis of modest effect sizes in short-term, quasi-experimental studies; relatively few controlled or long-term studies have been performed.

In sum, there is limited evidence that labeling and infor-
mation approaches, including nutrient facts labels, simplified
or summary front-of-pack product labels/icons, or point-of-
purchase (eg, menu) listing of calories or specific nutrients,
have consistent meaningful effects on dietary behaviors of
consumers (Table 4). Indeed, for nutrition facts panels, there
is reasonable evidence for little to no effect on diet or even
contribution to confusion. Although between 20% to 80% of
adults in various studies report using food label nutrition or
ingredient information, front-of-pack icons, or menu labeling
to make food choices, with differences by sex, education, and
underlying disease status (Supplementary Table 3), there is
limited objective evidence that these labels or icons produce
actual dietary change or alter other diet-related risk factors,
especially over the long term. Efficacy may be limited by the
little time that many people spend when selecting foods for
purchase and by a limited understanding of food labels or
icons and point-of-purchase information in some subgroups,
such as the elderly, men, and those with lower education or
literacy. Simple point-of-purchase icons in cafeterias appear
promising when combined with additional environmental
changes to alter diet; further investigation is needed in
different settings and with longer follow-up. Interestingly,
labeling and information approaches may be effective for
influencing industry to reformulate their products, which can
improve dietary habits by altering the characteristics and
availability of different foods and beverages.

Labeling/Information and Physical Activity
Few studies of labeling/information and physical activity

were identified. The use of signage to increase use of stairs as
a part of overall physical activity has produced small changes
in this behavior, for example, at worksites or shopping
centers. Displaying signs with either health or weight-control
messages for 1 month increased the percentage of people who
used the stairs: People <40 years of age increased their use of
stairs from 4.6% at baseline to ~6.0%, and those =40 years
of age increased their use of stairs from 5.1% to ~8.4%.'%7 In
another intervention, motivational posters or banners encour-
aging use of stairs, when posted next to escalators adjacent to

stairs, increased stair use from 2.4% at baseline to 4%
(posters) and 6.7% (banners); this increase was sustained at
10 weeks after signage was removed.!?812° Incorporation of
motivating messages was found to increase use of stairs from
8.1% to 18.3% over a 6-week intervention.'?° In a nonran-
domized intervention in a predominantly Hispanic US-
Mexico border community, posters at open-area staircases in
various community sites (eg, airport, bank, library, office)
produced small increases in stair use among women (absolute
increases of ~1% to 6%), with mixed results (both increases
and decreases) among men.'3! In another trial, use of labeling
(eg, posters, bulletin boards) to encourage use of stairs at a
worksite did not significantly increase physical activity com-
pared with controls.’?! In sum, these studies indicate that
motivating signage can increase use of stairs, but the effects
appear modest, and relatively few controlled or long-term
studies have been performed (Table 4).

Labeling/Information and Smoking

Warning Labels on Cigarette Packs
Observational, quasi-experimental, and short-term controlled

studies have been performed to evaluate the effectiveness of
warning labels on cigarette packs (Supplementary Table 5).
These studies demonstrate that warning labels are most
effective in countering the attractiveness and persuasiveness
of cigarettes when they are visually noticeable,!3%133 avoid
the use of chemical names or ingredients,!3* are specific
rather than general,'® include pictorial and especially
graphic'3¢ warnings, are attributed to a specific source (eg,
“medical studies,” “the Ministry of Health”) rather than
unattributed,’?” and are provided at appropriate literacy lev-
els.!3® Smokers with greater education are more likely to
recall printed warnings on cigarette packages.!?®
Observational evidence suggests that warning labels are
effective for increasing awareness of health risks and reduc-
ing smoking. An international survey that included adult
smokers from the United States, United Kingdom, Canada,
and Australia demonstrated that smokers who noticed the
warnings were more likely to endorse health risks and that
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knowledge of health risks was greater in countries with more
mandated government warnings.'4© As new warnings have
been added and updated, smokers have reported that the
warnings increased their motivation to quit, reduced their
likelihood of purchasing cigarettes, and made them smoke
less overall.'*! Smokers who report noticing warning labels
also report greater intentions to quit'#' and higher stages of
change and self-efficacy.'*> Quasi-experimental evidence
supports these findings.!**'43 Notably, industry and trade
documents indicate that the reverse tactic, for example, the
promotion and labeling of “light” or “low-tar” cigarettes by
cigarette companies, has been highly successful in increasing
the use of such cigarettes by consumers.'4*

In sum, there is relatively limited long-term evidence from
natural experiments or interventions on the effectiveness of
labeling alone in reducing smoking, perhaps because different
population approaches to reducing smoking (eg, education,
labeling, taxation) have often been adopted in combination.
However, the available evidence indicates that warning labels
are effective at increasing awareness of health risks, counter-
ing attractiveness of cigarette advertisements and packages,
and also reducing amounts of smoking (Table 4). Awareness
of warning labels is also linked to intentions and readiness for
cessation, although the directionality of this latter association
has not been established.

Taxation, Subsidies, and Other

Economic Incentives

There is considerable interest in potential economic ap-
proaches to improve diet, physical activity, and tobacco-
related behaviors.!45-148

Food Pricing: Direct Taxes or Subsidies
Conventional wisdom often holds that healthier foods are

more expensive than less healthy foods, supported by some
analyses of costs on a per-calorie basis.!#*:150 However, less
healthful foods often contain more calories and are more
energy-dense than many healthful foods such as fruits or
vegetables, leading to somewhat circular conclusions on a
per-calorie basis. Some investigations based on types of foods
and overall eating plans, rather than costs per calorie, also
support higher average prices for healthier foods.!>!-'52 Con-
versely, several other investigations have not found consistent
price differences between more versus less healthy foods.!33-156
Additionally, research evaluating a variety of predictors suggests
that prices of otherwise similar foods can vary substantially due
to non-intrinsic factors, such as the type of store in which they
are sold.'57-15° Prices also vary substantially by whether the food
is from a supermarket or preprepared, with less healthy foods
from fast-food outlets costing more, even on a per-calorie basis,
than healthy foods from local supermarkets.'®® Perceptions are
also relevant. In a study among adults of lower socioeconomic
status, perceptions of lower availability and higher price of
healthier foods, rather than actual availability or price, were
associated with fewer healthful food purchases.'¢!

There has been growing interest in the potential role of
taxes or subsidies to decrease intake of less healthy foods/
beverages or increase intake of healthier foods/beverages.

This interest has been partly driven by the success of pricing
policy for tobacco control, as described below. In the United
States, taxes on less healthy foods or beverages already exist:
17 states have specific taxes on soft drinks and syrups, fruit
drinks, candy, and/or gum.'°? The primary goals of these
taxes were to generate state income, often traced to War
Revenue Acts during World War I, rather than to improve
health. Amounts have been generally small, ranging from
pennies per gallon of soft drinks to several percentage points
in sales taxes. Nonetheless, total annual revenue from such
taxes can be substantial, for example, up to $200 million per
year in Texas.!o> Effects of these existing US taxes on
consumption have not been assessed systematically.

Economists have evaluated how price influences choices
(price elasticity) in the food sector for decades, often to assist
producers or consumers rather than because of health consid-
erations.'®> Ideally, full-demand systems should be used for
such analyses, which evaluate not only the effects of a price
change on consumption of the corresponding food/beverage
but also the effects on all other categories of foods/bever-
ages.'®* For instance, a single price change could affect
consumption of the food or beverage itself (eg, coffee), its
complements (eg, cream or sugar), and its substitutes (eg,
tea).'3165 Unfortunately, such full-demand evaluation has
been infrequently performed for dietary factors.

A systematic review of 160 studies assessed the observa-
tional relations of food prices with demand and consumption
behavior in major food categories in the United States.
Consumption of foods eaten away from home, soft drinks,
juice, and meats had the strongest associations with price
differences across regions (r==0.7-0.8).1% All of these
were cross-sectional studies, and only a few examined both
direct and cross-price elasticity or effects on total energy
intake.

Reviews of cross-sectional analyses have concluded that
small taxes would have little effect on consumption of less
healthy foods or beverages or related risk factors.?! For
example, a simulation approach estimated that at lower tax
rates (eg, 1 cent per kilogram or 1% of value), the effects of
ad valorem taxes on salty snack foods would have small
effects on sales.'®” Conversely, the authors calculated that
such taxes would generate up to $100 million in annual tax
revenues that could be used for prevention programs. Larger
price increases appear to be more effective at altering
consumption. On the basis of data from the systematic review
described above, the authors estimated that a 10% increase in
the price of sugar-sweetened beverages would decrease con-
sumption by 8% to 10%.'°® Similarly, on the basis of
longitudinal analyses evaluating price increases and de-
creases and dietary changes in a cohort of young adults, an
18% tax on sugar-sweetened beverages (an amount that had
been proposed in New York City) would be estimated to
significantly lower consumption per person.'®® Consistent
with these observational studies, in a multiphase interven-
tional study in a hospital cafeteria, a 35% price increase for
sugar-sweetened beverages reduced sales by 26% compared
with both baseline and with a comparison cafeteria.'®®
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Evidence suggests that price-related reductions in con-
sumption of less healthful foods are replaced, at least not
fully, with other price-constant similar foods or beverages. In
a cross-sectional analysis among adolescents, each 10%
greater price for a fast-food meal was associated with a 3%
higher probability of fruit and vegetable consumption, a 0.4
kg/m? lower BMI, and a 5.9% lower prevalence of being
overweight.!” In a longitudinal study among young adults,
price increases and decreases and multiple cross-elasticities
and their substitutions were evaluated over 20 years.'®8
Increases in prices of sugar-sweetened beverages and foods
consumed away from home were associated not only with
decreases in consumption but also with lower total energy
intake, body weight, and insulin resistance. On the basis of
this analysis, an 18% tax on sugar-sweetened beverages
would be estimated to produce an average annual relative
weight loss of 0.99 kg per person over 20 years. These
findings suggest that price-related reductions in consumption
of higher taxed items were not fully compensated for by
increased consumption of other similar beverages or foods.

In addition to taxation of foods to decrease consumption,
there is interest in subsidizing or lowering prices of more
healthful foods to increase their consumption. In observa-
tional analyses, lower prices of fruits and vegetables were
associated with greater intake of these foods,!”' as well as
with lower BMI,!7%172 including in prospective studies.!”3
One analysis estimated that a 10% price subsidy would lead
low-income US consumers to increase their intake of both
fruits and vegetables by ~2% to 5%, at a total cost of ~ $310
million for fruits and $270 million for vegetables.!”* On the
basis of food consumption data and demand elasticity in the
United Kingdom, it was estimated that the combination of
taxing less healthy foods and using this revenue to subsidize
the price of fruits and vegetables would sufficiently alter
consumption to prevent >6000 deaths attributable to CVD
and cancer each year.!”s

Several interventional studies have evaluated whether low-
ering the prices of healthier food options increases their
consumption by consumers. In a small quasi-experimental
study in a worksite cafeteria, compared with environmental
changes (adding healthy options, food labels), the further
addition of small pricing incentives and nutrition education
did not further alter food purchases.!'> Another quasi-
experimental worksite cafeteria intervention demonstrated
that more substantial subsidies on healthier foods and dishes,
which lowered prices by 20%, led to significant increases in
purchases of these foods while decreasing purchases of
unsubsidized, less healthy foods.'’® A controlled trial evalu-
ated the effects of larger price subsidies on food sales from
vending machines in 24 secondary schools and worksites in
Minnesota.!'! In randomized 4-week intervention periods,
price reductions of 10%, 25%, and 50% on low-fat snacks
were associated with significant increases in sales of these
products of 9%, 39%, and 93%, respectively. Promotional
signage alone to recommend low-fat options had relatively
small effects on sales. An 18-month controlled trial in
metropolitan vending machines demonstrated that the com-
bination of lower relative prices (a reduction of ~31%) and
increased relative availability (=55%) of healthier foods
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more than doubled their sales.!”” In another intervention, a
50% reduction in the price of fresh fruit and baby carrots in
secondary school cafeterias produced a 4-fold and 2-fold
increase in the sales of these foods, respectively, compared
with the usual prices.!”® In a controlled trial among 602
postpartum women enrolled in the Special Supplemental
Nutrition Program for Women, Infants and Children (WIC),
women assigned to intervention groups received a subsidy
($10 per week in farmers’ market or supermarket food
vouchers) to purchase fruits and vegetables; women in the
control group received a similar voucher for diapers.!” The
subsidy was given for 6 months, after which participants were
monitored for another 6 months to evaluate sustainability. At
6 months, consumption of fruits and vegetables was signifi-
cantly higher in the intervention groups than in control groups
(overall, 7.8 versus 4.8 servings per day, P<<0.001). Six
additional months after the intervention ended, this increase
was sustained (7.5 versus 4.9 servings per day, P<<0.001).

Interestingly, at least 2 of these interventions suggested
that the effects of food subsidies might be sustained, at least
weeks to months, after subsidies were removed.!76:179 This
suggests that changes in preferences for healthy foods, once
established, may be at least partly sustainable.

In addition to observational studies and shorter-term inter-
ventions, national interventions and natural experiments fur-
ther suggest that changes in food pricing can substantially
alter risk of clinical events, with effects evident within
relatively short time frames. For example, several Eastern
European countries experienced dramatically divergent in-
creases or decreases in cardiovascular mortality in the years
after the fall of the Soviet Union.'8¢ The best predictor of
these changes was the degree of increased consumption of
vegetable oils, in particular, those containing plant-derived
omega-3 fats, in place of animal fats. These differences in
consumption were related to between-country differences in
changes in subsidies and pricing of fats and oils.'8* Also, as
described above, coordinated changes in agricultural, sub-
sidy, and taxation policies in Finland led to decreased
consumption of animal fats and increased consumption of
vegetable oils and berries, with substantial and sustained
reductions in population CVD risk factors and incidence.>*¢°

External factors can influence price elasticities of dietary
choices. For example, economic downturns or other pressures
might impact purchasing behavior to make consumers more
sensitive to price differences or, alternatively, to make less
expensive, processed, calorie-dense foods more appealing to
some consumers. Changes in social and cultural norms, for
example, through education, are also important to maximize
the long-term impact of price changes on consumer
behavior.!8!

In sum, the evidence indicates that changes in prices of
specific foods and beverages alter their consumption, with
additional supportive evidence from observational studies
and natural experiments for corresponding changes in diet-
related risk factors and clinical events (Table 5). In some but
not all studies, vulnerable populations such as youth and
people of lower socioeconomic status appear most sensitive
to prices. The overall effects are proportional to price differ-
ences, with relatively larger price changes being linked to
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Table 5. Taxation, Subsidies, and Other Economic Incentives*

Class/Evidence Grade

Diett Subsidy strategies to lower prices of more healthful foods and beverages 1A
Tax strategies to increase prices of less healthful foods and beverages lla B
Changes in agricultural subsidies to encourage certain crops (eg, fruits, vegetables) and/or reduce IIb C
other major commodity crops as a means to alter consumption
Changes in both agricultural subsidies and other related policies to create infrastructure that lla B
facilitates production, transportation, and marketing of healthier foods, sustained over several
decades
Sustained individual financial disincentives for adiposity or poor diets (eg, higher insurance IIb C
premiums or deductibles, other surcharges) and/or financial incentives for healthier weight or
better diets
Shorter-term (nonsustained) workplace-based financial incentives to employees to promote b A
healthier diets
Financial incentives to support building of supermarkets and grocery stores in underserved areas IIb Ct
Direct, nonsustained individual financial incentives for improved diet or weight loss IIb A§
Sustained individual financial disincentives for poor diet as assessed by adiposity (eg, differences IIb C
in insurance premiums, deductibles, or surcharges)
Tax incentives to employers to offer comprehensive worksite wellness programs with nutrition, IIb C
physical activity, and tobacco cessation/prevention components

Physical activityt Tax incentives for individuals to purchase exercise equipment or health club/fitness memberships IIb C
Increased gasoline taxes to increase active transport/commuting lla B
Direct, nonsustained individual financial incentives for increased activity/fitness or weight loss IIb A§
Sustained individual financial disincentives for adiposity or lower activity/fitness (eg, differences in IIb C
insurance premiums, deductibles, or surcharges)
Tax incentives to employers to offer comprehensive worksite wellness programs with nutrition, IIb C
physical activity, and tobacco cessation/prevention components

Smoking Higher taxes on tobacco products to reduce use and fund tobacco control programs 1A
Direct, nonsustained individual financial incentives for tobacco cessation IIb A§
Sustained individual financial disincentives for tobacco use and/or financial incentives for lla C
cessation or nonuse (eg, differences in insurance premiums, deductibles, or surcharges)
Tax incentives to employers to offer tobacco cessation/prevention or comprehensive worksite IIb C

wellness programs including tobacco cessation/prevention components

*Several of these strategies overlap with other population approaches and could be categorized in multiple areas (other Tables). Given the scope of topics covered
in this report, the writing group could not review evidence for every type of intervention.

1See Table 7 for local community built-environment strategies that could be directly influenced by financial or economic incentives, such as (for diet) numbers
and locations of supermarkets or fast-food restaurants, types of foods available in retail outlets, availability of community gardens and farmers’ markets, etc, and

(for physical activity) building of parks, transport systems, land-use mix, etc.

FThis class/evidence grade is for effects of such financial incentives on diet and related health outcomes. The class/evidence grade for effects of neighborhood
availability of supermarkets and grocery stores on diet and related health outcomes is | B and llb B, respectively (Table 7).
§Behavior changes often do not persist after financial incentives are removed, and these strategies also appear to work less well for complex behaviors such as

diet or weight loss.

more meaningful differences in consumption. In addition to
the health impact of taxation that results from decreased
consumption of less healthy foods and beverages, the addi-
tional health impact of the tax revenue for funding prevention
programs and/or subsidizing increased consumption of
healthier foods must also be considered.

Agricultural Policy

A great deal of research over the past century has focused on
US and European agricultural policy.!'#8 Several foods tradi-
tionally supported by agricultural policy, such as wheat, corn,
dairy, and beef, are typically more energy-dense and less
nutrient-dense, served in larger portion sizes, and, in some
cases, less expensive on a per-calorie basis than foods less
supported by agricultural policy, such as fresh fruits and
vegetables, whole grains, nuts, and fish.!48.182.183 Many sub-

sidized crops have also historically been diverted for use as
inexpensive feed for meat production. Soy has also been
subsidized; vegetable oils in moderation are, of course,
healthy.?

Some scholars have concluded that simply removing agri-
cultural subsidies from foods or commodities would signifi-
cantly shift prices and limit their presence in the food
supply.'®2 This work has generally been based on analyses of
current pricing and recent price trends, together with ob-
served links between limited social and economic resources
and disparities in access to healthier foods, without consid-
eration of the complex history of agricultural subsidies, the
accompanying systems to increase prices of similar import
crops, and the current types of subsidies and groups who
benefit from the current subsidies.
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Several economists have explored the role of agricultural
policy in the price, availability, and portion sizes of
foods.!48:184-187 In general, analyses focusing on recent US
policy have concluded that over the past 2 decades, agricul-
tural subsidies alone have not distorted the relative costs of
fruits and vegetables and other foods relative to animal
products, sugars, and edible oils.'84-187 Rather, a major effect
of these agricultural subsidies is income transfer to farmers.
According to the Organization for Economic Cooperation and
Development, 29% of income of farmers in Western coun-
tries comes from government subsidies, trade interventions,
or direct income transfers.'®® These analyses suggest that
simple removal of current subsidies from unhealthier com-
modities would not have any major impact on food prices at
least over several years.

In contrast to these relatively focused effects of subsidies,
the array of other long-term US agricultural and related
policies and investments over the past century have created
an entire framework of production, distribution, marketing,
and demand that facilitates lower cost of less healthful,
processed foods relative to healthful foods such as fruits,
vegetables, nuts, legumes, and fish.!48.185-187.189,190 Examples
of such investments include grain elevators, marketing assis-
tance, favorable tax policies, and credit and commodity
programs. Adjusted to 1992 dollars, total US public invest-
ment in agriculture rose from $500 billion in 1940 to $2.5
trillion in 1990, with very little of this spent on direct
agricultural subsidies.!s®

These historical trends suggest that comprehensive and
sustained changes in multicomponent agricultural policies
have a large impact on diet. This is supported by experiences
in Finland, in which the national extension of a regional
media and education campaign to improve diet was accom-
panied by modifications over time of several existing agri-
cultural, subsidy, and taxation laws over time to support the
production of healthier foods.®® For instance, taxation policies
that favored dairy products and subsidies that supported
butter (eg, direct subsidies to bakeries) and dairy fat were
modified to support mixed vegetable oil and light spreads and
greater production of lean meats and protein. Also, a national
Berry and Vegetable Project was developed to increase the
feasibility of growing local berries.>® The Ministries of
Agriculture and Commerce financed a major collaborative
project that included berry farmers, industry, various com-
mercial sectors, and health authorities. In addition to media
and education to increase consumption, this project supported
sales campaigns, the development of new berry products, and
related relevant activities. Over the period of the project,
many Finnish farmers switched from dairy to berry produc-
tion, and berry production and consumption rose nationally
from initially very low levels. These changes in the food
supply, together with related media and educational cam-
paigns, were associated with substantial reductions in popu-
lation CVD risk factors and rates of CVD events.>*0 Addi-
tional government budget policies were developed in the
2000s to support domestic vegetable consumption and other
health-related food innovations®; the specific impact of these
new policies has not yet been reported.
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In sum, the present evidence suggests that changes in
current US agricultural subsidies alone will produce marginal
changes in food availability, prices, or population dietary
habits (Table 5). In contrast, experience over the past century
suggests that sustained efforts over several decades that alter
both agricultural and other related policies to create an
infrastructure that facilitates production, transportation, and
marketing of healthier foods will have greater long-term
impact.

Financial Incentives or Disincentives to Reduce Adiposity

There is growing interest in direct incentives for overweight
or obese people to reduce their body weight, for example, by
directly taxing BMI or by providing rewards for weight loss.
Although this is being done increasingly in a range of
industry insurance and wellness programs (“Workplace-
Based Economic Incentives for Employees and Businesses”),
it has not been implemented in any free-living population
outside of such programs.

Financial Incentives to Influence Locations of
Supermarkets or Grocery Stores
The evidence for the influence of the local food environment,

including locations and availability of different types of
stores and restaurants, on dietary habits and related risk
factors is reviewed in “Local Environmental Change for Diet
(Community Settings).”

Economic Incentives/Subsidies to Promote

Physical Activity

In modern societies, there is often a real or perceived time
cost to performing physical activity.!°! Because people must
perceive value to create this time, it is possible that economic
incentives could be used to help promote physical activity
and recreation.

Incentives to purchase exercise equipment, for example,
have been proposed as a means to increase physical activ-
ity.1°2 However, there are no data to determine whether tax
incentives for purchase of this equipment have a behavioral
or health impact.'3-!94 The price of gasoline has also been
proposed as a key factor that could influence individuals’
transportation choices, including modes of transit such as
walking and biking. Gasoline consumption is responsive to
price changes,'*>1°7 and thus increasing the price of gas
could theoretically reduce driving and possibly increase
modes of active commuting.'3-2%0 One cross-sectional ob-
servational analysis in Europe found a significant inverse
association between gasoline price and prevalence of obe-
sity.2°! Another analysis evaluated pooled data from the
Behavioral Risk Factor Surveillance System (BRFSS) sur-
veys from 1990 to 2001 to assess the cross-sectional relations
between gasoline prices, urban sprawl, and bicycling.?? Each
US $1 increase in gasoline price was associated with absolute
increases of 0.4% (from 4.3% to 4.7%) and 0.6% (from 2.9%
to 3.5%) in the prevalence of bicycling among men and
women, respectively.202 A longitudinal study using clinic-
based US data from 1992 to 2001 found that increases in
inflation-adjusted gasoline price were associated with in-
creased total physical activity, roughly equivalent to 20
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minutes of additional walking per week for each 25-cent
increase per gallon.?°3 Similarly, a recent study using US
surveillance data from 1979 to 2004 found that each addi-
tional $1 in gas prices was associated with additional
walking.204

In sum, some evidence suggests that changes in gasoline
prices could influence physical activity, but more research is
needed because of the limited number of studies and their
typically cross-sectional designs (Table 5). Otherwise, relatively
little evidence exists to evaluate the effectiveness of tax incen-
tives or subsidies to promote physical activity or minimize
sedentary behaviors. Evidence for economic incentives for
physical activity in the workplace setting is reviewed else-
where (“Workplace Economic Incentives for Individuals”).

Taxes to Reduce Tobacco Use
In the United States, the cigarette tax increased by 62 cents to

a total of $1.01 per pack on April 1, 2009.205 Federal tax rates
also increased on other tobacco products such as smokeless
products, roll-your-own tobacco, and cigars. Many states also
impose tobacco excise taxes, with a current nationwide
average of $1.45 per pack as of July 2010. New York State
raised its cigarette tax by $1.60 in June 2010, giving it the
highest US rate at $4.35 per pack. Tax rates are much lower
in most developing countries, resulting in lower total price. In
2006, the average total price per pack was $4.30 in high-
income, $1.50 in middle-income, and $1.10 or less in lower
middle- and low-income countries.?%°

Global trends in cigarette affordability (price relative to per
capita income) were investigated in 70 countries (28 high-
income developed countries and 42 developing countries) be-
tween 1990 and 2001.207 Cigarettes were more expensive but
also relatively more affordable in developed countries because
of the higher per capita income. An update of this analysis in 77
countries through 2006 found that in high-income countries,
cigarettes became less affordable beginning in 1990, whereas
among low-income and middle-income countries, cigarettes
became more affordable, at an increasingly rapid rate since
2000.20¢ For example, affordability of cigarettes increased
greatly in the Philippines, Mexico, Vietnam, China, and Russia.
In 33 of 34 countries in which cigarette affordability decreased,
real price increased. In 20 of 37 countries in which affordability
increased, real price decreased.

A robust literature has examined the impact of increases in
cigarette tax on prevalence of smoking, especially in youth.
The majority of studies have found that higher taxes reduce
consumption, including reducing the prevalence of active
smoking and increasing cessation rates, especially among
young smokers.208-210 When affordability elasticities of de-
mand were evaluated in 70 countries between 1990 and 2001,
each 1% increase in the relative income price (the inverse of
cigarette affordability) was estimated to decrease cigarette
consumption by between 0.49% and 0.57%.2°7 In the United
States, modeling techniques have estimated that a 40%
increase in cigarette prices because of taxes would reduce
smoking prevalence from 21% in 2004 to 15.2% in 2025,
producing large gains in cumulative life-years (7 million) and
quality-adjusted life-years (13 million) and a total cost
savings of $682 billion.2!!

In sum, there is strong evidence that higher tobacco taxes
reduce consumption, both overall and in particular among
youth (Table 5). Industry documents demonstrate that to-
bacco companies understand the impact of tax increases on
consumption and have developed pricing strategies that could
partly counter these effects, such as development of lower-
cost generics and price-related marketing efforts such as
multipack discounts and couponing.?'? For maximum impact,
tobacco tax policies will need to adapt to these industry
strategies.

Workplace Economic Incentives for Individuals
In March 2010, the Patient Protection and Affordable Care

Act codified an existing statute that allows employers to
charge employees a differential health insurance premium
based on meeting certain health status factors such as BMI,
tobacco use, or physical fitness or activity levels within the
context of a worksite wellness program.?'> The maximum
differential was increased from 20% to 30%, with discretion
for the Secretaries of Health and Human Services and
Treasury to increase the differential to 50% if deemed
appropriate. Consequently, employers can charge deductibles
that are up to 30% higher for employees who are obese or
who use tobacco, whereas nonobese employees, nonsmokers,
or those who are physically fit can pay lower deductibles.
This could translate to increased annual health insurance
expenditures of $965 to $2412 for individuals and $2675 to
$6688 for families for those not meeting these health met-
rics.2"* A recent survey indicated that because of rising
healthcare costs and the new allowance under the federal law,
62% of employers plan on switching from incentives for
participation to incentives for improvements in health met-
rics, shifting costs from healthy employees to their less
healthy counterparts.?!> The premise is that these financial
incentives/disincentives will motivate employees to take per-
sonal responsibility for their own health and improve their
behaviors and health status over the short and long term.

Experiments testing financial incentives to improve health
behaviors have generally been individual-level randomized trials
rather than population-level interventions, for example, at the
workplace or community level. These studies demonstrate that
financial incentives can improve health behaviors in the short
term, especially when financial incentives are larger.?'0-21°
Examples of incentives in these studies included compensation
ranging from $100 to $400 for completion of smoking cessation
programs with biochemical verification of quitting or incentives
for weight loss ranging from $7 to $14 for each percentage point
of weight lost. Generally, incentives led to greater participation
and completion rates, successful cessation in smoking cessation
programs at 3 months, and greater weight loss, ranging from 0.9
to 2.25 kg at 3 months. However, these differences generally did
not persist at longer follow-up (eg, 6 months) after the incentive
programs had ended.

One review identified 9 individual-level RCTs with a
follow-up of at least 1 year that used traditional pay-for-
performance incentives for weight loss among overweight or
obese adults.?2° Intervention durations were typically from 8
to 16 weeks, although in some trials the interventions lasted
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throughout follow-up. A pooled analysis found no significant
effect of use of financial incentives on weight loss or
maintenance at 12, 18, or 30 months. Secondary analyses
suggested that effects might be greater when incentives were
larger (eg, >1.2% of personal disposable income), when
rewards were given for behavior change rather than for
weight change, and when rewards were based on group
performance rather than individual performance, but none of
these differences were statistically significant. Another re-
view identified 14 studies that tested workplace interventions
including incentives or competitions to reduce tobacco use.??!
In pooled analysis, a significant reduction in self-reported
tobacco cessation was seen. However, because nearly all
interventions were multicomponent, the specific contribution
of the incentives alone could not be evaluated. Additionally,
because rewards were generally short-term, the long-term
sustainability has not been established.???

A review of economic incentives relating to a larger
spectrum of preventive behaviors, such as seat belt use,
examined 111 individual-level RCTs and included 47 studies
published from 1966 to 2002 that met the authors’ criteria.???
The researchers found that economic incentives worked much
(73%) of the time, especially for short-term and simple
preventive care with distinct and well-defined behavioral
outcomes, such as immunizations and health screenings, but
worked less well for more complex and long-term behaviors
related to diet or weight loss.??* These studies did not provide
sufficient data to determine the size of the incentive required
to maintain a sustained effect because of the wide diversity of
incentives offered, including coupons, free bus tokens, cash
prizes, promotional items, merchandise, and free day care.
Also, some of the incentives were confounded with additional
lottery or competition intervention components, and many of
these studies were limited by small numbers of participants,
cross-sectional designs, or very modest awards.?>*

In sum, individual financial incentives appear to produce
improvements in health behaviors, but gains are lost when the
incentives are no longer offered (Table 5). The potential
long-term effects of sustained incentive/disincentive systems,
such as related to health insurance premiums or deductibles,
need to be further assessed. The CDC will release a report by
2013 based on employer data that will analyze the effective-
ness of premium-based and cost-sharing incentives in chang-
ing health behavior and the effectiveness of different types of
rewards on the impact of incentives within employer-based
worksite wellness programs. Sparse data are available on the
effectiveness of other workplace-based incentives for im-
proving physical activity, although many such programs
exist, for example, subsidization of gym memberships or
annual purchases of fitness equipment. These findings imply
a need for further research on long-term incentive programs
and policies for sustained behavior changes.

Workplace Economic Incentives for Businesses
Economic incentives can also be provided to businesses to

promote healthful behaviors. For example, the Patient Pro-
tection and Affordable Care Act authorizes a grant program
to small businesses to provide worksite wellness programs.
This grant program has not been fully implemented, and thus
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its effectiveness cannot be evaluated. Other proposed legis-
lation has included tax incentives to businesses for offering
robust worksite wellness programming. Until these programs
are implemented or legislation regarding tax incentives
passes, insufficient data exist to evaluate the impact of these
types of incentives on wellness programming or health
behaviors (Table 5).

School and Workplace Approaches

School-Based Approaches to Improve Both Diet and
Physical Activity

Many school-based approaches have been tested that target
both dietary and physical activity habits in a combined
intervention (Supplementary Table 6).3¢:225-228 In such stud-
ies, the primary outcome is typically adiposity as measured
by an age- and sex-appropriate BMI (BMI z score), rather
than changes in diet or physical activity in themselves that
would have additional health benefits beyond changes in
BML.

One systematic review identified 20 such RCTs having
interventions of at least 12 weeks’ duration, conducted in
ages ranging from kindergarten through high school.??> Over-
all, about half of the studies (9 of 20) demonstrated signifi-
cant improvements in BMI z score after a school-based
program targeting both dietary and physical activity behav-
iors. A WHO review of 55 intervention studies, mostly from
North America, concluded that multicomponent school-based
interventions can effectively improve knowledge and atti-
tudes about diet and physical activity, diet and physical
activity behaviors, and related clinical outcomes.?® On the
basis of this review, specific components of such interven-
tions with evidence for effectiveness included (1) curriculum
on diet and/or physical activity taught by trained teachers, (2)
supportive school environment and policies, (3) a parental or
family component, (4) a formal physical activity program,
and (5) serving of healthy food options in school cafeterias
and vending machines. More recent trials, including 3- to
4-year interventions from Europe and China, generally sup-
port these conclusions, although sometimes only in certain
subgroups or for certain outcomes.??7-231

In sum, the evidence supports the effectiveness of such
comprehensive multicomponent school-based interventions
that target both diet and physical activity (Table 6). Emerging
literature suggests that the effectiveness of such interventions
may be further augmented by additional intensive community
involvement based on the principles of community-based
participatory research.?3?

School-Based Approaches to Improve Diet
Several studies have evaluated various school-based strate-

gies to improve diet (Supplementary Table 6).225:233-238 Qut-
comes have included knowledge and attitudes toward and
consumption of specific foods, such as fruits and vegetables
and sugar-sweetened beverages, and related risk factors such
as high BMI. Multicomponent interventions that target both
diet and physical activity are described above.

Effects of garden-based education programs in schools
have been evaluated in at least 10 controlled trials and
quasi-experimental studies, with an additional 3 studies
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Table 6. School and Workplace Approaches*

Class/Evidence Grade

Diett Schools
School garden programs, including nutrition and gardening education and hands-on gardening lla A
experiences
Fresh fruit and vegetable programs that provide free fruits and vegetables to students during the school lla A
day
Multicomponent interventions focused on improving both diet and physical activity, including educational 1A

curricula taught by trained teachers, supportive school policies, a formal PE program, serving of healthy
food and beverage options in school cafeterias and vending machines, and a parental or family

component
School-based educational initiatives alone, without other components b A
Restricted accessibility (eg, locations, times of use) to school vending machines IIb B
Provision of cold filtered water and reusable water bottles at schools, with education and promotion of IIb B
water use
Workplaces

Comprehensive worksite wellness programs with nutrition, physical activity, and tobacco lla Al
cessation/prevention components
Worksite cafeteria or vending machine prompts, labels, or icons alone to make healthier choices IIb B
Increased availability of healthier food/beverage options and/or strong nutrition standards for foods and lla B
beverages served, in combination with vending machine prompts, labels, or icons to make healthier
choices

Physical activityt Schools
Multicomponent interventions focused on improving both diet and physical activity, including educational lla A

curricula taught by trained teachers, supportive school policies, a formal PE program, serving of healthy
food and beverage options in school cafeterias and vending machines, and a parental or family

component

Increased availability and types of school playground spaces and equipment I B

Increased number of PE classes, revised PE curricula to increase time in at least moderate activity, and lla At

employment of trained PE teachers at schools IIb At

Regular classroom physical activity breaks during academic lessons lla A§

Increasing active commuting to school, eg, a walking school bus program with supervised walking IIb B

routes to and from school

Workplaces

Comprehensive worksite wellness programs with nutrition, physical activity, and tobacco lla Al

cessation/prevention components

Structured worksite programs that encourage activity and also provide a set time for physical activity lla B§

during work hours

Improving stairway access and appeal, potentially in combination with “skip-stop” elevators that skip lla B§

some floors

Adding new or updating worksite fitness centers lla B§
Smoking Comprehensive worksite wellness programs with nutrition, physical activity, and tobacco lla Al

cessation/prevention components

See Table 7 for local environment changes and Table 8 for smoking restrictions related to schools and
workplaces|

PE indicates physical education.

*Several of these strategies overlap with other population approaches and could be categorized in multiple areas (other Tables). Given the scope of topics covered
in this report, the writing group could not review evidence for every type of intervention, eg, evidence for increasing coverage of and participation in school lunch
programs, creating after- or before-school activity programs, regulatory policies to limit screen time in preschool and after-school programs, or curricula on hazards
of smoking taught by trained teachers at school.

1See Table 4 for strategies related to labeling and information approaches to increase consumption of more healthful foods and beverages in cafeterias and vending
machines and to increase use of stairs; see Table 5 for economic incentives for employees or businesses to improve diet and increase physical activity.

Flla A for improving physical activity; llb B for reducing adiposity.

§The evidence is sufficiently consistent for a Class lla recommendation but only based on a small number of studies, and additional research is required.

|Although studies have varied in methodological quality, have been modest in size (1<<400 each), and typically have not evaluated sustainability beyond 6 to 12
months, interventions targeting higher-risk employees appear especially effective.

{|See Table 7 for reducing density of tobacco retail outlets around schools. See Table 8 for smoking restrictions on school campuses, restrictions on tobacco
advertising and promotion, and increased enforcement of anti-tobacco regulations around schools. See Table 5 for economic incentives for individuals or businesses
to reduce tobacco use and Table 8 for smoking restrictions at workplaces.
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evaluating community-based garden programs for chil-
dren.?33-235 These garden programs typically included weekly
1-hour nutrition and gardening classes, plus hands-on time in
the garden several times per month. Overall, the garden-based
programs significantly increased preferences for fruits and veg-
etables in 4 of 8 studies, willingness to try new fruits and
vegetables in 4 of 5 studies, and levels of consumption of fruits
and vegetables in 4 of 5 studies.?33-235

Two trials evaluated the effects of a fresh fruit and
vegetable program, in which intervention schools received
free fresh fruits and vegetables for snacks during the
school day.?37:23° Both studies demonstrated significant
increases in fruit consumption. For example, the propor-
tion of students eating fruit or drinking 100% fruit juice at
least once a day was significantly increased in the inter-
vention versus control schools (59% versus 41%) in 1 trial;
the proportion eating fruit or drinking 100% fruit juice at
least twice a day was also increased (39% versus 27%).237
In the other trial, average fruit consumption increased by
0.34 servings per day; interestingly, fruit consumption
outside of school also increased by an additional 0.27
servings per day.??® Vegetable consumption did not in-
crease in either intervention, perhaps due to taste prefer-
ences or because fewer choices of vegetables were offered
to students (carrots and celery) compared with fruits
(apples, oranges, pears, plums, pineapple, and kiwi).

Two trials using school-based nutrition education alone
without any additional components demonstrated improve-
ments in knowledge, preferences, and attitudes toward
consumption of fruits and vegetables, but findings were
mixed for changes in actual consumption.?34240 In a
systematic review of school-based randomized educational
interventions to reduce adiposity, 2 of 3 trials evaluating
dietary policies demonstrated stabilization of BMI z score
or overweight/obesity in the intervention groups compared
with continued increases in these measures in controls.??
The 2 successful trials used low-intensity educational
interventions focused on (1) reducing intake of sugar-
sweetened beverages and (2) increasing regular consump-
tion of breakfast. The third trial used a board game to
improve nutrition knowledge, failing to show any effects
on adiposity. Another cluster-randomized trial in 10 US
schools evaluated a comprehensive educational initiative
that included school self-assessment, nutrition education,
nutrition policy, social marketing, and parent outreach.?38
After 2 years, the intervention lowered the incidence of
overweight by 50% (7.5% versus 14.9%).

Several intervention studies have evaluated the effects of
providing cold filtered water at school. One RCT demon-
strated that installation of school water fountains and provi-
sion of plastic water bottles, together with education and
goal-setting components, increased water consumption by 1.1
glasses per day and also reduced the odds of overweight by
31% in German elementary school children after 1 school
year.24! Two small, nonrandomized pilot studies showed that
similar interventions increased water intake by students but
did not reduce intake of other beverages such as soda, sports
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drinks, or juice?#?243; changes in weight were not assessed in
these short-term (<3 months) studies.

Several cross-sectional observational studies have evalu-
ated how school vending machines relate to dietary habits
(Supplementary Table 7). Factors predicting greater use of
school vending machines included either very high or low
parental limits on intake of sugar-sweetened beverages at
home?#* and the absence of school restrictions on times of use
of vending machines.>*> The presence of beverage vending
machines at school was associated with a nearly 3-fold higher
likelihood of students consuming snacks or beverages or both
in place of lunch and a greater likelihood of their choosing
less healthy options, although other healthy foods and bev-
erages were available.?#¢ Students who frequently used
school vending machines (=3 times per week) were 3 times
more likely to buy sugar-sweetened beverages and candy
more than once daily.?*> The writing group did not identify
any RCTs that tested the effects of changes in school vending
machines (availability, restrictions, prices, or types of foods)
on dietary habits or related risk factors in children. One trial
evaluated the effects of labeling low-fat choices in vending
machines in teachers’ lounges,'?® and another evaluated the
effects of increasing the proportions of lower saturated fat,
nonconfectionery choices in vending machines in hospi-
tals.?47 Labeling demonstrated generally small to no effects
on purchasing, whereas altering the types of foods available
in the machines correspondingly altered the proportions of
those types of foods sold.

In sum, several school-based approaches appear to be
effective for improving diet, including garden-based educa-
tional programs, fresh fruit and vegetable programs, environ-
mental changes or standards that increase healthy food
options in cafeterias and vending machines, and comprehen-
sive multicomponent interventions focused on both diet and
physical activity (Table 6). There is currently less robust
evidence for other approaches, such as school-based educa-
tion alone, restrictions on accessibility of school vending
machines, or promotion of use of water.

School-Based Approaches to Improve Physical Activity
Improving physical activity has been a major focus of many

school-based studies (Supplementary Table 6). In a prospec-
tive observational analysis among US children monitored
from first to fifth grade, meeting the recommended time for
recess was associated with lower BMI z scores, and meeting
the recommended time for physical education (PE) was
associated with lower BMI z scores in boys but not girls.?*8
Potential strategies to foster physical activity have included
increased availability and types of playground equipment; the
addition of regularly scheduled classroom activity breaks
during academic lessons; increasing time and intensity in and
using trained teachers for PE classes or, for younger children,
in recess and play time; or increasing active commuting to
school. Multicomponent strategies that target both diet and
physical activity are discussed in “School-Based Approaches
to Improve Both Diet and Physical Activity.”

In cross-sectional observational studies, the availability
and types of school playground equipment were associated
with extent and types of physical activity behaviors. In 1
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analysis, compared with schools not having these factors,
greater moderate daily physical activity was seen in schools
with fixed playground equipment (eg, slides, monkey bars)
and visible playground markings, and greater vigorous phys-
ical activity was seen in schools with loose equipment (eg,
balls, bats) and playground supervision.?*> A second study
found that the number of different permanent play facilities at
schools (swings, courts, sandpits, monkey bars, slides, etc)
was positively associated with physical activity assessed by
accelerometers.?>° For each additional play facility (range, 14
to 35), average accelerometer counts were 3.8% higher at
school (P<<0.001) and 2.7% higher overall (P<<0.001), and
time spent in vigorous physical activity was 9 minutes (3.4%)
higher each day. The presence of each additional 5 play
facilities was associated with 15% to 20% higher overall
activity levels in children. Consistent with these observational
studies, a controlled intervention among 26 elementary
schools in the United Kingdom demonstrated that the addi-
tion of playground markings, sports and playground equip-
ment, and greater supervision increased vigorous physical
activity during recess.?3!

Four intervention studies have assessed the potential effec-
tiveness of classroom activity breaks—short physical activity
breaks throughout the day during the periods of academic
lessons.?>2-255 In 3 studies assessing changes in physical
activity over intervention periods of 12 weeks to 3 years,
students in the intervention classrooms increased their phys-
ical activity during school, whether assessed by question-
naire, pedometer, or accelerometer.>3-25> A fourth 1-year
study found improvements in objectively assessed strength
but not in flexibility or cardiorespiratory fitness.>>® Three of
these studies assessed change in BMI: 1 study found reduced
BMI in girls but not boys,>>* 1 study found no significant
difference in intervention versus control schools,?55 and
another found significantly increased BMI in the intervention
group.?>° Differences in adiposity versus lean muscle mass
were not assessed in these studies. Classroom breaks have
also been used as part of successful multicomponent school-
based interventions targeting physical activity.?27.257.258

A large number of studies have focused on improving PE
in schools, typically by updating PE curricula, adding more
PE classes, and training teachers, and often with further
educational or home-based components (Supplementary Ta-
ble 6).225257.259-261 In controlled trials, such multicomponent
interventions often increase the amount and/or intensity of
physical activity during school hours. Findings have been more
mixed for objectively measured total physical activity, fitness,
and inactivity-related risk factors. A systematic review by Harris
et al found that only 5 of 18 school-based physical activity
interventions used objective measures of physical activity.?>
Three studies using the SOFIT (System for Observing Fitness
Instruction Time) instrument found more physical activity in the
intervention group; 2 studies using accelerometers found no
differences in physical activity between intervention and
control groups. Another more recent 1-year multicomponent
school-based physical activity intervention found improve-
ments in accelerometer-assessed moderate to vigorous phys-
ical activity and in body composition.?37

Among activity-related risk factors, adiposity has been eval-
uated most frequently in school-based physical activity interven-
tions. In a recent systematic review, only 5 of 15 controlled trials
showed improvements in BMI.2?5 Across individual studies,
effects tended to be stronger in girls than in boys and during the
first several months of the intervention (eg, up to 6 months), with
declining success thereafter. For example, in 1 trial, an additional
2 hours per week of usual PE class reduced BMI z score at 6
months, but this improvement was not sustained over longer
periods. In these trials, the overall duration of the intervention
phase (ranging from 12 weeks to 1 school year) did not appear
to be related to success. Another systematic review and meta-
analysis found no significant pooled effect on BMI of 18
school-based physical activity trials that included a total of
>18 000 children and with durations that ranged from 6 months
to 3 years.?>® Because BMI could be an imperfect end point for
physical activity interventions because of changes in lean muscle
mass, many of these trials also evaluated other body composition
metrics, including waist circumference, waist-to-hip ratio, tri-
ceps skin-fold thickness, subscapular skin-fold thickness, per-
centage of body fat, total lean mass, total fat mass, and skin-fold
sum. In 10 trials, only 3 of 18 such measures demonstrated
significant improvements after the physical activity intervention,
1 measure demonstrated deterioration, and 14 measures did not
show any significant change.>*® More recent multicomponent
school-based PE/physical activity interventions in Europe dem-
onstrated improvements over 1 academic year in aerobic fitness,
skin-fold thickness, and/or BMI z score overall or in certain
subgroups.?37.261

Overall, the findings for school-based physical activity pro-
grams are mixed, with promising results for physical activity but
generally little effects on adiposity (Table 6). Several but not all
of these school-based interventions that focused on improving
PE curriculum, often in combination with other school- or
home-based physical activity components, showed improve-
ments in objectively measured school-based and total physical
activity. Conversely, the majority of these trials found no
evidence for reductions in adiposity, including no effects in
overall pooled analyses. The writing group’s review of the
different approaches, populations, and outcomes in these various
school-based physical activity interventions did not provide any
clear explanation for the heterogeneous effects on adiposity or
other metabolic outcomes. Many of these trials tested multiple
components in combination (eg, restructuring PE curricula,
increasing the number of classes or time spent in PE or recess,
adding trained PE teachers, use of novel activities such as dance
classes), which limits the ability to draw conclusions about the
relative effectiveness of any one of these specific components.
Additional ongoing cluster RCTs will provide important addi-
tional evidence on the efficacy of overall school-based programs
to improve physical activity and reduce adiposity.262.263

In addition to targeting activity during school, there is
interest in increasing physical activity during commuting to
school. In cross-sectional observational analyses, compared
with passive commuters (eg, by bus, car), children who
actively commute (eg, by walking, bicycling) have higher
total physical activity levels, although not lower BMI/adipos-
ity.20* Only 2 studies, both nonrandomized interventions,
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were identified that evaluated specific approaches to increase
active commuting. These each evaluated “walking school
bus” programs, in which children walked to school with set
stops along the way, accompanied by walking adult chaper-
ones.20>-2% In both studies, compared with control schools,
the program increased the proportion of children who re-
ported that they were walking to school. For instance, after 2
years in 1 trial, 36% of children in the intervention reported
active (walking or bicycling) commuting on at least 50% of
school days versus 26% of controls.?¢> In a subset of children
who received objective physical activity measurements, these
proportions were 71% and 25%, respectively. However,
although active commuting was increased, there were no
significant differences in BMI or in percentage of body fat
between groups, even after 2 years. This raises the possibility
that increased commuting activity could be offset in part by
unrecognized decreases in activity elsewhere or that statisti-
cal power or intervention intensity were insufficient. Children
who were frequent walkers had a significantly lower BMI
(—0.77 kg/m?) and percentage of body fat (—4.0%)255; such
observational, non—intention-to-treat analyses should be in-
terpreted cautiously. Thus, walking school bus programs
appear potentially promising but, given the limited number of
studies, require further investigation to confirm the effects on
total physical activity and on inactivity-related risk factors.

In sum, effective school-based approaches to improve
physical activity include increasing the availability and types
of playground spaces and equipment and instituting compre-
hensive multicomponent interventions focused on both diet
and physical activity (Table 6). Interventions focused on PE
alone also increase physical activity but with inconsistent
effects on adiposity. Regular classroom activity breaks also
appear to increase activity, but relatively few studies have
evaluated this approach. Strategies to increase activity by
commuting, such as walking school bus programs, appear
promising but require further investigation.

School-Based Approaches to Reduce Tobacco Use
School-based population strategies to reduce tobacco use

among children include reducing the density of tobacco
advertising and retail outlets around schools; restrictions on
tobacco use on school campuses, including colleges and
universities; and increased enforcement of anti-tobacco re-
strictions around schools. The evidence for altering the
density of retail outlets is discussed in “Local Environmental
Change to Reduce Smoking”; the evidence for smoking
restrictions on campus and increased enforcement of existing
restrictions is discussed in “Direct Restrictions and
Mandates.”

Workplace-Based Approaches to Improve Diet
Several systematic reviews!2!:267.268 evaluated controlled tri-

als of workplace interventions to improve diet, physical
activity, and other health indicators (Supplementary Table 8).
Among these trials, many tested measures to improve diet,
generally either based on food labeling or expanding avail-
ability of healthier options in cafeterias and vending ma-
chines (findings from these and similar, more recent studies
are described in “Labeling and Consumer Information™).
Overall, these studies suggested that use of worksite cafeteria
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or vending machine labels or icons alone had little effect on
improving diet, consistent with findings for labeling and
consumer information approaches in other settings (Table 4).
In contrast, the combination of such labeling or other prompts
together with additional environmental changes, such as types
and locations of foods and beverages served, positively
affected purchasing behaviors at worksites. Such worksite
dietary and/or physical activity interventions also demon-
strated improvements in adiposity measures,?¢7-268 for exam-
ple, pooled reductions in weight of 1.26 kg (95% confidence
interval [CI], —4.6 to —1.0) and in BMI of 0.5 kg/m2 (95%
CI, —0.8 to —0.2) in 1 meta-analysis. The evidence for
effects on other clinical risk factors was mixed.268

A WHO report recently reviewed the evidence for religious
congregation—based interventions to improve diet.>® These
were generally individual-focused interventions that were
housed in religious congregations rather than environmental or
population interventions per se. Most were based in black
congregations in disadvantaged US communities. The WHO
report concluded that the number of such studies was small but
that the evidence was relatively consistent for positive psycho-
social, behavioral, and/or risk factor changes. The report con-
cluded that using the existing social structure of a religious
community might facilitate adoption of changes towards a
healthy lifestyle, especially in disadvantaged communities.

In sum, the evidence suggests that worksite food or
beverage labeling or information alone may not be effective
but that the combination of such labeling or other prompts
together with environmental changes in available foods and
beverages can improve dietary habits (Table 6). Although
these worksite interventions appear promising, their interpre-
tation may be limited by weaknesses in methodology and
reporting: for example, often outcome measures were self-
reported, randomization processes were not described, or
interventions were nonrandomized.!2!.268

Workplace-Based Approaches to Improve

Physical Activity

Reviews of controlled trials that predominantly used infor-
mational and behavioral approaches to improve diet and
physical activity interventions are described above.!2!:267.268
Several other studies have focused on the workplace physical
environment (Supplementary Table 8).

In an observational study, men more often used stairs in a
worksite with visible staircases than in one with concealed
stairs; no differences were seen for women.2% In a natural
experiment, the combination of “skip-stop” elevators (stop-
ping at every third floor, requiring employees to take the
stairs to other floors) with changes to nearby stairs to make
them open and appealing resulted in a 33-fold increased use
of stairs, compared with a traditional elevator core and fire
exit stairs on the other side of the building.?’° Initially,
approximately one third of employees were satisfied with the
skip-stop system, one third were neutral, and one third were
dissatisfied. Two years later, approximately half were satis-
fied, one fourth neutral, and one fourth dissatisfied. The
evidence for effects of worksite signs or prompts to encour-
age stair use is reviewed in “Labeling/Information and
Physical Activity.”
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There is also interest in worksite fitness centers to improve
physical activity. In 1 cross-sectional observational analysis, the
presence of exercise facilities, lockers, and exercise programs at
the workplace were each associated with greater walking/steps
taken per day.?”! In another observational analysis, perceived
low quality of exercise facilities at the worksite fitness center
was associated with lower likelihood of membership.?> Consis-
tent with these observational findings, in a randomized interven-
tion, adding a new worksite fitness center or upgrading existing
worksite fitness centers was associated with increased physical
activity among employees.'?! In contrast, in another controlled
trial, the addition of a worksite walking track did not signifi-
cantly improve CVD risk factors.!?!

Worksite physical activity may also be increased without
fitness centers. In a 1-year intervention that provided 1 hour per
week at work for either resistance training or other general
activity (largely walking), self-reported physical activity was
unchanged, but both interventions improved percent body fat
and systolic blood pressure compared with controls.?”> A 10-
week worksite intervention that encouraged walking by means
of education and weekly email prompts increased walking by
~1800 steps per day compared with controls.>’+

In sum, the evidence suggests that certain workplace-based
interventions can increase physical activity, but the numbers
and types of studies that have assessed this topic in a rigorous
fashion are relatively limited (Table 6).

Workplace-Based Approaches to Reduce Tobacco Use
See “Direct Restrictions and Mandates.”

Workplace-Based Economic Incentives for Employees
and Businesses
See “Taxation, Subsidies, and Other Economic Incentives.”

Comprehensive Worksite Wellness Programs
The priorities for design of worksite wellness programs were

reviewed recently.'#¢ Such programs should include compo-
nents on tobacco cessation and prevention, nutrition educa-
tion and promotion, regular physical activity, stress manage-
ment/reduction, early detection and screening programs,
weight management, disease management, CVD education,
and changes in the worksite environment to encourage
healthy behaviors and promote occupational safety and
health.'4¢ Cultural sensitivity and targeting of higher-risk
employees are also important.

Several quasi-experimental studies and some randomized
trials have evaluated the effectiveness of comprehensive work-
site wellness programs (Supplementary Table 8).275-282 [n sum,
these studies provide relatively consistent evidence that such
programs improve health behaviors and related clinical risk
factors (Table 6). Examples of findings include improved diet
(increased consumption of fruits and vegetables, reduced con-
sumption of saturated fat and fatty meats), increased daily
activity and walking, reduced smoking (14% reduction), reduced
systolic blood pressure (=7 mm Hg reduction) and body fat (9%
reduction), and lower estimated global CVD risk (=13% reduc-
tion). Interventions targeting higher-risk employees appear es-
pecially effective. However, limitations were noted, including
inconsistent methodology across trials, often relatively small
sizes (n<<400), and short durations of follow-up (typically <6

months, with a few studies having a follow-up of 12-18
months). Under the Patient Protection and Affordable Care Act,
by 2013 the CDC will release a report based on employer data
that will analyze the effectiveness of worksite wellness
programs.

Local Environmental Changes

(Community Settings)

In addition to school and workplace environments, increasing
attention is being devoted to how the local community environ-
ment may influence behaviors. The local environment has been
variably defined, including as a small area immediate and unique
to individuals (eg, based on a maximum linear or travel dis-
tance); as a larger area shared by many individuals, typically
administrative units; or as a “residential environment” or “neigh-
borhood” without specifying a definitive boundary. In addition
to targeting overall population behaviors, interventions on com-
munity or neighborhood environments could also be relevant for
reducing disparities, given the often less favorable local envi-
ronments near homes and schools of disadvantaged subgroups.

Local Environmental Change for Diet
(Community Settings)
Research on the local food environment has generally fo-

cused on accessibility to food outlets, including supermar-
kets, grocery stores, convenience stores, fast-food restaurants,
and full-service restaurants (Supplementary Table 9). Some
studies have also assessed in-store availability of foods and
participation in farmers’ markets or community gardens.

All identified studies of local accessibility to types of food
outlets were observational. Some studies were broadly re-
gional and did not assess neighborhood-specific associa-
tions.?83 Most studies typically evaluated 1 or more
neighborhood-level characteristics of food outlets, including
presence (yes/no), number, density per capita, and distance
from home. Analyses typically adjusted for both individual-
level and other neighborhood-level characteristics to mini-
mize the potential effects of confounding. Nearly all studies
were cross-sectional, with only a few longitudinal analyses.

Four larger cross-sectional studies found that greater accessi-
bility to neighborhood supermarkets (presence, number, or distance)
was associated with more healthful dietary habits?$4-287; 1 small
cross-sectional study?® and the only large longitudinal study?8°
did not. Seven cross-sectional studies in both adults and children
found that greater accessibility to neighborhood supermarkets
(presence, number, or distance) was associated with lower
prevalence of adiposity?*°-297; 1 county-level (ecological) study
did not.>*® In 2 of these studies,?$+2°2 relationships were stronger
in blacks than in whites. One small longitudinal study (n=353)
found no significant relation between neighborhood supermar-
kets and 3-year risk of overweight/obesity or change in BMI z
score in young girls.>*® Overall, most of these studies, although
cross-sectional, found links between neighborhood supermarkets
and better diets or lower adiposity.

Fewer studies have evaluated associations for neighborhood
grocery stores or convenience stores. Among studies evaluating
accessibility to grocery stores, 1 small study found no associa-
tions with fruit or vegetable consumption,?®® and 5 of 6 studies,
including 1 longitudinal study, found no associations with
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adiposity.!73:290,292,293,298,300 Tp 2 smaller studies, living closer to
a neighborhood convenience store was associated with more
healthful dietary habits among women?®> but less healthful
dietary habits among adolescent boys.?®® Four of 6 studies,
including 1 longitudinal study, found that greater accessibility to
a neighborhood convenience store was associated with more
adiposity or diabetes mellitus.!73-290.292,293,298.299 Ty an analysis in
Japan, a greater local density of mixed types of stores (super-
markets, grocery, bakeries, etc) was positively associated with
consumption of confectioneries and bread but not meats, fish,
fruits and vegetables, or rice.3°! These studies together provide
inconsistent evidence for relations of grocery or convenience
stores with diet or risk factors.

A few cross-sectional studies have assessed the relation of
neighborhood fast-food restaurants to dietary habits, with gen-
erally null associations.?84288.302 In | longitudinal analysis, the
number of neighborhood fast-food restaurants per capita was
associated with fast-food consumption only among low-income
younger adults.?8® Many more studies have evaluated how
accessibility to fast-food restaurants relates to adiposity. Most
did not find any significant relation between neighborhood
accessibility (number, distance, or density) to fast-food restau-
rants and prevalence of adiposity in either adults or chil-
dren.!73.291,293,204,299,303-305 Exceptions include analyses using the
BRESS, in which higher per capita density of fast-food restau-
rants was associated with higher BMI and prevalence of obe-
sity3°¢ and diabetes mellitus>*® in adults. In a US study among
pregnant women from 3 states, the presence of a fast-food
restaurant close to home (within 0.8 km) was associated with
greater weight gain,®®’ and in a regional Canadian survey, a
higher ratio of fast-food restaurants and convenience stores to
grocery stores was associated with a higher prevalence of
obesity in adults.?*8 In Portland, OR, adults who lived in
neighborhoods with a high density of fast-food restaurants and
visited these restaurants regularly (at least once per week) had a
higher prevalence of obesity3* and weight gain over time3'°; the
inference for built-environment effects is limited in this study by
the latter condition of regular visits. A regional analysis in
Canada found that higher per capita density of fast-food restau-
rants was associated with higher total mortality and admissions
for acute coronary syndromes.?!' In sum, with some exceptions,
most studies did not find evidence for relations of neighborhood
fast-food restaurants with diet or risk factors.

A small number of cross-sectional studies have evaluated how
accessibility of fast-food restaurants around school (rather than
home) relates to adiposity in children.307312 These studies found
that the presence of a fast-food restaurant near school (=0.8 km)
was associated with a higher BMI and prevalence of
overweight/obesity. Few studies have investigated the relation of
non—fast-food restaurants with diet-related behaviors. Some
cross-sectional studies assessed the relation of neighborhood
full-service restaurants with dietary habits, with generally null
associations.?$+288 In 2 separate cross-sectional analyses using
20062007 BRFSS data, a higher per capita density of full-
service restaurants was associated with a lower BMI and lower
prevalence of obesity??%-3% and diabetes mellitus.?*8 Overall, the
evidence for effects of fast-food restaurants near school or
non—fast-food restaurants near home remains generally limited.
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Only a few identified cross-sectional studies evaluated
whether neighborhood in-store availability of foods, typically
assessed by shelf space, related to dietary habits or adiposity.
Among 4 studies, positive correlations were generally seen only in
unadjusted (crude) analyses for self-reported consumption of vari-
ous foods and corresponding shelf space in supermarkets.3'3-31¢ In
2 studies that evaluated metabolic risk markers, after multivari-
able adjustment, including for race/ethnicity, neighborhood
availability of healthier foods was not significantly associated
with insulin resistance or adiposity; greater shelf space for
energy-dense snack foods was positively associated with
BMI.317318 In sum, these findings do not permit strong conclu-
sions about causal effects of in-store relative food space or
availability; proprietary industry research on this topic has been
extensive and would be helpful if released.

Several studies have considered local farmers’ markets in
relation to consumption of fruits and vegetables (Supplementary
Table 9). Most did not evaluate built-environment accessibility
but rather participation in voucher or coupon programs to
purchase produce at these markets, most often as part of the
Farmers’ Market Nutrition Program for women enrolled in WIC
or similar seniors’ farmers’ market programs.>'*320 A handful of
cross-sectional and quasi-experimental studies found that WIC
participants receiving such vouchers because of enrollment in
the Farmers’ Market Nutrition Program reported eating more
fruits and vegetables. A small, uncontrolled community inter-
vention found that implementation of summer farmers’ markets
that included vouchers to community members, direct youth
participation, and education led to positive attitudes toward such
markets as both a learning opportunity and exposure to fresh
foods for children.?! Overall, these studies provide some limited
evidence that initiatives that provide vouchers for purchasing
fruits and vegetables at farmers’ markets increase consumption
of fruits and vegetables. These findings provide additional
support for the effectiveness of subsidies for more healthful
foods (“Food Pricing: Direct Taxes or Subsidies” section) but
not on the potential impact of local environmental changes.

Two cross-sectional ecological analyses used the USDA Food
Environment Atlas, an online mapping tool of various food
outlets in US counties, to assess the per capita density of
farmers’ markets in relation to the prevalence of adult obesity
and/or diabetes mellitus across US counties.?®”-2°8 Neither anal-
ysis found a significant independent relation between the density
of farmers’ markets and prevalent obesity; 1 analysis observed a
significant inverse association with prevalent diabetes melli-
tus.°¢ A small longitudinal study among young girls in northern
California found mixed results for neighborhood farmers’ mar-
kets and 3-year risk of adiposity.>®® Availability of farmers’
markets within 0.4 km of home was not associated with risk of
overweight/obesity or change in BMI z score; availability within
1.6 km of home was inversely associated with overweight/
obesity (odds ratio [OR]=0.22; 95% CI, 0.05-1.06) but not with
a change in BMI z score.

A few cross-sectional studies or small pre/post studies have
found that participation in a community garden program is
associated with higher self-reported consumption of fruits
and vegetables.>?2324 These studies compared individuals
who were or were not participating in these gardens within
each community rather than neighborhood or community
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Table 7. Local Environmental Change (Community Settings)*

Class/Evidence Grade

Diet Increased availability of supermarkets near homes lla Bt
Increased availability of grocery stores near homes IIb B
Reduced availability of convenience stores near homes IIb B
Reduced availability of fast-food restaurants near homes IIb B
Reduced availability of fast-food restaurants near schools IIb B
Changes in in-store availability of healthier or less healthy foods IIb B
Increased availability of farmers’ markets IIb B
Increased availability of community gardens IIb C

Physical activity Improved accessibility of recreation and exercise spaces and facilities (eg, building of parks and lla B

playgrounds, increasing operating hours, use of school facilities during nonschool hours)

Improved land-use design (eg, integration and interrelationships of residential, school, work, lla B

retail, and public spaces)

Improved sidewalk and street design (eg, network of sidewalks, street crossings, and bike lanes lla Bf

to create a safe and comfortable environment that connects to schools, parks, and other IIb B

destinations)

Improved traffic safety lla B

Improved personal safety (eg, crime related) IIb B

Improved neighborhood aesthetics (eg, appeal, greenness, cleanliness, enjoyable scenery) lla B§
IIb B

Improved walkability (composite indicator of land-use mix, street connectivity, pedestrian lla B

infrastructure, aesthetics, traffic safety, and/or crime safety)

Smoking|| Reducing density of retail tobacco outlets around homes and schools B
Development of community telephone lines for cessation counseling and support services I A

*Nearly all of the evidence for these local environment approaches is derived from cross-sectional studies only. Several of these strategies overlap with other
population approaches and could be categorized in multiple areas (other Tables). Given the scope of topics covered in this report, the writing group could not review
evidence for every type of intervention, eg, community building codes to require access to and maintenance of drinking water fountains (evidence for school-based
drinking water policies is summarized in Table 6); community group-based physical activity programs or classes; financial incentives or disincentives for remote or

nearby parking and drop-off zones.

1Based on cross-sectional studies only; only 2 longitudinal studies have been performed, with no significant relations seen.
flla B for presence and better quality of sidewalks or biking paths for increasing active commuting to school by children. Ilb B for street connectivity and active
commuting by children, sidewalks or street design and overall physical activity in children, and sidewalks or street design and physical activity by adults.

§lla B for adults; llb B for children.

|ISee Table 8 for smoking restrictions or better enforcement of existing restrictions in schools, workplaces, or other public places.
{IThis strategy has been tested largely in individual-based randomized controlled trials within communities. The writing group identified 1 additional controlled trial

that tested this strategy by randomizing communities.

availability of such gardens, and thus, the findings do not
inform relevance for local environmental change.

Overall, nearly all of these environmental studies, including
those for supermarkets, were cross-sectional, which limits infer-
ences about the direction of the associations (ie, whether food
outlet accessibility influenced the health-related behavior or vice
versa). Currently, there is still minimal prospective observational
or quasi-experimental evidence that altering locations of food
outlets will make an impact on the purchase of healthy foods. In
the United Kingdom, for example, randomized controlled stud-
ies on placement of supermarkets in low-income food deserts
altered where shopping was done but did not affect food
purchasing patterns.323-326 Further research, including more
rigorous study designs, is needed to evaluate the effects of
the neighborhood food environment, around both home
and school, on dietary behaviors.

Nonetheless, public policy has moved rapidly, and several
initiatives provide financial incentives to encourage building of
new supermarkets in impoverished areas. For instance, the New
York City Food Retail Expansion to Support Health (FRESH)

program provides both zoning and financial incentives to en-
courage grocery stores to locate in some of the most underserved
neighborhoods with primarily pedestrian-oriented local shop-
ping districts. In Pennsylvania, the Fresh Food Financing Initia-
tive provided grants and loans to increase the number of
supermarkets or grocery stores in underserved state communi-
ties. The impact of these and similar programs on dietary
behaviors, health outcomes, and economic indexes is not yet
known; a limited set of evaluations is currently ongoing. The
Obama administration has prioritized this initiative to address
food deserts, and the Treasury Department announced a $25
million notice of funds availability for the Healthy Food Financ-
ing Initiative to take this program nationwide. Rigorous evalu-
ation of the impact of such programs on food purchasing and
eating habits is needed.

In sum, our understanding of the impact of local store
availability on food selection and diet, including among
populations with limited resources, is at an early stage (Table
7). Recent IOM and USDA reports concluded that the
availability of local supermarkets was cross-sectionally asso-
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ciated with healthier choices and fewer CVD risk factors but
that causal inference was limited, without strong evidence that
placement of a new food outlet that offers healthy choices will
improve the diet of people in these communities.325-327-329
Similarly, the writing group found that the most consistent
evidence for associations of community environment with
diet was seen for accessibility of home to supermarkets, with
greater access cross-sectionally linked to more healthful
habits and less adiposity in both adults and children. Findings
for grocery stores or convenience stores were mixed. For
neighborhood fast-food restaurants, little evidence was iden-
tified for associations with dietary habits, and studies of
adiposity were quite mixed, with the majority showing no
associations. A limited number of studies that evaluated
school-related (rather than home-related) fast-food restau-
rants found positive associations with students’ adiposity.
Local supermarket shelf space for various foods was gener-
ally not associated with consumption of these foods or with
metabolic risk markers in a handful of studies. Evidence for
the effects of neighborhood farmers’ markets or community
gardens on diet or diet-related risk factors was quite limited.

Local Food Environment and Disparities
Local food environments are related to disparities. For

example, using 2001 sanitation department and geographic
information systems data, Block et al mapped all fast-food
restaurants in New Orleans, LA.33° After adjustment for other
neighborhood characteristics, each 10% higher density of
fast-food restaurants was associated with 4.8% lower neigh-
borhood income and 3.7% higher proportion of black resi-
dents. Predominantly black neighborhoods had 1 additional
fast-food restaurant per every 2.59 square kilometer (1 square
mile) compared with predominantly white neighborhoods.
Similar findings were seen in St Louis, MO,33! and South Los
Angeles, CA,33? where fast-food restaurants were more
densely located in lower-income urban neighborhoods. In the
latter analysis, more affluent areas also had significantly
greater availability of healthier restaurant options in terms of
both preparation methods and menu choices.

In a review of 54 US studies published between 1985 and
2008 on neighborhood differences in access to food, residents
of low-income, minority, and rural neighborhoods generally
had less access to supermarkets and healthful foods.?® For
example, in a national study of >28 000 US ZIP codes,
Powell et al found that low-income neighborhoods had fewer
chain supermarkets than middle-income neighborhoods, al-
though they also had more nonchain supermarkets and
grocery stores.*3* After adjustment for income and other
covariates, predominantly black communities had approxi-
mately half as many chain supermarkets as predominantly
white communities, and predominantly Latino communities
had approximately one third as many as did largely non-
Latino communities (P<<0.01 each).

A systematic review evaluated 45 observational studies
published between January 1995 and January 2009 that
assessed various built-environment factors and obesity in
disadvantaged individuals or areas in the United States.33*
The authors concluded that access to supermarkets, rather
than only grocery or convenience stores, was 1 of 3 neigh-

Population Approaches to Diet, Activity, and Smoking 1539

borhood factors with the strongest evidence for inverse
associations with adiposity and related lifestyle behaviors in
disadvantaged populations (the others were availability of
places to exercise and safety). The authors also concluded
that disadvantaged populations were more likely to live in
neighborhoods with suboptimal availability of food stores,
places to exercise, aesthetic characteristics, and traffic or
crime-related safety.

Fewer studies have been performed outside the United
States. In an analysis in Glasgow, Scotland, the mean densi-
ties of restaurants, fast-food restaurants, cafes, and takeaway
outlets were significantly lower in both the most and least
affluent neighborhoods compared with more average neigh-
borhoods.?3> In a much broader analysis across the United
Kingdom, neighborhood deprivation, as defined by a com-
pound measure of income, employment, health, education,
and housing, was positively associated with per capita density
of McDonald’s outlets in both Scotland and England
(P<<0.001).33¢

In sum, local food environments appear related to neigh-
borhood socioeconomic status in a variety of populations.
The effects of interventions on disparities in these food
environments or whether neighborhood disparities or socio-
economic status modifies the efficacy of such interventions
are still unknown.

Local Environmental Change for Physical Activity
(Community Settings)
A growing number of studies have evaluated the potential

impact of the community environment on physical activity
and activity-related risk factors, including in urban and rural
settings and among children, adolescents, and adults (Supple-
mentary Table 10a—f). The writing group identified many
recent systematic or narrative reviews of these topics, gener-
ally composed of cross-sectional observational studies with
few longitudinal studies included. Given the array of smaller
cross-sectional observational studies that were already cap-
tured in the identified reviews, in additional systematic
searches for original articles published after 2007, the writing
group focused on additional studies that were randomized
trials, quasi-experimental studies, longitudinal studies, or
large (n>5000) cross-sectional studies.

In evaluating neighborhood environment and physical
activity, metrics of interest have included accessibility of
recreation or exercise spaces and facilities; land-use design
(eg, integration of residential, work, retail, and public spaces;
interrelationships of destinations such as homes, worksites,
schools, and shopping areas); sidewalks and street design;
crime and safety; and aesthetic conditions such as greenness
or cleanliness. Several studies also evaluated composite
variables, such as walkability, to incorporate several of
these metrics simultaneously. These various characteristics
have been assessed on the basis of individual perception
(self-report), direct observation (eg, from community au-
dits), or existing databases in combination with geographic
information systems. Outcomes in these studies have
included leisure-time recreation and exercise, utilitarian
transport or travel, occupation-related physical activity,
and adiposity.
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Accessibility of Recreation or Exercise Spaces
and Facilities
Many studies have evaluated accessibility to recreation or

exercise spaces and facilities such as parks, playgrounds,
bikeways, and sports facilities (Supplementary Table 10a).
Among adults, greater accessibility was generally, although
not always, associated with more physical activity.?8337-342
Examples of factors linked to greater physical activity in-
cluded access to local parks and bicycle paths, the presence of
facilities on frequently traveled routes, and neighborhood
density of public and private facilities.>* In 1 meta-analysis,
after adjustment for age, income, and education, the presence
of physical activity facilities was positively associated with
physical activity assessed as a binary factor (eg, any walking,
sufficient walking, sufficient leisure-time activity) (OR=1.20;
95% CI, 1.06-1.34).340 In a review of 13 cross-sectional
studies among children, greater accessibility was positively
associated with physical activity in 9 of 13 studies, at least in
some subgroups, particularly among girls.?** Interestingly, all
studies assessed the neighborhood availability of facilities,
not whether children or parents actually used these facili-
ties.>? In contrast to these findings, a review of studies
published through 2004 concluded that availability or acces-
sibility of physical activity equipment, facilities, and pro-
grams was unrelated to physical activity levels in youth.34*
Cross-sectional and longitudinal analyses from the National
Longitudinal Study of Adolescent Health suggest some pos-
itive associations between green space coverage or availabil-
ity of physical activity facilities and physical activity among
US adolescents but with somewhat varying findings, depend-
ing on the environment measure, the physical activity out-
come, and sex.345-348

Adiposity has also been evaluated as an outcome.342349.350
In a review of cross-sectional studies that directly measured
body weight in adults or children, 2 of 3 studies in adults
observed that shorter distance to or greater density of fitness
facilities was associated with lower BMI, prevalence of
overweight, and calculated 10-year risk of CHD.34° In a
cross-sectional analysis in a multiethnic US cohort, perceived
availability of neighborhood facilities and spaces for exercise
was independently associated with lower insulin resis-
tance.>'” Among youth, 2 studies found inverse associations
between the number of facilities and risk of overweight; 2
studies evaluating distance found no relation to over-
weight.34° In a systematic review, children’s own (but not
their parents’) reported accessibility to physical activity
facilities and bike/walking trails was inversely associated
with adiposity outcomes in several studies.?>°

A systematic review of 45 US studies on built-environment
factors and obesity in disadvantaged populations concluded
that availability of places to exercise was 1 of 3 neighborhood
factors with strong evidence for inverse associations with risk
of adiposity and related lifestyle behaviors.?** The 2009
IOM report Local Government Actions to Prevent Childhood
Obesity recommended that neighborhood accessibility to
parks, playgrounds, and public and private recreational facil-
ities be increased.'#” Suggested interventions included build-
ing and maintaining parks and playgrounds close to residen-
tial areas; improving access to public and private recreational

facilities through increased operating hours and development
of culturally appropriate activities; and establishing joint use
of facilities agreements to allow school playing fields, play-
grounds, and recreation centers to be used by the community
when schools are closed.

In sum, greater access to recreation and exercise spaces and
facilities is relatively consistently linked to greater physical
activity and lower adiposity or other metabolic risk factors
(Table 7). However, nearly all the evidence is cross-sectional,
which limits inferences about causality, and additional pro-
spective, quasi-experimental, and cluster-randomized studies
are needed.

Land-Use Mix/Locations and Accessibility of Destinations
The evidence for how land-use design might influence

physical activity or adiposity is summarized in Supplemen-
tary Table 10b. Several recent systematic reviews evalu-
ated how land-use mix might influence physical activity in
children.!47-334.350-355 Each of these reviews identified only
a handful of observational studies, all cross-sectional.
Most studies evaluated overall land-use mix, quantified on
the basis of varying metrics incorporating the types,
variety, and physical interrelationships of land use (eg,
residential, school, entertainment, retail, office) near
home. A few studies evaluated simpler metrics, such as
distance to school from home, in relation to children’s
active commuting (walking or biking to school). Across all
these systematic reviews, 5 of 6 original studies found a
positive relation between overall land-use mix and chil-
dren’s physical activity; in 5 of 8 studies, between overall
land-use mix and children’s active commuting; and in 3 of
3 studies, between distance from home to school and
children’s active commuting. After adjustment for con-
founders, magnitudes of these relationships often remained
quite large (eg, OR 2- to 3-fold or greater), especially for
active commuting. Four recent systematic reviews evalu-
ated the evidence for associations between land-use mix
and childhood adiposity.350:351.355.356 Only 3 unique studies
were identified by these reviews, all cross-sectional obser-
vational analyses, including 2 studies in southern Califor-
nia (n=799, n=98) and 1 study in Canada (n=501). None
observed significant relations between land-use mix and
BMI or overweight/obesity in children. One longitudinal
analysis among US adolescents found no significant rela-
tion between land-cover diversity and moderate to vigor-
ous physical activity.?#¢ The writing group did not identify
any additional recent randomized trials, quasi-
experimental studies, longitudinal studies, or large
(n>5000) cross-sectional studies of these relationships
among youth published after 2007.

Several recent systematic reviews evaluated the relation between
land-use mix and physical activity in adults.334.337.338,340,351,352,357-359
These reviews collectively identified 18 original investiga-
tions, all cross-sectional observational studies; our further
searches identified a few more recent large cross-sectional
studies.?’! Nearly all found significant positive associa-
tions, often with substantial magnitudes of associations
(eg, OR in the 2- to 3-fold range or higher). Only 1 small
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longitudinal investigation was identified, which evaluated
walking in 32 low-income women who, based on a housing
program, moved to either a suburban neighborhood or a
neotraditional neighborhood (ie, small lots, modest setback
distances, front porches, sidewalks, etc).3°© Among multi-
ple land-use metrics evaluated, an increase in the popula-
tion density of service-related jobs after the move was
associated with fewer steps walked; changes in other
land-use metrics were not significantly associated with
walking. Cross-sectional studies of land-use mix and
adiposity in adults are consistent with the findings for
physical activity. Of 6 original investigations identified
across multiple systematic reviews,334.337.351.352 4 investi-
gations observed independent inverse relations between
land-use mix and BMI or overweight/obesity, and 2
investigations observed nonsignificant trends toward such
inverse associations.

In sum, multiple cross-sectional studies in different
population groups have observed relatively consistent and
robust relationships between more diverse land-use mix,
that is, the presence of greater number and diversity of
destinations near the home, and physical activity in both
children and adults (Table 7). The magnitude of many of
these associations makes it less likely that residual
confounding could fully explain the relations. However,
although a cross-sectional relation is clearly present, the
design of these studies precludes inference about the
direction of the association; for example, families who
prefer to walk and be active could be selecting neighbor-
hoods with more diverse land use rather than land-use mix
altering physical activity. In adults, studies of land-use mix
and adiposity are consistent with physical activity find-
ings; similar studies in children did not find relations with
adiposity but were limited in number and sample size.

Sidewalks and Street Design
The design of sidewalks and streets may influence physical

activity. Characteristics of interest have included availabil-
ity and quality (eg, the presence of shoulders) of sidewalks
and walking paths and street connectivity, a measure of
ease of travel and provision of alternate routes for active
commuting. Studies of these factors and physical activity
or adiposity are summarized in Supplementary Table 10c.
The writing group identified multiple recent systema-
tic reviews of sidewalk or street design and active
commuting to school and/or general physical activity in
children.!47,334.338,343,353,.354.361  (Collectively, these reviews
included 8 cross-sectional studies that evaluated the presence
of sidewalks or biking paths: 5 of 6 of these studies observed
positive relations with active commuting to school, but
only 1 of 3 studies observed positive relations with general
physical activity. These reviews also identified 5 cross-
sectional studies that evaluated street connectivity: 1 of 2
studies found positive relations with active commuting to
school and 2 of 3 studies with general physical activity.
The writing group also identified 1 additional cross-
sectional study and prospective study from 1 large US cohort
of adolescents34¢-348 and 2 additional prospective studies from
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1 relatively small (n<<500) cohort of children and adolescents
in Melbourne, Australia.?¢2363 In the US cohort, street con-
nectivity was positively related to moderate to vigorous
physical activity in cross-sectional analyses, with variation by
urbanization and by sex,3*8 but was unrelated to moderate to
vigorous physical activity in longitudinal analyses.?*¢ In the
Australian cohort, the extent of sidewalks and walking paths
near home was positively correlated with changes in active
commuting over time in girls but not in boys3°?; however,
these findings were not adjusted for covariates. Intersection
density, a measure of better street connectivity, was posi-
tively correlated with changes in active commuting over time
in adolescent boys but not in younger boys or in girls. In
adjusted analyses in this cohort, parental perceptions of better
pedestrian crossings were associated with a 2.5-fold greater
increase in overall active commuting to school over 2 years of
follow-up.3¢3 Only 1 quasi-experimental analysis was identi-
fied, which found that California children whose route added
a new Safe Routes to School construction project increased
both their active commuting to school and general walking
compared with children whose route did not have a Safe
Routes to School project added. Two recent systematic
reviews3#9-3% identified only 2 cross-sectional studies of
street connectivity and childhood obesity; neither found a
significant association. No additional randomized trials,
quasi-experimental studies, longitudinal studies, or large
(n>5000) cross-sectional studies published after 2007 were
found of these relationships in children.

The writing group evaluated multiple recent reports that
systematically reviewed the literature for sidewalk and street
design and physical activity in adults.334.337.338,340,351,357,359.361
In addition to evaluating original investigations, several
reports also included multiple earlier reviews.338.351.359 Some
studies focused on rural populations337 and others on minority
subgroups.?>” All investigations identified by these reviews
were cross-sectional observational studies. End points in-
cluded walking (overall, for commuting, and for recreation),
exercise, and overall physical activity. Although virtually all
of the reviews concluded that the presence or quality of
sidewalks and street connectivity was positively linked to
physical activity in adults, findings from the original inves-
tigations were much more mixed (Supplementary Table 10c).
Overall, fewer than half of the original studies found signif-
icant associations between sidewalks or street connectivity
and various physical activity outcomes, and in studies report-
ing positive associations, these were sometimes only seen for
certain characteristics of sidewalks or street connectivity,
certain types of activity, or certain subgroups of the popula-
tion, without any clear pattern across studies.

The writing group identified 2 prospective studies and 1
quasi-experimental study published after 2007. Among 357
women in Melbourne, Australia, sidewalk availability was
not significantly related to walking for leisure or transport
over 2 years’ follow-up.?** Among 5115 US young adults,
neighborhood street density was positively associated with
walking, bicycling, and jogging in low-urbanicity areas but
not in middle- or high-urbanicity areas.?¢> In Knoxville, TN,
neighborhood physical activity and active commuting to
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school were directly observed before and after construction of
an urban greenway/trail in 1 neighborhood and in 2 control
neighborhoods that did not receive a trail.>%¢ Total neighbor-
hood physical activity significantly increased in the interven-
tion neighborhood and decreased in control neighborhoods
(P<0.001); active commuting did not change.

Recent systematic reviews identified 4 cross-sectional studies of
sidewalk availability and adiposity in adults.?3+337349367 Findings
were mixed, with no significant associations among adults in
the rural southern United States or Hispanic adults in Texas
and inverse associations among urban US adults and Austra-
lian adults. Only 1 cross-sectional study of street connectivity
and adiposity was included, which found no significant
associations with obesity in a large study of US adults. The
writing group did not identify additional randomized trials,
quasi-experimental studies, longitudinal studies, or large
(n>5000) cross-sectional studies of these relationships in
adults published after 2007.

In sum, there is mixed evidence for a relation between
sidewalks or street design and physical activity or adiposity in
adults, with several studies finding associations but many
others not and nearly all findings coming from cross-sectional
studies (Table 7). Among children, the presence and greater
quality of sidewalks or biking paths were more consistently
linked to increased active commuting to school in cross-
sectional studies, supported at least in part by 1 prospective
study and 1 quasi-experimental analysis. Relatively few
studies have evaluated sidewalks and general physical activ-
ity in children, street design and general physical activity or
active commuting in adults, or sidewalks or street design and
adiposity in adults, which limits conclusions about these
relations.

Neighborhood Safety and Crime
Many observational studies have evaluated whether safety or

crime in a community environment is linked to physical
activity (Supplementary Table 10d). Several recent narrative
or systematic reviews have assessed this topic for children’s
physical activity, with many of these reviews identifying the
same overlapping sets of original individual stud-
ies.147,343,344,353-355,368 371 Nearly all studies identified in these
reviews were cross-sectional; a handful were longitudinal. In
the great majority of studies, parental perceptions of overall
neighborhood safety were positively associated with chil-
dren’s physical activity. When different aspects of safety
were evaluated, most studies evaluating traffic safety (eg,
related to aspects of road or pedestrian crossings) observed
positive relationships with children’s physical activity. Rela-
tively fewer studies in these reviews evaluated neighborhood
crime or perceived personal danger (eg, from strangers). For
self-reported measures of crime or personal danger, findings
were often mixed and nonsignificant. In 2 studies using
objective measures of neighborhood crime, significant in-
verse associations with children’s physical activity were seen.
Fewer studies in these reviews evaluated traffic safety or
crime and active commuting to school by children, with most
studies finding no significant association.>>3> Two recent
systematic reviews evaluated the relation between neighbor-
hood safety and various measures of childhood adipos-

ity.3353%¢ Findings were mixed, and most studies did not find
significant associations.

In searches for additional experimental studies, longitudi-
nal studies, or large (n>5000) cross-sectional studies pub-
lished after 2007, several prospective studies were identified,
including studies based on data from the Australian Children
Living in Active Neighborhoods Study3¢2:3¢3:372 and the US
National Longitudinal Study of Adolescent Health34¢ (Sup-
plementary Table 10d). In the Australian studies, various
parentally perceived and objectively measured neighborhood
traffic safety characteristics were assessed in relation to 2- to
5-year changes in parentally reported or self-reported physi-
cal activity and active commuting, in physical activity as-
sessed by accelerometer, and in BMI z score. In some
analyses, associations were seen for certain neighborhood-
activity relationships, at least in some age- or sex-specific
groups. For example, the number of traffic/pedestrian lights
and total length of walking paths were positively associated
with changes in active commuting among girls 8 to 9 years of
age, and parental perception of no traffic lights or pedestrian
crossings was associated with a lower frequency of increased
active commuting to school. However, these and other
parental perceptions as well as other evaluated metrics, such
as total length of busy versus local roads or number of
intersections, were not associated with increased physical
activity or commuting in other sex or age groups or with
objectively measured 5-year changes in physical activity or
BMI z score. In the US study, neighborhood crime safety
(rates) were found to be inversely related to bouts of moderate
to vigorous physical activity in both males and females.34¢

Four systematic reviews evaluated how neighborhood
safety relates to physical activity in adults (Supplementary
Table 10d).337359.373.374 The identified studies were generally
cross-sectional. The large majority of studies in these reviews
found that perceived or objective measures of safety were
positively associated with physical activity, including among
women and men, and with use of parks and park activities.
Among studies that evaluated only walking, rather than
overall physical activity, a minority found significant associ-
ations with attributes of neighborhood safety.?%® A systematic
review of 45 observational studies on various built-
environment factors and obesity in disadvantaged US popu-
lations concluded that neighborhood safety was 1 of 3 factors
with the strongest evidence for inverse associations with risk
of adiposity and related lifestyle behaviors.334

In sum, the evidence indicates that parental perceptions of
overall neighborhood safety are cross-sectionally linked to
children’s physical activity, with greater evidence for safety
issues related to traffic and road conditions than to crime,
except in a few studies that used objective measures of the
latter (Table 7). Although the writing group’s review found
mixed evidence for the relation of neighborhood crime to
physical activity or adiposity in children, a 2009 IOM report
recommended community policing strategies to improve the
safety and security of streets and parks, especially in higher-
crime neighborhoods, to reduce the risk of childhood obe-
sity.'#7 This report also recommended several interventions to
improve traffic safety, including the Safe Routes to School
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programs, to allow more children to safely walk or ride a
bicycle to school; traffic enforcement programs to improve
safety for bicyclists; and retrofitting streets to reduce vehicle
speeds, accommodate bicyclists, and improve the walking
environment. In adults, the writing group found perceived or
objective measures of neighborhood safety to be consistently
associated with physical activity and use of parks. A handful
of longitudinal studies provide some limited support for these
findings, although the heterogeneity of observed results does
not allow strong conclusions in this regard. No interventional
or quasi-experimental studies were identified.

Aesthetic Conditions
Several studies have evaluated whether neighborhood aes-

thetics such as vegetation or green space, enjoyable scenery,
and physical disorder (eg, garbage, broken glass) are linked to
physical activity or adiposity (Supplementary Table 10e).
Recent systematic reviews collectively evaluated ~20 cross-
sectional studies, approximately half in children and half in
adults.334337,339.354.356 I children, findings were relatively
limited and mixed. For example, among 6 cross-sectional
studies published since 2006, different neighborhood charac-
teristics, including greenness, physical disorder, and enjoy-
able scenery, were evaluated by no more than 3 studies each;
outcomes also varied, including active commuting, overall
physical activity, or adiposity. Only approximately half of the
investigated relationships were statistically significant, with-
out clear patterns across different types of neighborhood
characteristics or outcomes. In a prospective analysis by Bell
and colleagues among nearly 4000 children in Indiana,
objectively quantified neighborhood greenness was inversely
associated with BMI z score over 2 years’ follow-up.3>°

In adults, few studies evaluated greenness or physical
disorder, with mixed results. In contrast, many cross-sectional
studies evaluated general aesthetics or enjoyable scenery, and
nearly all found relations with more favorable physical
activity or adiposity measures (Supplementary Table 10e).
Other reviews evaluating either original studies or reviews
published before 2006 concluded that cross-sectional studies
demonstrate associations between various metrics of neigh-
borhood aesthetics and physical activity or walking in
adults.28‘338’359

In sum, better general aesthetics of neighborhoods appear
positively related to physical activity among adults, with less
consistent findings among children (Table 7). However, nearly
all of the studies have been cross-sectional, which limits infer-
ence about causality. Additional prospective, quasi-
experimental, and cluster-randomized studies are needed.

Walkability
Walkability represents a composite indicator of various local

neighborhood characteristics, such as land-use mix, street con-
nectivity, pedestrian infrastructure, aesthetics, and traffic or
crime safety. As with other local environmental factors reviewed
in this report, nearly all evidence for relation with physical
activity or adiposity is derived from cross-sectional studies
(Supplementary Table 10f). Although the numbers of studies
were relatively limited, nearly all found either self-reported or
geographic information systems—assessed indexes of walkability
to be positively associated with physical activity, including
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objective measures of physical activity.?8:334.338,351,352.359 Few
studies evaluated walkability and adiposity in either children or
adults, with a minority of these observing positive
ﬁndings'349—352,355,358,359

In sum, cross-sectional observational studies identify con-
sistent positive associations between walkability and physical
activity in children and adults (Table 7). Studies of walkabil-
ity and adiposity are fewer and inconsistent.

Local Environmental Change to Reduce Smoking
(Community Settings)
Community strategies to alter the environment to reduce

smoking have most commonly involved smoking restrictions.
The evidence for effectiveness of smoking restrictions or
better enforcement of existing restrictions in schools, work-
places, or other public places is discussed in “Direct Restric-
tions and Mandates.”

Density of Tobacco Retail Outlets
Several studies have evaluated the relation between density of

tobacco retail outlets around homes or schools and smoking
behaviors (Supplementary Table 11). Several cross-sectional
studies in both youth and adults have demonstrated positive
associations between density of or distance to neighborhood
tobacco retail outlets and prevalence of smoking.37>-379 Sim-
ilar findings have been observed for tobacco retailers around
schools.380:381 For example, among 24 875 students from 135
randomly selected California high schools, the absolute
prevalence of current smoking was 3.2% higher at schools in
neighborhoods with the highest tobacco-outlet density (=5
outlets within 0.8 km) than in neighborhoods with no tobacco
outlets.®! In this cohort, the density of retail cigarette
advertising in school neighborhoods was also associated with
higher school smoking prevalence.

In sum, the density of tobacco retail outlets around both
homes and schools is consistently associated with greater
smoking (Table 7). Only cross-sectional studies were identi-
fied rather than longitudinal or interventional (eg, quasi-
experimental) studies of these relationships.

Community Telephone Quit Lines
Community services, such as telephone counseling, may

assist with smoking cessation (Supplementary Table 11).
Such interventions have generally been evaluated in
individual-randomized trials rather than as a community-wide
intervention per se.>®? For example, in individual-level trials,
smokers randomly assigned to receive greater telephone
support had higher cessation rates at 12 months in 1 study and
at 6 months (but not 18 months) in another.3®3-38 One
randomized trial tested the effects of telephone hotlines at the
community level.?®> Compared with providing smokers with
detailed self-help cessation packets, the addition of telephone
hotlines to assist with cessation increased cessation rates,
including cotinine-validated cessation, at up to 18 months’
follow-up and also reduced relapse rates.

In sum, the success of individual-based telephone
cessation-support interventions, together with 1 supportive
trial at the community level, suggests that such an approach at
the community level would be effective for reducing tobacco
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Table 8. Direct Restrictions and Mandates*

Class/
Evidence
Grade
Diett Restrictions on television ads for less healthful IB
foods or beverages aimed at children
Restrictions on advertising and marketing of lla B

less healthful foods or beverages near schools
and public places frequented by youths

General nutrition standards for foods and lla B
beverages marketed and advertised to children

in any fashion, including on-package promotion

Regulatory policies to reduce specific nutrients I B
in foods (eg, trans fats, salt, certain fats)

Mandates to support production of healthier llaC
types of foods (eg, more fruits, vegetables,
whole grains)

Physical Development of specific national guidelines for lla C
activityt physical activity modes and amounts, which

can then influence other legislative initiatives

that impact physical activity, such as legislation

dealing with schools and workplaces,

transportation funding, the built environment,

and regulation of public lands, among others

Smoking Community (city, state, or federal) restrictions on 1A
smoking in public places
Local workplace-specific restrictions on smoking 1A
Presence of local school-specific restrictions on IIb B
smoking
Stronger enforcement of local school-specific llaB
restrictions on smoking
Local residence-specific restrictions on smoking lla B
Partial or complete restrictions on advertising and 1B
promotion of tobacco products
Mandatory plain packaging 1C

*Several of these strategies overlap with other population approaches and
could be categorized in multiple areas (other Tables). Given the scope of topics
covered in this report, the writing group could not review evidence for every
type of intervention, for example, regulation of tobacco constituents, such as
banning certain characterizing flavoring; setting minimum age limits for
smoking or purchasing tobacco; or restrictions on showing smoking in movies.

1See Tables 6 and 7 for school and workplace-related approaches and local
community built-environment strategies, respectively, for improving diet and
physical activity.

use (Table 7). This evidence has led the US Task Force on
Community Preventive Services to recommend the develop-
ment of community telephone hotlines for counseling and
support services for tobacco cessation.3%¢

Direct Restrictions and Mandates

The evidence for effects of direct restrictions and mandates
on diet, physical activity, and tobacco use is summarized in
Table 8.

Direct Restrictions and Mandates: Diet

Restrictions on Advertising to Children
The scope and effects of food and beverage marketing on

consumer behavior are well documented, particularly among
children. In 2006, the largest food and beverage companies

spent $1.6 billion in the United States alone to market their
products to children and adolescents, with 46% of all youth-
marketing expenditures devoted to television.*8” In 2006, the
IOM Committee on Food Marketing and the Diets of Chil-
dren and Youth reported a systematic review of the available
research and concluded that there is moderate to strong
evidence that television advertising influences food and
beverage preferences, purchase requests, beliefs, and dietary
intake. Similar reports3®® and more recent studies support
these findings (Supplementary Table 12).38°

The IOM committee and other recent analyses also con-
cluded that food and beverage marketing practices geared to
children and youth are out of balance with recommended
healthful diets and contribute to an environment that puts
their health at risk.387-3°1 For example, in a review of
~98 000 food-product advertisements on top-rated US chil-
dren’s television shows, 98% and 89% of the advertised foods
seen by viewers 2 to 11 years of age and 12 to 17 years of age,
respectively, were packaged or processed foods that were
high in fat, sugar, or sodium. Approximately half of all
calories among the advertised products came from sugar.3°
In another review of 1600 hours of children’s programming,
most food advertisements were for candy and snacks (34%),
sugared cereals (28%), and fast foods (10%); none of the
8854 ads were for fruits or vegetables.3!

In a nationally representative longitudinal study of US
children, Chou et al estimated the potential impact of televi-
sion marketing restrictions on adiposity in children and
adolescents.’*> On the basis of the relation between the
number of hours of television advertisements for fast-food
restaurants seen per week and observed risk of overweight, it
was estimated that a ban on these advertisements would
reduce the prevalence of overweight by 18% among US
children 3 to 11 years of age and by 14% among US
adolescents 12 to 18 years of age.?2 Similarly, in an analysis
using 2003-2004 National Health and Nutrition Examination
Survey (NHANES) data and evidence for relation of televi-
sion advertising to dietary consumption, it was estimated that
eliminating television food advertisements to children 6 to 12
years of age would reduce the prevalence of obesity by
14.6% .33

On the basis of evidence for the influence of advertising,
as well as the types of foods and beverages currently
marketed, a 2009 IOM report recommended several strat-
egies for restricting such marketing to children and ado-
lescents.'#” These included the development of regulations
that account for the full spectrum of advertising and
marketing practices across all media, the banning of
fast-food and restaurant advertisements on television, and
the banning of advertising and marketing of less healthful
foods and beverages near school grounds and public places
frequently visited by youth.

Restrictions on marketing to youth currently exist in many
countries. A WHO report found that among 73 countries
reviewed, 85% had regulations on television advertising that
specifically refer to children.?** For example, Australia bans
food advertisements aimed at children =13 years of age; the
Netherlands bans advertising of sweets to children =12 years
of age; and the United Kingdom bans advertising in or around
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television programs aimed at or likely to appeal to children
=15 years of age. Sweden, Norway, and Quebec, Canada,
each ban all television advertising aimed at children, regard-
less of the product involved. The United States does not have
any restrictions on marketing or advertising of foods and
beverages to children, although the Interagency Work Group
of the Federal Trade Commission, the Food and Drug
Administration, the CDC, and the USDA have developed a
set of proposed voluntary principles that would guide indus-
try in marketing food to children.

In sum, there is consistent evidence that television adver-
tising to children influences food and beverage preferences,
purchases, and consumption and that the majority of such
advertising is for products suboptimal for health. On the basis
of this evidence, restrictions on such advertising would be
effective at improving dietary behaviors in children (Table 8).
Television advertising has been studied most; somewhat less
evidence exists for other types of advertising and marketing.

Restrictions on Specific Dietary Factors

A growing number of city, regional, or national policies aim
to restrict levels in the food supply of certain dietary factors
with adverse health effects (Supplementary Table 12). For
example, several nations, regions, and cities have placed
restrictions on the content of industrially produced frans fat in
cooking oils or foods.?3-3%5 Analyses of foods before and after
implementation of these restrictions have demonstrated wide-
spread compliance, with little evidence for adverse effects on
food availability, price, or quality.?*3°> The effects of these
relatively recent interventions on clinical outcomes have not
yet been assessed.

In Finland, a national multicomponent strategy to improve
dietary habits was initiated in 1977 that incorporated legisla-
tive restrictions on the maximum salt content of certain foods
in the 1990s and the percentage of milk fat in whole and
low-fat milk in the 1980s and 1990s.5°-%° Other intervention
components included media and education, voluntary agree-
ments with industry, modifications to taxation and subsidy
policies for several foods, and government-supported pro-
grams to increase production and consumption of fruits (see
the corresponding relevant sections of this report for further
details on these other interventions). The direct restrictions on
salt and milk-fat content were successfully implemented with
good compliance. From the 1970s to the late 1990s, mean
daily salt consumption in Finland declined from approxi-
mately 14.5 g in men (unknown in women) to approximately
11 g in men and 7 g in women; mean diastolic blood pressure
declined by 5% in men and 13% in women; and mean total
blood cholesterol declined by almost 20%. Age-adjusted
CHD mortality decreased by 65%, with approximately three
quarters of this decrease estimated to be related to improve-
ments in population risk factors rather than medical treat-
ments.>-0 Given the sustained multicomponent nature of the
overall intervention, the health effects of the direct restric-
tions on salt and milk fat were not assessed separately.

In Mauritius, a national multicomponent intervention pro-
gram was instituted in 1987 to improve population lifestyle-
related risk factors.?*® This program included a regulatory
policy for general cooking oil to limit the content of palm oil
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and replace it with soybean oil. On the basis of serial
cross-sectional surveys, this policy is estimated to have
reduced consumption of saturated fat by ~3.5% energy and
increased consumption of polyunsaturated fat by ~5.5%
energy by 1992. In those 5 years, mean population total
cholesterol concentrations fell by 0.79 mmol/L in men and
0.82 mmol/L in women (P<<0.001 each). The cooking oil—
related decrease in saturated fat and increase in polyunsatu-
rated fat was estimated to explain approximately half of this
decline in both men and women.

In sum, these quasi-experimental experiences demonstrate
that regulatory policies to reduce particular nutrients in foods
are highly effective for improving population dietary habits
(Table 8).

Mandates on Specific Dietary Factors
In addition to restrictions on consumption of less healthful

foods, policies and legislation can be implemented to man-
date increased availability of healthier dietary options. For
example, the Mauritius policy intervention included not only
limits on palm oil but also increased soybean oil as its
replacement.*¢ The resulting increases healthful polyunsatu-
rated fat contributed to the substantial population improve-
ments in blood cholesterol levels.3%¢

Beyond this, relatively limited evidence was identified on
policy or legislative mandates to increase the production or
availability of more healthful foods. As described in Agricul-
tural Policy, the modification of Finnish taxation policies
successfully encouraged production of mixed vegetable oil
and light spreads and greater production of lean meats and
protein. The national Berry and Vegetable Project success-
fully increased local healthy crops.5*-¢© However, these inter-
ventions were not direct mandates but changes in taxation,
subsidies, and agricultural policies to support and encourage
dietary changes.

In sum, the use of mandates to increase consumption of
healthful foods appears to be a potentially promising strategy,
but further research and evidence are required (Table 8).

Direct Restrictions and Mandates: Physical Activity

Regulation of physical activity through legislation offers a
unique challenge, especially when contrasted with that of
smoking. Smoking, a negative health behavior, is susceptible
to direct regulatory approaches, whereas physical inactivity,
which is the lack of a healthy behavior, renders legislative
approaches much more challenging. Most direct regulatory
approaches to encouraging physical activity operate through
changes in the built environment, worksite wellness pro-
grams, financial incentives, or transportation policies.37-398
These various approaches are addressed in other sections of
this report and have been summarized in other reviews.3¢-3%°
Multiple population strategies are often employed simulta-
neously and in settings in which randomized controlled
experiments are not practical; thus, quantifying the indepen-
dent effects of different approaches is challenging. For all of
these reasons, there is little evidence for the effectiveness of
direct restrictions or mandates to increase physical activity.
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Evidence is just now being developed at some state and local
levels.+00

The promulgation by any country of specific national
guidelines for physical activity, such as modes and amounts,
does not mandate physical activity but could still be consid-
ered a policy intervention if such guidelines were subse-
quently referenced and addressed in other legislative initia-
tives that affect physical activity, such as legislation dealing
with schools and workplaces, transportation funding, the built
environment, and regulation of public lands, among others.
For example, the US Dietary Guidelines for Americans
directly inform the nutrition standards for foods and bever-
ages served at schools, jails, and government workplaces.
Consequently, the development of the first Physical Activity
Guidelines for Americans in 2008° may represent the begin-
ning of incorporation of physical activity guidelines into US
federal policy. School-based mandates, such as requiring
minimum time in PE classes or, for younger children, recess
and play time, are discussed in “School and Workplace
Approaches.”

In sum, consensus opinion from the writing group and
others suggests that specific national guidelines can improve
population physical activity by influencing subsequent policy
and legislation, but further research and evidence are required
(Table 8).

Direct Restrictions and Mandates: Smoking

Community Restrictions on Smoking in Public Places
Community smoking restrictions prohibit smoking in some or

all public places in a geographic locality, with 1 specific aim
being to reduce exposure to secondhand smoke among
nonsmokers. Several quasi-experimental studies have evalu-
ated the health effects of such bans, comparing community
rates of clinical events or hospitalizations in time periods
before versus after the ban and/or parallel assessments of
disease rates in a nearby locality without a smoking ban
(Supplementary Table 13). Most studies were ecological,
evaluating overall rates of exposure and events in the popu-
lation rather than how individual exposures were related to
particular coronary events. Durations of follow-up from
implementation of the ban to assessment of end points varied
across studies from 0.2 to 3.0 years.

A 2009 IOM review of community smoking bans found
consistent and substantial reductions in markers of tobacco-
generated air pollution and particulate matter in places in
which smoking was banned.°! The IOM report also found
substantial evidence that smoking bans were effective in
reducing coronary events, based on critical reviews of 11
quasi-experimental studies that examined smoking bans and
changes in acute coronary events.*>-412 All studies demon-
strated reductions in coronary event rates, with decreases
ranging from ~6% to 47%. Additionally, in 1 locality in
which the ban was revoked, a subsequent increase in coronary
events was seen. In studies that evaluated coronary rates
separately for smokers versus nonsmokers, reductions were
demonstrated in both groups, consistent with the benefits of
reduced exposure to secondhand smoke among nonsmokers.

In 2 separate meta-analyses of these studies, the pooled
relative reduction in acute coronary events was 17% (95% CI,

8%—25%).413414 The largest relative risk reductions were seen
among younger people and nonsmokers. Meta-regression
suggested that benefits increased over time, with larger
reductions in coronary events seen with longer durations of
follow-up after the smoking ban was instituted.*!3

Since these reviews, 4 new reports of the effects of
smoking bans on cardiovascular and respiratory conditions
have been published, all demonstrating reductions in cardio-
vascular and/or respiratory events after implementation of
smoking bans.*!5-418 Herman and Walsh*!5 studied Arizona’s
May 2007 statewide smoking ban, which prohibited smoking
in most enclosed public places and places of employment, in
relation to rate of hospital admissions from January 2004 to
May 2008, stratified by the county-specific presence or
absence of preexisting smoking bans to separate the effects of
the ban from temporal trends. When counties with no prior
bans were compared with those with prior bans, Herman and
Walsh found that those with no prior bans experienced
significant reductions in hospital admissions for conditions
directly affected by secondhand smoke, including acute
myocardial infarction (MI; 13%), angina (33%), stroke
(14%), and asthma (22%). No significant differences were
seen for control conditions such as appendicitis, kidney
stones, acute cholecystitis, and ulcers, each of which was not
expected to be affected by the smoking ban. Trachsel et al
found a 22% lower rate of incident acute MI in the year after
the March 1, 2008, smoking ban in public buildings in the
Swiss canton of Graubiinden compared with the prior 2
years.#!¢ Graubiinden had a stable population of ~100 000 in
these years but also had a large transient tourist population.
Rates in both residents and nonresidents were lower, which
suggests a short-term benefit of the smoking ban.

Naiman et al evaluated hospital admission rates for multi-
ple smoking-related conditions, including acute MI, angina,
stroke, asthma, chronic obstructive pulmonary disease, and
pneumonia/bronchitis, from January 1996, 3 years before
initial implementation of a smoking ban in restaurants and
related settings in Toronto, Ontario, Canada, to March 2006,
2 years after the last phase was implemented.*!” Rates of
cardiovascular conditions decreased by 39% and admissions
for respiratory conditions decreased by 33%; no changes
were observed in control cities or control end points. Dove et
al evaluated rates of fatal MI before and after implementation
of a comprehensive smoke-free workplace law in Massachu-
setts in July 2004, stratified by cities/towns with and without
previous local smoking bans from 1999 through 2006.4'8 MI
mortality rates decreased by 9.2% after implementation of the
law in cities and towns with no prior local smoking ban, with
a smaller, not statistically significant decrease in localities
that did have a prior ban. The effect of the statewide ban on
MI mortality was larger (—18.6%; P<<0.001) after the first
year of implementation.

As described in several studies, variability in the extent of
reductions in coronary events was explained by different
levels of preexisting partial bans. Before the total public ban,
different localities in these areas had particular configurations
of prior legislation, including preexisting less-restrictive
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bans, different venues covered by the bans (such as offices,
other workplaces, restaurants, or bars), and various levels of
compliance with and enforcement of the bans. Localities with
the least preexisting partial bans experienced the largest
effects of reduced smoking exposure caused by the broader
bans.

In all these studies, other factors potentially associated with
the smoking ban, such as related media reports or outreach
efforts, were difficult or impossible to separate from the
impact of the ban itself.#01:412:413 The effects of smoking bans
may also influence or be synergistic with other cessation
efforts. For example, Italian smokers who attempted cessa-
tion through group counseling or use of bupropion were more
successful after a community smoking ban was instituted than
their counterparts who participated in such cessation efforts
before the ban.#!° A smoking ban may also encourage other
health-promoting actions, such as people initiating a smoking
ban at home or quitting smoking. The combination of such
effects may contribute to the full benefits of a smoking ban,
such as reduced hospitalizations for childhood asthma*?® and
reduced occurrence of disease conditions in younger and
more recent smokers.*?! Considerations of the best methods
for modeling the different causal pathways that influence the
total effects of smoking bans are ongoing.*0!:422

Economic arguments against smoking restrictions (ie, that
such bans hurt certain businesses that cater to smokers) are
not well substantiated in prospective studies. In 1 analysis,
although some businesses did have to change their business
plans, overall bar and restaurant revenue was not reduced and
may even have increased after a smoking ban was imple-
mented.*>3 Such findings may be intuitive given that in many
countries, the majority of people do not smoke. Smoking bans
also reduce cleaning costs and employee medical costs,!!
providing further economic incentives to businesses to sup-
port such bans.

In sum, the studies reviewed in the IOM report*°! and
recent meta-analyses,*!2#13 in combination with several other
more recent studies, provide convincing evidence that com-
munity smoking bans reduce rates of cardiovascular and
smoking-related respiratory events, at least in part through
lower exposure to secondhand smoke and possibly other
concomitant effects (Table 8). The pooled analysis suggests a
substantial overall effect that increases over time.*!3

Workplace-Based Restrictions on Smoking

Several studies have evaluated smoking restrictions in the
workplace (Supplementary Table 13). In a systematic review
and meta-analysis of 26 quasi-experimental studies, the
implementation of a smoke-free workplace policy was asso-
ciated with pooled reductions in absolute smoking prevalence
of 3.8% (95% Cl, 2.8%—4.7%) and in cigarette consumption
among smokers of 3.1 cigarettes per day (95% CI, 2.4—
3.8).424 Overall, smoke-free workplace policies were associ-
ated with a 29% reduction (95% CI, 11%-53%) in total
cigarettes smoked. A more recent systematic review that
included 37 studies, including 13 quasi-experimental studies,
demonstrated similar results, with smoke-free policies in the
workplace (majority of studies) or community (some studies)
linked to reduced prevalence of active smoking, more at-

Population Approaches to Diet, Activity, and Smoking 1547

tempts to quit and higher quit rates, and fewer overall
cigarettes smoked per day.*?5 Some limited evidence suggests
that the effects of smoke-free workplace policies may be
larger in men than in women and among people with greater
education, but favorable effects were generally seen in all
groups studied.*?0-432

Similarly, in a prospective analysis of employees at worksites
in 20 US and Canadian cities between 1993 and 2001, people
who worked in places that changed to or maintained smoke-free
policies were 1.9 times more likely to quit (OR=1.92; 95% ClI,
1.11-3.32), and continuing smokers decreased their average
daily consumption by 2.57 cigarettes per day compared with
people whose worksites did not have a smoke-free policy.**?
These associations were strongest in worksites that had smoke-
free policies in place in both 1993 and 2001. Similar findings
were seen in analyses of smoking cessation rates in US hospitals
that instituted smoke-free policies, compared with rates before
the ban*** or with workplaces without smoke-free policies in the
same communities.**> In cross-sectional analyses in Japan, the
United States, and Switzerland, employees at sites with more
restrictive smoke-free policies were less likely to be current
smokers and, when assessed, smoked fewer cigarettes per day if
they were still active smokers.*3¢-43% Similar findings have been
seen in cross-sectional studies among teenaged workers in
worksites.*3

Smoke-free workplace policies have also been associated
with lower exposure to secondhand smoke. In a systematic
review, studies using either self-reported (n=3) or biochemical
(n=3) measures of exposure all found significant reductions in
secondhand smoke exposure after implementation of a smoke-
free workplace policy.*** Among worksites that are not fully
smoke-free, the designation of specific smoking areas is associ-
ated with fewer cigarettes smoked by smokers and less exposure
to secondhand smoke among nonsmokers. For instance, in the
prospective analysis of US and Canadian worksites, in those that
were not smoke-free but had designated smoking areas, employ-
ees consumed 2.22 fewer cigarettes per day than employees in
worksites with no smoking restrictions.*33 In a cross-sectional
study in Massachusetts, compared with employees in smoke-
free worksites, those in worksites with designated smoking
areas had a 2.9-fold higher odds (95% CI, 2.4-3.5) of
being exposed to secondhand smoke and were exposed 1.7
times longer (95% CI, 1.4-2.2); employees in worksites
where smoking was permitted had a 10.3-fold higher odds
(95% CI, 6.7-15.9) of being exposed to secondhand smoke
and were exposed 6.34 times longer (95% CI, 4.37-9.21).440
Lower exposure to secondhand smoke was also reported by
employees of worksites with smoke-free policies in US,
Swiss, and Chinese studies compared with worksites without
such policies.*34438.441

As seen with community-level smoking restrictions,
worksite-based restrictions can be synergistic with other
cessation efforts. After the extension of a smoke-free indoor
policy to include outdoor spaces at 1 worksite, participants
who enrolled in smoking cessation programs had higher
6-month quit rates after the extension (52.4%) than before
(43.0%); post-ban participants were 80% less likely to relapse
than pre-ban participants, and nonquitters decreased their
consumption by 6.6 cigarettes per day, a 39% decrease.*+?
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In sum, full smoke-free policies at the workplace are
consistently linked with increased smoking cessation, fewer
cigarettes consumed among those who continue to smoke,
and decreased exposure to secondhand smoke (Table 8).
Partial policies, such as designated smoking areas, are con-
sistently linked with fewer cigarettes smoked by active
smokers and less exposure to secondhand smoke among
nonsmokers. A 2009 AHA policy statement supports these
conclusions and advocates for comprehensive smoke-free
laws for all workplaces and public environments.*+3

School-Based Restrictions on Smoking
Several studies have evaluated the potential influence of
campus smoking restrictions and enforcement of such restric-
tions on smoking among students (Supplementary Table 13).
In some, but not other, cross-sectional observational studies,
students at schools with stronger policies restricting tobacco
use were less likely to be current smokers.210-444-449 A Jimited
number of quasi-experimental evaluations with only short-
term (1-4 months) follow-up demonstrated mixed findings,
with no consistent evidence for the effects of campus smok-
ing restrictions on active smoking or cessation.*30-451

In contrast to studies assessing the presence of anti-tobacco
policies, cross-sectional observational studies evaluating the
level of enforcement of these policies more consistently found
links between stronger enforcement and lower rates of smoking
among students.?'0452-458 Interestingly, in some studies, teach-
ers’ smoking behaviors on school grounds were also strongly
linked (2-5-fold relation) to students’ smoking.#46:447

In sum, there is mixed evidence for the effectiveness of
school-based smoking restrictions on reducing smoking, and
further investigation is required (Table 8).

Residence-Based Restrictions on Smoking
In recent systematic reviews of multiple cross-sectional and

longitudinal studies, residence smoking restrictions were
strongly and consistently linked to lower smoking prevalence,
lower average cigarette consumption among smokers, higher
rates of cessation attempts, and lower rates of relapse in
adults; and less smoking, less progression to experimentation,
and less exposure to secondhand smoke in children*>®-4¢!
(Supplementary Table 13). The magnitude of the relation
observed was often very large, including >2-fold differences
in many of these associations. The results of most individual
studies support the findings of these systematic re-
views.439:452.462-469 T gddition to detached homes, multiunit
housing may be a reasonable target for smoking restrictions
to reduce secondhand smoke exposure,*’°~473 but the writing
group did not identify studies evaluating the effectiveness of
such interventions. In sum, the evidence supports the effec-
tiveness of residence-based smoking restrictions for reducing
smoking (Table 8).

Restrictions on Advertising and Promotion

The powerful effects of tobacco advertising and promotion on
consumer behavior are well documented, particularly among
children and adolescents.?2474-478 In longitudinal studies,
exposure to tobacco marketing is consistently related to
positive attitudes and beliefs about tobacco use, experiment-
ing with cigarettes, and becoming a smoker, with a dose-

response relation between extent of exposure to marketing
and risk. These effects are seen with both traditional market-
ing approaches and other exposures, such as point-of-sale
promotion (which represents a substantial proportion of
tobacco industries’ marketing budgets in many localities), as
well as pro-tobacco depictions in films, television shows, and
gaming videos. Similar findings are seen across a range of
cultural and socioeconomic backgrounds.

On the basis of these well-established relationships, restric-
tions on advertising and marketing of tobacco products to
youth have been a mainstay of anti-tobacco efforts.#”” In
general, such restrictions have been implemented as part of
multicomponent strategies to reduce smoking, so that the
independent magnitude of their effects is difficult to quantify
directly. Overall, the clear impact of advertising on tobacco-
related attitudes and behaviors?2474-478 provides robust evi-
dence that the absence or limitation of such advertising
reduces their pro-tobacco effects in youth. Because the
tobacco industry has become highly skilled at exploiting
multiple potential traditional and nontraditional avenues for
marketing, more complete advertising and promotional bans
are more successful than partial restrictions in both developed
and developing countries.*’#80 On the basis of this body of
convincing evidence, the Framework Convention on Tobacco
Control has called for comprehensive bans on tobacco adver-
tising in all nations.*3® A review of internal industry docu-
ments, trade publications, published research, and govern-
ment reports indicates that cigarette packs themselves would
remain a key promotional vehicle after such advertising bans,
and the mandating of plain packaging of all tobacco products
has been recommended.*8!

In sum, there is consistent evidence to support the effec-
tiveness of restrictions on advertising and marketing of
tobacco products for reducing tobacco use (Table 8).

Healthcare Systems Approaches

Although a complete systematic review of healthcare systems
interventions to improve lifestyle was beyond the scope of
this report, the writing group reviewed key evidence for
potential effective strategies. A 2010 AHA scientific state-
ment provides a strong evidence base for effective behavioral
change strategies at the healthcare level.!¢ Several approaches
have been effective, including (1) individual-oriented ses-
sions to assess readiness for behavior change, collaboratively
identify goals, and develop plans to achieve these goals; (2) a
focus on specific, proximal goals for targeted behaviors; (3)
self-monitoring with oral, written, and/or electronic feedback;
(4) group sessions for peer support, group problem solving,
and skill development for behavior change; and (5) trained
motivational interviewing when people are ambivalent about
change.?*#13 Focused behavior change goals are most effec-
tive.!¢-3¢ Thus, clinical providers should work with patients to
help prioritize a limited set of relevant food and activity
habits and, for smokers, tobacco reduction and cessation
goals.>+8482 The use of multiple educational techniques,
including live and media presentations, can improve health-
care provider knowledge about and use of behavioral
change.*83 Helpful supplementary approaches include long-
term support from family, peers, or community programs,
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particularly after the initial months when adherence can
wane, and use of electronic feedback.413.484.485

Several aspects of healthcare systems can influence and
foster these evidence-based behavior change strategies. First,
medical training across all levels should incorporate and
prioritize education for care providers in these strategies.
Healthcare systems should also develop and promote efficient
telephone or electronic approaches to monitor diet quality,
physical activity, adiposity, and smoking; to schedule and
track regular individual or group visits for education and
behavioral support; and to provide individualized feedback to
patients on their efforts to change behaviors.*8¢-48% Impor-
tantly, healthcare systems should also restructure quality
benchmarks and reimbursement guidelines to include specific
focus on health behaviors, including dietary quality and
physical activity.486-488

Although relatively few healthcare systems changes have
focused on diet or physical activity specifically, several ap-
proaches are being initiated for tobacco and obesity control. For
instance, many electronic medical records systems have fields
for tobacco use and body weight, although consistency and
accuracy of their use remains variable. In addition, in 2003, the
US Centers for Medicare and Medicaid Services guidelines for
pneumonia, heart failure, and MI admissions began to require
smoking cessation counseling as a performance measure for
reimbursement.*$* The Joint Commission on Accreditation of
Healthcare Organizations then added smoking cessation coun-
seling as a criterion for excellence, and the combined quality
measure went into effect in January 2005. These measures were
successful in increasing counseling,*° although the effects on
tobacco use have not been well studied. One retrospective
analysis of 889 consecutive smokers treated for acute MI at 19
US hospitals in 2003 to 2004 did not find higher smoking
cessation rates at 1 year in patients who met the Centers for
Medicare and Medicaid Services documentation requirement for
counseling than in those without this documentation.**! Re-
cently, the Joint Commission announced plans for a requirement
to assess smoking and offer cessation counseling to all hospital-
ized patients.*9?

In sum, specific changes in healthcare systems can be a
crucial complement to other population behavior change
approaches. These include changes in systems for medical
training, electronic medical records, structuring of individual
and group visits, patient and provider feedback, quality
benchmarks, and reimbursement guidelines.

Surveillance and Monitoring Systems for
Informing and Evaluating Population Strategies
Several national and subnational surveillance systems currently
exist for monitoring lifestyle habits and related health outcomes
in the United States (Supplementary Table 14). Many are
coordinated and led by the CDC, for which public health
surveillance is a key role; other federal and state agencies also
perform surveillance. Examples of different surveillance meth-
odologies for lifestyle factors include telephone-based surveys of
adults (eg, the BRFSS, the American Time Use Survey),
household studies conducted with questionnaires or face-to-face
interviews (eg, the National Health Interview Study), and many
that try to reach children and are often conducted in schools (eg,
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the National Youth Tobacco Survey, the School Health Policies
and Programs Study). Some surveillance methods, such as
NHANES or the Canadian Health Measures Survey, also cap-
ture extensive clinical and laboratory data. NHANES, for exam-
ple, measures levels of cotinine, a biomarker of nicotine expo-
sure, in a nationally representative sample of smokers, including
oversampling of blacks and Hispanics. Cotinine measurements
made in successive years are used to assess longitudinal trends in
both intensity of smoking and exposure to secondhand smoke.
International surveillance methods of behavioral factors are
slowly growing, typically based on cooperation between gov-
ernment agencies in different countries or coordinated by inter-
national agencies such as the WHO. Examples include the
Global Youth Tobacco Surveillance system and the WHO
STEPwise approach to Surveillance surveys (www.who.int/chp/
steps/en/). Based on the writing group’s review, effective behav-
ioral surveillance systems should include at least the following
characteristics:

e Standardized, validated metrics and surrogate markers
relating to dietary habits, physical activity, and tobacco use
that include prevalence, incidence, marketing/countermar-
keting strategies, clinical practice guidelines, and/or envi-
ronmental changes

® Repeated longitudinal assessments conducted at regular
intervals with consistent methods

® Assessment of trends in both the overall population and
subgroups, especially at-risk populations

® Data collection at national, state, and local levels as
appropriate

® Methods to minimize unnecessary duplication of other
ongoing surveillance efforts

Overall, adequate surveillance and monitoring systems are
essential to understand and select appropriate metrics of
health behaviors to follow over time, to inform the design of
population-level programs to improve these behaviors, to
monitor the effects of implemented policies, and to elucidate
gaps and barriers in our knowledge and methods. Quantifi-
cation of the current distributions of behaviors, risk factors,
diseases, and their correlates and determinants in the overall
population and in more vulnerable subpopulations is neces-
sary for informed selection of specific targets for intervention
and for reducing disparities. Quantification of changes and
trends over time is necessary to evaluate the impact of
interventions on behaviors and related health outcomes.

Gaps in Current Diet, Physical Activity, and

Tobacco Surveillance

For most lifestyle behaviors, surveillance is generally self-
reported. There are limitations to such data, including underre-
porting or overreporting, gaps in memory or recall, and self-bias.
More objective measures, such as biomarkers of some dietary
habits, pedometer or accelerometer data for physical activity, or
plasma, saliva, or urine cotinine levels for smoking, are helpful
and should be added whenever possible to provide more precise
estimations of these behaviors. Conversely, even self-reported
dietary activity, physical activity, and tobacco use data are
consistently linked to disease risk in numerous studies, and thus,
self-reported data obtained via standardized, validated question-
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naires are a useful mainstay for simple, effective, and cost-
efficient surveillance methods.

Tobacco use surveillance methods have improved over
time and can be relatively comprehensive, including moni-
toring of tobacco-related behaviors, prevalence, biomarkers
of exposure, attitudes, health outcomes, and policies, as well
as monitoring of marketing and its impact on consumer
behavior. Some approaches also capture exposure to second-
hand tobacco smoke, existing school curriculum and policies,
worksite smoking policies and practices, local community
ordinances related to tobacco use and indoor air quality, and
prevention policies to advise smokers to quit in the healthcare
setting. In the United States, improvements in tobacco sur-
veillance have informed and driven successful, comprehen-
sive tobacco control and prevention policy in recent decades.

In comparison, current methods for monitoring dietary and
physical activity habits and related knowledge, attitudes, poli-
cies, marketing, and industry practices are relatively crude.*>
Several national health surveys capture no diet or physical
activity measures (Supplementary Table 14).494 Even for those
that do, the diversity of exposures makes dietary and physical
activity surveillance more challenging than for tobacco. In the
United States, for example, labeled food products comprise up to
600 000 unique UPCs (universal product codes), even after the
exclusion of products purchased in small amounts.*** This
complexity is increased by continual reformulation of products
by the food industry, which reformulates foods more frequently
(eg, =75 000 products every 2 years) than they are measured.*>3
The number and diversity of restaurant and other prepared foods
add further to the challenge. Many metrics of dietary quality are
also not standardized, including, for example, carbohydrate
quality (eg, what is the best metric to assess whether a product
is “whole grain”) or added sugars (eg, ~11% of all US
foods/beverages contain fruit juice concentrate as a sweetener,
but this is not measured as an “added sugar”). Other limitations
of current diet surveillance methods are an inability to link
consumption choices systematically with a variety of determi-
nants, including food programs, food access, policy changes (eg,
shifts in the Supplemental Nutrition Assistance Program), and
economic factors such as income and types of employ-
ment.*34% More systematic data are also needed on prices and
yield of key foods, such as fruits and vegetables, to provide
robust data for guiding agricultural policy. Similarly, many
surveillance systems capture only certain types of physical
activity, such as leisure-time activity and exercise. Other rele-
vant activities are often not assessed, including commuting
activity, work activity, total activity (ie, all movements incorpo-
rated into activities of daily living), and sedentary activity (eg,
TV viewing; other screen time; time spent sitting at work,
school, or home).

Innovative methods for incorporating diet, physical activity,
and related policy metrics into existing survey systems should
also be considered. For example, the USDA collects a national
farmers’ market manager survey that could include more sur-
veillance data related to diet, policies, and health. Similarly,
economic development projects that support supermarkets or
grocery stores could include collection of diet and health-related
metrics in stores and communities. As recently reviewed by the
AHA, several states are implementing new methods for BMI

surveillance in children, such as through school immunization
records or during wellness visits to the doctor.*** Such programs
can implement BMI surveillance (more widely accepted) or
BMI assessment and reporting (ie, identification of children who
are overweight or obese), followed by notification of their
parents (more controversial). To increase impact, such surveil-
lance should be reported in an aggregate manner to the state
Department of Health so that progress can be tracked and ideally
passed on to a national database.

A major gap in surveillance is the absence of systematic
collation, monitoring, and evaluation of behavior change
policies themselves. Such surveillance should occur at local,
regional, and national levels and include proposed programs,
enactment, implementation, costs, sustainability, reach over
time, and, of course, effectiveness.

Recommendations for Use of Current

Surveillance Programs

Despite these limitations, current surveillance systems can pro-
vide useful information to evaluate the impact of population-
level strategies on behavior change, risk factors, and chronic
disease, as well as whether policies have a similar or different
impact on particularly vulnerable populations. In the United
States, for example, prevalence data from the BREFSS and the
National Youth Tobacco Survey have been helpful for determin-
ing the impact of raising tobacco excise taxes on tobacco use,
especially in youth. NHANES has documented progress in
reducing population exposure to secondhand smoke. Local
NHANES data could be used to measure urinary sodium levels
to assess the impact of sodium reduction in the food supply. The
AHA is using NHANES data to monitor progress toward
dietary, physical activity, and tobacco goals for achieving
cardiovascular health.?> Globally, the WHO STEP data have
been important for estimating the impact of low fruit and
vegetable consumption on mortality in both developed and
developing nations.'> The 2010 Global Burden of Diseases
project will substantially expand the assessment of global dietary
risk factors,*’ and updates of this work will be important to
assess dietary changes over time and the impact of national
dietary policies. Local surveillance is also important, as national-,
state-, or even county-level surveillance data may not be sufficient
to assess the effectiveness of some community-based efforts, such
as in cities, communities, schools, and workplaces. Local data
collection will be crucial in such circumstances. As population
strategies increasingly focus on diet, physical activity, and tobacco
use, it will be important to identify how current surveillance systems
can inform the effectiveness of such policies and, importantly, refine
these surveillance systems over time to help prioritize population
approaches and maximize their impact.

Research Gaps
Several key research gaps were identified. Several particular
multicomponent strategies appear promising but require further
investigation to confirm effectiveness, such as combining sus-
tained, focused media/educational campaigns with local-
environment changes to improve physical activity and combin-
ing simple labels/icons with local-environment changes (eg,
changes in availability) to improve diet. Results of worksite-
based interventions to increase physical activity (eg, by altering
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the physical environment for use of stairs, setting aside work
time for exercise, encouraging walking, or adding a worksite
fitness center) are also encouraging but based on a small number
of studies.

Additional research is also needed on the effects of several
financial and economic strategies. The effects of long-term
individual financial incentives and penalties (eg, based on
insurance rates) require further study with more robust designs
that assess discrete levels and types of incentives, minimize
confounding intervention components, and are of sufficient
duration to assess sustainability. Similarly, the effects of finan-
cial and regulatory requirements on healthcare systems to
promote healthy behaviors need more rigorous study. While
sufficient evidence exists to implement changes in food and
beverage pricing to improve dietary behavior, more research
should assess the potential additional effects on consumption of
substitutes and complements for these foods/beverages.

The writing group found a large and rapidly growing number
of studies assessing how altering the local community environ-
ment may influence diet and physical activity. Several facets of
the environment appear promising for interventions, but wide
variations in definitions and methods for assessment of environ-
mental exposures, behavioral outcomes, and potential confound-
ing variables, as well as in analysis methods, limit the ability to
pool or compare results across studies. Better standardization of
these methods is needed. Additionally, nearly all of these studies
were cross-sectional, which limits inference about the direction
of the association; for example, rather than the environment
affecting behavior, people may choose to live in neighborhoods
having or not having certain characteristics based on their own
behavior preferences, or the average preferences of residents in
a neighborhood may influence the environment (eg, the types of
stores that open and are successful). Thus, more longitudinal and
quasi-experimental studies of the local environment and lifestyle
are essential.

Major gaps were identified in the strength of evidence for
effectiveness of several types of interventions and policies that
are currently being implemented. These include, for example,
the use of front-of-pack labels or icons on packaged foods or of
menu labeling in restaurants; sustained individual financial
disincentives, such as differences in insurance rates, for poor
lifestyle; business tax incentives for comprehensive worksite
wellness programs; and mandating of an increased number of PE
classes led by trained PE teachers at schools without an accom-
panying multicomponent strategy. The implementation of
policy-level strategies does not always require perfect evidence;
risks versus benefits and associated costs and alternative ap-
proaches may warrant implementation even without strong
evidence. Nonetheless, these findings highlight the need for
integrated rigorous evaluation of the impact of these policies on
targeted behaviors and health outcomes as they are implemented
in practice.

For many interventions, there was limited or inconsistent
evidence to evaluate the potential heterogeneity of effects, for
example, depending on the population (children, adults, specific
vulnerable subgroups, etc) or level of intervention (local, state,
federal). For some strategies, such as media and educational
campaigns or labeling and information approaches, a few studies
suggested less effectiveness or awareness in lower education or
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minority subgroups, but others did not. In contrast, for other
strategies, such as taxation or subsidies, more consistent evi-
dence suggested stronger effects in youth or lower-income or
disadvantaged populations. Similarly, local environmental strat-
egies appeared to hold particular promise in disadvantaged
subgroups, largely based on greater potential for improving the
environment in such neighborhoods; however, nearly all studies
were cross-sectional, which limits inferences about the effective-
ness of such approaches in any population. Direct restrictions
and mandates appear especially promising for influencing the
entire population and even reducing disparities, given that their
targets (eg, excess intake of unhealthy foods, insufficient intake
of healthy foods, tobacco use) are often concentrated in disad-
vantaged subgroups. Further investigation of the potential het-
erogeneity for each of these strategies is needed, in particular
because identified heterogeneity could be useful, for example, to
select interventions with stronger effects in vulnerable
subpopulations.

For some approaches, such as labeling/information and school
and workplace strategies, the long-term sustainability of conse-
quent behavior changes was not well established. The effective-
ness of many individual-based (eg, clinical) behavior change
strategies are known to wane over time when the intervention
ceases.'® This also appeared to be true for some types of
population-based interventions, such as media or education
approaches, for which sustained population responses required
ongoing educational efforts. On the other hand, an advantage of
many of the identified population-based strategies was their
potential for inherent sustainability, for example, by altering the
physical environment, pricing or availability of products, or legal
or social acceptance of specific products or behaviors.

Finally, although much can be done with current national and
international surveillance systems, the writing group identified
the need for further improvements, especially for dietary, phys-
ical activity, and sedentary behaviors, to better capture these
lifestyle factors and also their relevant determinants, such as
policies, environmental correlates, and industry practices.

Conclusions

This systematic review identified and graded a range of
evidence-based population-based strategies to effectively pro-
mote lifestyle change. The findings inform potential partnerships
and strategies to successfully address suboptimal diet, inactivity,
and smoking, which are each major preventable causes of poor
health globally. New strategic initiatives and partnerships are
needed to translate this evidence into action.
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Supplementary Table 1. Media and Education Campaignsto Promote Healthier Diets

Author, y

Population

Duration

Intervention/Evaluation

Findings

Economic
Research Service
199d"

US population

10 y+

In 1991, the California campagA-Day—For
Better Health! was adopted as a national campaid
initiative by the National Cancer Institute to iease
consumption of fruits and vegetables. Also in 199
the produce industry established the PBH
Foundation, a nonprofit consumer organization, to
partner with the National Cancer Institute and US
Department of Health and Human Services.
Cooperative agreements were established betweg
PBH and members of the supermarket industry, a
a package of supermarket activities was designed
both in-store and promotional use.
By using the licensed 5-A-Day logo, supermarkets
joined PBH as active partners in promoting incrda;
fruit and vegetable consumption.

n

Lo

2N
nd
fo

Since the launch of the 5-A-Day campaign, intake

of fruits and vegetables increased freth8
servings per day in 1988 to 4.3 servings in 1999.
The independent effects of supermarket-based
activities are still being quantified.

Connell et al,
2001

N=374 shoppers
in 3 intervention
stores; 378
control shoppers
in 3 other stores
matched by
demographic
characteristics

4 wk of in-store
audio messages
plus take-home
audiocassettes

The5-A-Day For Better Health audio intervention
5,included 2 components: in-store audio PSAs, and
take-home audiotapes. Both contained 5-A-Day
messages promoting the value of eating fruits and
vegetables.

During the 4-wk intervention, 1 of 4 PSAs was
broadcast through the in-store audio system

throughout the shopping day. Two were 30 s long
and 2 others were 60 s long.

Shoppers in the intervention stores who agreed tg
participate in the study were given a set of 2
audiocassettes, each with a 1-h program. The firs
focused on skill-building information about fruité
vegetable preparation. It featured chefs who
described shortcuts for easy ways to prepare
vegetable-based meals. The second provided a
nutrition knowledge test using celebrity hosts.

approximately every 30 min. The PSAs were rotated

At posttest, the original questionnaires were
readministered in telephone interviews with 87.7¢
of the original intervention group and 93.7% of th
original control group.

Knowledge scores in the intervention group
increased significantly over baseline (from 59.3 t
74.5;P<0.001) and as compared with the control
group (61.9 to 66.47<0.001).

Self-reported intake of fruits and vegetables
increased significantlyR<0.01) in both intervention
and control groups (5.39 servings per day to 6.19
servings per day; 5.38 servings per day to 5.63
servings per day, respectively); however, the
magnitude of the difference was significantly
greater in the intervention group<0.05).

o

(1]

PBH Gen X Mom
2010 Survey, by
OnResearch

N=1000 Gen X
moms; N=300
Gen Y moms

Online survey

After extensive consumer research,RBe CDC,
and other national partners launched a new call tg
action, Fruits & Veggies—More Matters, in March
2007. The Fruits & Veggies—More Matters

Among Gen X moms, total “definite” awareness ¢
the Fruits & Veggies—More Matters campaign
grew from 12% in 2007 before the campaign laur
to 18% in 2010.




campaign replaced the 5-A-Day program as the
rallying cry to deliver the benefits of fruits and
vegetables to consumers in a way designed to ch
and sustain their behavior over the long term.tEru
& Veggies—More Matters was developed with
moms, the “gatekeepers” to their family’s meals, &
the primary target audience. Gen X moms were
chosen as a subset for PBH’s targeted efforts. In
January 2010, PBH developed and fielded a
customized online survey, commissioned through
OnResearch, which included 1000 Gen X moms

n

ange More Matters logo on it, up 5% since 2009.

In 2010, 45% of moms said they were more likely
purchase a product with the Fruits & Veggies—

In 2010, of the Gen X moms who were aware of the

Fruits & Veggies—More Matters logo, 38% said i
motivates them to help their family eat more fruits
and vegetables, up from 23% in 2007. This
motivational level was consistent among both Ge
X and Gen Y moms.

Of those moms who were aware of the Fruits &

[

=]

Veggies—More Matters logo, 74% said that if thely
(those born between 1965 and 1979) with childrer saw the Fruits & Veggies—More Matters logo on|a
age<18y living at home. The survey included product, it would mean that the product was healthy
several questions that have been tracked annually 66% said it meant that the food was nutritious; and
since the initial baseline survey was conducted in 55% said that it provides a serving of fruit andior
early February 2007. In 2010, a sample of 300 Gen Y vegetable.
moms (those born between 1980 and 1990) with | . The Internet remains the most effective medium of
children<18 y living at home was added for communication with Gen X and Gen Y moms.
comparative purposes, because many of the Fruits & priving traffic to the Fruits & Veggies—More
Veggies—More Matters campaign messages are Matters website as well as providing additional
targeted at mothers with younger children. An content on the website should help increase
understanding of Gen Y moms and how they awareness and positive brand associations.
compared with Gen X moms was sought because
Gen X moms and their children are aging.
Wardle et al, N=1894 residents 7-wk A survey evaluated the success of the “Fighting Fa#  Of the respondents, >50% had heard of the
20012 of Great Britain. | intervention, Fighting Fit” campaign in achieving public campaign and 30% were able to recall the healthy
The study with data awareness of the need for preventing obesity. lifestyle messages. However, only 1% registered|to
targeted groups | collected 3 mo | Questions included weight, height, recognition of participate.
with a higher after campaign name, content recall, and participation ine  Those who registered were white and had higher
prevalence of intervention the campaign registration scheme. education levels and SES.
overweight. The Fighting Fat, Fighting Fit campaign was the | «  Awareness was high in all socio-economic groups,
largest health education campaign ever undertaken byt memory for the healthy lifestyle messages was
by the BBC (British Broadcasting Corporation), significantly poorer in those with lower levels of
spanning 7 wk of numerous types of peak and education and those from ethnic minority groups.
daytime programming across local TV/radio stations, Awareness was no higher in overweight vs normal-
websites, books, and videos. weight respondents.
As part of the campaign, people were invited to
receive a registration packet for a small fee. The
packet included a self-help guide for lifestyle mha
and 3 registration cards to return over a 5-moqgger
to chart progress in weight loss, activity levelsd
eating habits.
Miles et al, N=2112 from a 5 mo after To increastve participation in the “Fighting Fat,| «  Average weight loss was 2.3 k§<0.001); 78% of




2007°¢ random sample | baseline Fighting Fit” campaign, the campaign message was those who lost weight completed at least 1
of 6000 evaluation supplemented with a booklet offering practical evaluation.
registrants in advice about how to make healthy lifestyle changes  The percentage of people classified as obese wals
Britain. Most in eating and physical activity. Each booklet reduced by 11%H<0.001)
were overweight provided registration cards allowing people to «  Satisfaction with weight improved, and the
or obese women. register with the campaign. Registration included 6 percentage of people saying they were very or quite
mo of membership and 3 registration cards to retyrn  satisfied with their weight increased from 3% to
over a 5-mo period to chart progress in weight, 17%.
activity levels and eating habits. «  There were significant reductions in fat and snac
Registration incentives were available, includiregf intake as well as increases in fruit and vegetable
exercise sessions and prizes for those who had made intake (an increase of 1.3 portions per day
the greatest improvements. [P<0.001]); the number of people eating 5 portions
The campaign aimed to stimulate behavior change;  per day increased by 23%.
therefore, both the program and the booklet pratide  There were significant increases in brisk walking,
specific guidance for self-management. moderate activity, and vigorous activity. Overall,
74% of participants increased their activity levels
following the campaign.
» There also were significant increases in overall
psychological well-being and perceptions of health.
Beaudoin et al Low-income, 5 mo A mass media campaign resulted from a partnership  From baseline, there were significant increases in
2007 predominantly Ads and signs | between the Louisiana Public Health Institute dwed|t message recall measures, positive attitudes toward
black urban were targeted tg city of New Orleans, with funding from the CDC. fruit and vegetable consumption, and positive
population in adults with The campaign was aimed at increasing physical attitudes toward walking. However, actual behaviprs
New Orleans, specific activity levels and intake of fruits and vegetables did not change significantly
Louisiana emphasis on while lowering consumption of high-calorie snack
black women | foods. This study evaluated phase 1 of the
age 18-49y. intervention (February 2088ugust 2005), which
focused on the goals listed above. During this @has
the campaign produced 2 TV ads, 4 radio ads, 26
tailgate bus signs, 20 large side-panel bus sBns,
tailgate streetcar signs, and 2 large side-panel
streetcar signs. Data collection instruments came
from the 2004 and 2005 versions of the BRFSS
survey, with locally added questions addressing the
media campaign and its intended effects.
Sanigorski et al, | Intervention: 3y Be Active Eat Wellwas a multifaceted community | «  Children in the intervention group gained less
2008° N=1001 capacity-building campaign promoting healthy eating weight 0.92 kg), showed significantly lower
(baseline) and and physical activity. The program was designed {0 increases in waist circumference3(14), BMIz
839 (follow-up) build the community’s capacity to create its own score £0.11), and waist-height ratie.02)
children age 4-12 solutions to promote healthy eating, physical dtgtjv compared with children in the control group.
y attending and healthy weight in children age 4-12 y. «  The prevalence of overweight/obesity increased in
school in Colac, The intervention program was designed, planned, both groups, and the incidence was not signifigant]
Australia and implemented by the key organizations in Coldc,




Control: N=1183
(baseline) and
979 (follow-up)
children from a
stratified sample
from a nearby
town

Average age of
study population:
8 y at baseline

including Colac Area Health, Colac Otway Shire,
and Colac Neighborhood Renewal, with Deakin
University providing support. Numerous interventi
strategies were used. Examples of media strategi
were broad area coverage (57 newspaper ads, 21
TV ads) and local festivals and events.

DN
eS

different between groups.
e There were no differences in anthropometric
measures by SES in the intervention group, whe
in the control group there were significantly gezat
paidgains in anthropometric values in children of lowe
SES status.
» Changes in underweight and attempted weight lo
were not different between groups.

eas

=

and 11y at
follow-up
de Silva- Children age 0-5| 2004-2008 Romp and Chomp was a program similareto B | After the intervention:
Sanigorski, et al, | y living in Active Eat Well, designed for children age 0-5y. | « In the intervention group, 2-y-olds were heavier
2010° Geelong, Data were evaluated using a repeat cross-sectiongl  than the control group at baseline and remained
Victoria, quasi-experimental design with measures taken pre- heavier at follow-upR<0.05), although there were
Australia and postintervention from children who underwen reductions in the size of the differences and there

annual health checks at ages 2 and 3.5 y.

was a significantly lower proportion of 2-y-old
children who were overweight or obese at follow-,
compared with baseline leveBB<0.05).

* Inthe 3.5-y-old intervention sample there were
significant £<0.05) reductions in mean weight
(17.05 kg to 16.76 kg), BMI (16.35 to 16.17), and
BMI z score (0.67 to 0.54) at follow-up.

e There was a significantly lower prevalence of
overweight/obesity in both the 2- and 3.5-y-old
subsamples (by 2.5 and 3.4 percentage points,
respectively) than in the control sample (a
difference of 0.7 percentage poings;0.05)
compared with baseline values.

» Intervention child behavioral data showed a
significantly lower intake of packaged snacks (by
0.23 serving), fruit juice (0.52 serving), and datd
(0.43 serving) than that in the control sample (all
P<0.05).

Nishtar et al
2004+

N=500 residents
of Pakistan

130 consecutive
wk of
newspaper
articles

THE NEWS—Heartfile Public Awareness Drive
intervention involved posting articles on a regular
weekly basis for 130 wk on the inside front page @
the newspaper. The aim was to evaluate changes
the levels of knowledge and attitudes as indicadbr
a community health education campaign. The
campaign was launched through complimentary

D

space donated by the newspaper group that dhag

fe

Of the regular readers:

* 93% remembered seeing the Heartfile articles.
Of the 93% who remembered seeing the articles,
87% said the articles significantly supplemented
their knowledge about diet, and 5% said they we
their sole source of information.

Of the 500 regular readers, only those who reported

in

seeing and reading the articles were eligible fartlaer




News, which is the largest circulating daily English
newspaper in the country. The postintervention
evaluation involved a cross-sectional telephone
survey in a major city. A total of 2621 personseve
called, but only those who were considered regular
readers (N=500) were eligible for the interview.

interview (N=375). Of these:

40% reported making some dietary changes.
39% changed their exercise habits.
8% reduced the amount they smoked.

Lutz et al, 1999 | 5-A-Day For Intervention: This intervention included 4 groups: 1 control grou «  All newsletter groups had significantly higher gail
Better Health newsletters and 3 newsletters (computer-tailored, nontailored, intake (from 3.4 to 4.1 servings vs no increase in
newsletter and tailored with goal-setting information). All 3 control; P<0.002) and variety scores (from 6.5 to
intervention newsletters contained strategies for improving frui vs no change in contrdP<0.0001) compared with

and vegetable consumption. The tailored newsletters the control group, as measured using FFQs.
used computer algorithms to match individuals’ | «  Although a trend toward improved intake and
baseline survey information with the most relevant variety was noted with each added newsletter
newsletter messages promoting dietary change. element, there were no significant differences
Baseline surveys were completed by 710 health among newsletter groups.

maintenance organization clients. Postintervention

surveys were completed by 573 participants (80.8%)

6 mo after baseline.

Kelder et al, N=2376 6th 5y The Lunch Bag Program for 6th graders and the | «  An upward trend in healthier food choices was s€

1995 graders from 13 Slice of Life for 10th graders consisted of the for both males and females in the intervention
junior high following: group.
schools + Females: At all but the final time point (12th gexd

« Brief 1-session intervention

e Students were provided with lunch bags
containing a recipe book, heart-healthy snack
food lists, a comic book, and several games
about healthy foods for students and parents.

e Students also wrote their own newspaper,
designed to influence intentions to eat healthy
foods.

- Data were collected at baseline (grade 6)
through grade 12 (7 time points total)

4

a significantly P<0.01) greater number of healthie
food choices were made by the intervention grou
compared with the reference group; the total
increase from baseline was 6.0 t0 9.5vs 6.0t0 8
choices, respectively.

Knowledge of healthy food choices was
significantly greater (a®<0.01) in the intervention
group vs reference group for all but the 4th time
point (9th gradeP<0.05); the total increase was
12.5to0 16 vs 12.5 to 15, respectively.

Restraint in salting food was also significantly
greater P<0.05) in the intervention group comparé
with the reference group at all time points. Total
restraint increased from 5.6 to 6.7 vs 5.6 to 6.0,
respectively.

Males: A significantly higherR<0.05) number of
healthy food choices were selected at time points
4 (grades 6-10) but not at the final 2 time points
(grades 11-12). The total increase from baselinge
the same for both the intervention and reference

en
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groups.




Knowledge of healthy food choices was
significantly greater®<0.01) in the intervention
group compared with the reference group at all b
the 3rd time point (grade 8). The total increase in
knowledge score was 12.0 to 15.5 in the
intervention group vs 12.0 to 14.5 in the referenc
group.

Restraint in salting food was significantly diffate
(P<0.05) between the 2 groups at all but the final

end point (grade 12) compared with the reference

group. The total increase in restraint score was 5
to 6.2 vs 5.4 to 5.7 in the intervention and refese
groups, respectively.

D

Reger et al,
1998°

Clarksburg and
Bridgeport, West
Virginia

7-wk campaign

The concept of The 1% or Less campaign was
developed in 1994 by the CSPI. The first

demonstration project was conducted from February

to April 1995 in West Virginia. The campaign laste
7 wk and consisted of paid TV/newspaper/radio a
public relations efforts, taste tests, and edunatio
programs at supermarkets, schools, and worksite
Ads (1 newspaper ad, 2 30-s TV ads, and 2 60-s
radio ads) were developed to encourage consumeg
to switch from whole/2% milk to 1%/skim milk. TV
ads ran 366 times during the first 2 wk and lask2
of the campaign. Radio ads aired 244 times over
wk period in the middle of the campaign. Fourteen
quarter-page newspaper ads were run during the
campaign. Data were collected at baseline,
immediately following the campaign, and 6 mo lat

Ch
s,

D.
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80% of the 1910 taste test participants reported
liking the taste of the skim milk sample, and 94%
said they liked the taste of 1%, skim, or both.
Milk sales increased by 16% and remained high
follow-up.

The share of low-fat milk sales increased from 18
of overall milk sales to 41% of overall milk sales
immediately following the campaign and was
sustained at the 6-mo follow-up.

In the postintervention survey, 38% of responden
who reported drinking whole milk reported they h
switched to low-fat milk.

%

ts
ad

Dunt et al, 1999

N=591 residents
of Greater
Shepparton,
central Victoria,
Australia

3 mo in 1991;
pre- and
postintervention
surveys

Towards a Healthy Diet ran as an early 3-mo
component of a 2-y project conducted by the Vietd
division of the Heart Foundation. Two 5-wk media|
campaigns were implemented. Promotional tools
included TV, radio, brochures, T-shirts, and other
media events. In addition, public policy initiatsre
were integrated into the media campaigns
throughout.

The intervention did not alter either individual
dietary behavior or intention to change dietary
behavior, as assessed by questionnaires and in
supermarket sales figures for milk and table spge
The intervention did affect perceptions about the
level of interest in healthy diet in the community
(more eating places offering healthy food and mqg
local residents eating healthy foods).

Dixon et al,
1998?

N=500 residents
age>20yin
Victoria,
Australia

Campaign TV
ads ran from

1992 to 1995:
Phase 1: Sept 1
19, 1992

Phase 2: Oct 3-

The Victoria “2 Fruit ‘n’ 5 Veg Every Day”
campaign was a broadly based, multilevel statewi
nutrition promotion initiative aimed at increasing
-awareness of the need to eat more fruits and
vegetables and encouraging increased consumpti

of these foods. The lead health agency for the

Reported fruit and vegetable consumption increa
significantly between phases 1 and 2 (during the
most intensive TV advertising) from 1.5 to 1.7
servings per day of fruit$€0.05) and from 2.6 to
3.1 servings per day of vegetables(.001).

No additional increases were seen across the




23,1993
Phase 3: Oct 9-
16, 1994
Phase 4: little
media coverage

campaign was the Victoria Food and Nutrition
Program. The campaign was designed in part afte
the 5-A-Day For Better Health program. A central
feature of the campaign was a short, intensivetbu
of TV ads conducted over a 3-wk period in the f&s
phases of the campaign and 1 wk in the third pha
The mass media program was primarily TV based
but some print and radio ads were also included.

=
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addition to advertising, community-based health and

education professionals, food retailers, and food
service providers were also targeted as routes of
influence. Data were collected via 4 annual
postcampaign telephone surveys condus2@ wk
postintervention.

remaining phases. However, the initial increase was

maintained.

Similarly, during the most media-intensive phase
(1 and 2), significant increases were found in the
level of public awareness, reported consumption,
and beliefs about appropriate levels of consumpt

Croft et al, 199%

N=9839 adults
age>18y living

Intervention
phase: February

The South Carolina Cardiovascular Disease
Prevention Project was designed to reduce CVD

Favorable changes in most eating behaviors and
levels of awareness were observed in both the

o

on

in 2 South 1988 morbidity and mortality by decreasing the prevaienc intervention and control communities.
Carolina September and severity of high blood pressure, elevated «  From 1987 to 1991, the intervention community
communities 1990 cholesterol, and smoking. The intervention focused experienced greater absolute changes than the
(intervention and on media and education and involved multiple control community in use of animal fats8(9 vs
control) segments of the community to promote ~4.0%;P<0.05) and unsaturated fats (+8.4% vs
cardiovascular health and help residents make +3.6%;P<0.05) and in awareness of restaurant
lifestyle changes. Numerous programs were offered,  nytrition information (+33.0% vs +19.4%:
including community classes, grocery store tours, P=0.0001).
speakers’ bureaus, professional education classe$. These favorable changes were noted among bot
home study courses, and worksite nutrition black and white respondents.
programs. Media programs included radio and TV,
PSAs, talk shows, newspaper articles and
supermarket ads. A task force of local restaurant
managers, registered dietitians, and news media was
established to implement the restaurant labeling
program entitled “Eat Smart for a Healthy Heart.”
Data were collected during 3 telephone surveystake
in 1987, 1989, and 1991.
Tian et al, 199% | 7 intervention 1989-1992 The Tianjin Project was a community-based e From 1989 to 1992, mean sodium intake decreas

neighborhoods
and 10 control
neighborhoods in
Tianjin, China

education program to reduce salt consumption. Tk
main activities included training of healthcare
personnel about salt and blood pressure and
providing practical advice to patients, community
education via distribution of door-to-door leaflets
and distribution of posters and stickers to food
retailers. Lower-sodium salt was also introduced i
some limited retail stores. Sodium intake

ne

in men and women by 22 and 11 mmol/d,
respectively, compared with increases of 18 and
mmol/d, respectively, in the control aré2<(0.001
for men,P=0.065 for women).

These changes did not vary by education level of
occupation groups.

Compared with the control area, systolic blood
pressure decreased in men and women in the

ed




(consecutive 3-d weighed food records) and bloog
pressure (directly measured) were assessed in
representative cross-sectional surveys, with >909
participation.

intervention area by 5 and 6 mm Hg, respectively
(P=0.065 for menP=0.008 for women).
Knowledge related to recommended levels of sal
intake, importance of controlling salt, and
differences between regular and low-sodium
mineral salt also improved.

Dowse et al, Mauritius 1987-1992 In 1987,the Mauritiusgovernment launched a * From 1987 to 1992noderate leisure-time physica
1995* national prevention program to improve lifestyle- activity increased from 16.9% to 22.1% in men and
related risk factors by promoting healthier diets, from 1.3% to 2.7% in women. Cigarette smoking
increased exercise, smoking cessation, and reduged decreased from 58.2% to 47.2% in men and fromj
alcohol intake. Primary components of the program  6.9% to 3.7% in women.
included extensive use of mass media and « Heavy alcohol use also declined substantially (frqm
widespread community, school, and workplace 38.2% to 14.4% and 2.6% to 0.6%, respectively).
education activities. Fiscal and Iegislative measur| « Changes in Cooking oils and their estimated effedts
were also introduced to improve cooking oils (see are presented in Supplementary Table 12.
Supplementary Table 12). «  During this same periodieclineswere seen in
_ prevalence of hypertension (from 15.0% to 12.1% in
Cross-sectional cluster surveys of all adults dge 2 men and 12.4% to 10.9% in women), and mean
74y living in geographically defined clusters were| population serum total cholesterol fell by 15%pfrg
performed in 1987 and 1992. 5.5 to 4.7 mmol/L®<0.001).
» Conversely, prevalence of overweight/obesity roge,
and rates of glucose intolerance did not change.
Pekka et al, North Karelia, 1972-1977; The North Karelia Project was a media- and » Targeted dietary habits improved substantiallyhwjt
2002° Finland extended education-based community intervention to improye  associated declines in population blood cholesterol
Puska and Stahl, nationally population blood cholesterol levels and other and blood pressure levels and, over time, rates of
2010° thereafter cardiovascular risk factors by reducing consumption  CHD.

of butter, whole-fat dairy products, nonlean meats
and salt, and increasing consumption of vegetablé
oil-based margarine and vegetable oils, low-fat d
products, lean meats, vegetables, berries, artd fru
Diet education was provided via posters, leafietsl
messages; local newspaper and radio coverage;
primary care doctors and nurses; schools;
collaborative efforts with community groups such
a powerful housewives’ organization; and a netwag
of lay community leaders. Local food manufacture
were encouraged to produce healthier food option
for examplecooperating with the food and catering
industry to lower the sodium content of foods.

The project was subsequently extended to the
national level, with additional substantial focus o
other policy approaches (see “Multicomponent
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Interventions”).
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Lefebvre et al Pawtucket, 1984-1988 The Pawtucket Heart Health Program was a » Between 1984 and 1988, the percentage of shoppers
19873 Rhode Island community-based, multicomponent educational who could identify labels correctly increased from
intervention to lower cardiovascular risk factors, 11% to 24%P<0.05). The percentage who reported
based on a blend of social learning theory, they were encouraged to purchase the identified
community organization models, community foods increased from 36% to 54%<(0.05).
psychology tenets, and diffusion research. Point-gf
purchase nutrition education in supermarkets was| 1
intervention strategy. By using consumer intercept
interviews, awareness of shelf labels and theaogff
on purchase behavior has been continuously
evaluated.
Farquhar et al, 2 treatment cities| 30-64 mo of The Stanford Five-City Project tested whether e When compared with control communities,
199¢° (N=122,800) and| education community-wide health education can reduce risk|jof  significant net reductions in community averages
2 control cities stroke and CHD. Treatment cities received a 5-y, favoring treatment occurred in plasma cholesterol
(N=197,500) in low-cost, comprehensive program using social (2%), blood pressure (4%), resting pulse rate (3%
California learning theory, a communication-behavior change and smoking prevalence (13%).
model, community organization principles, and | «  These risk factor changes resulted in decreases
social marketing methods that resulted in about 26 composite total mortality risk scores (15%) and
of exposure to multichannel and multifactor CHD risk scores (16%).
education. Risk factors were assessed in «  Subjects in the treatment communities also gained
representative cohort and cross-sectional surveysa  significantly less weight (0.57 kg) compared with
baseline and in 3 later surveys. control communities (1.25 kg) over 6 y.
Luepker et al, 3 upper 1980-1990 The Minnesota Heart Health Program wast@ 6-y | «  In the education communities, CHD incidence
1996 Midwestern intervention program that used community-wide ahd  declined by 1.8% per year in meéP=0.03) and
communities individual health education in an attempt to deseea 3.6% per year in womeiP£0.007), but these
with 3 matched population risk. declines were not significantly different from
comparison secular trends in matched control communities.
communities «  Stroke incidence did not decline in either educatio
or control communities.
Winkleby et al, Communities in | 1980s The Stanford Five-City Project, Minnesota Heart | «  The joint estimates of intervention effect weréha
19972 California, Health Program, and Pawtucket Heart Health expected direction in 9 of 12 gender-specific
Minnesota, and Program were community-based heart disease comparisons. However, none of these were
Rhode Island prevention interventions conducted in the 1980s. statistically significant.

Among 12 total cities, 6 cities received&y
interventions for risk reduction, with a major facu
on media and education. When data from the 3
studies were pooled, time trends were estimated for
cigarette smoking, blood pressure, total cholektero
level, BMI, and CHD mortality risk in men and
women age 25-64 vy.




M ulticomponent | nterventions (Including Major Components Beyond M edia and Education, Such as Environmental Change)

Author, y

Population

Duration

Inter vention/Evaluation

Major Findings

Pekka et al,
2002°

Puska and Stahl,
2010¢°

Finland

1970s to
present

The Finnish North Karelia Project was a media- and

education-focused community intervention to
improve population dietary habits. The project was
subsequently extended to the national level, with

additional substantial focus on voluntary agreesent

with industry to increase production and sales of
more healthful foods, modifications of taxation and
subsidy policies for several foods, government-

supported programs to increase local production and

consumption of berries and vegetables, and
restrictions on milk fat (see “Taxation and Subesidi
and “Direct Restrictions and Mandates”).

From the late 1970s to 1998, the proportion of &inn
who reported using mostly butter on bread declined
from 60% to 5%. Vegetable-oil soft margarines and
butter—vegetable oil mixtures were the main
replacement for butter.

From 1978 to 1998, the proportions of men and
women using whole milk declined from 44% to 99
and 35% to 4%, respectively.

From 1972 to 1997, the proportion of Finns who
mainly used vegetable oil for cooking increased
from 1% to 2% to 34%; increases were even higher
in urban areas.
Overall, between 1972 and 1997, the percentage of
energy derived from saturated fats declined from
21% to 14% and from polyunsaturated fat increased
from 3.5% to 5.0%, substantially increasing thérat
of polyunsaturated to saturated fats.
These and other dietary changes were associated
with substantial declines in population cholestero
levels, including 18% declines in North Karelia and
similar declines in other monitored areas.
On the basis of urine sodium excretion, mean daily
salt intakes declined from about 14-15 g in men
(unknown in women) to about 11 g in men and 7 (g
in women.
Diastolic blood pressure decreased by 5% in men
and 13% in women.
Age-standardized CHD mortality among adults age
35-64 y decreased by 73% in North Karelia and by
65% in the whole country between 1971 and 1995.
About 75% of this decline could be explained by
improvements in population risk factors (especially
declines in blood cholesterol) rather than charges
medical treatments.

(=)

Bhalla et al,
2006*

N=4084
Singapore
residents

1998-2004

A survey evaluated the National Healtifigstyle
Program, a population-wide, noncommunicable
disease, multicomponent intervention program
created in 1992. It aimed to provide information,
skill training, and the social and physical

Hypertension in Singapore residents age 30-69 y
decreased from 28% in 1998 to 24% in 2004.
Prevalence of high cholesteralg2 mmol/L)
decreased from 26% to 18%.
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environments necessary to encourage healthy livi
by Singapore residents. This multiple-strategy
program includes innovative media and
communication activities, systematic involvement
government agencies, community organizations,
workplaces and schools, and collaboration with th
food industry to provide healthier food choiceseTh
program is evaluated every 6 y using population-
based cross-sectional surveys. This paper reporte
findings from 1998 to 2004.

of

Prevalence of diabetes decreased from 9.5% to
7.8%.

Prevalence of obesity was not significantly chang
Smoking rates decreased from 15% to 12.5%.
Regular exercise increased from 17% to 25%.

Economos et al,
2007°

N=1178 children
in grades 1-3
attending public
schools in 3
culturally diverse
communities in
Somerville,
Massachusetts (1
intervention, 2
controls)

Intervention
lasted 3y
(September
2002-August
2005); data
collected
covered 1
school year
Pretest:
September
2003
Posttest: May
2004

Shape Up Somerville: Eat Smart, Play Hard was ¢
of the first collaborative community-based
participatory research initiatives designed to ggan
the environment to prevent obesity in early
elementary schoehge children. Many groups and
individuals within the community, including
children, parents, teachers, school food service
providers, city departments, policy makers,
healthcare providers, before- and after-school
programs, restaurants, and the media were involv
in the multicomponent intervention.

ne

The average change in BMkcore in the
intervention community was0.130 compared with
control 1 £<0.02) and-0.105 compared with
control 2 £<0.02). When the 2 control
communities were pooled, the average change in
BMI z score was-0.1005 in the intervention
community compared with the control communitie
(P<0.001).

Parental education was not a significant predicfo
BMI z score change, nor were other factors such
the child’s sex, grade, age, race, primary languag
spoken at home, school, or local community.

£S

as

PBH indicates Produce for Better Health Foundati®®A, public service announcement; Gen X, GeneraficGen Y, Generation Y; CDC, Centers for Dise@satrol and
Prevention; BRFSS, Behavioral Risk Factor SurvedaSystem; SES, socioeconomic status; FFQ, feagiéncy questionnaire; CSPI, Center for ScientleaiiPublic Interest;
CVD, cardiovascular disease; CHD, coronary heagake; and BMI, body mass index.

Note: Reference numbers (eg, Connell et al, R)@ppearing in this supplementary table correspuitiiithose listed in the reference section of tlagesnent. For the purposes
of this supplementary table, these meta-analyssgstematic reviews (see "Author, y" column) arasidered the primary citation. Additional studiesntioned in the primary
citation may be included in the "Intervention/Expas’ and "Findings" columns. The additional studias be accessed through the primary citation.
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Supplementary Table 10a. L ocal Environmental Changeto Improve Physical Activity (Community Settings)

Accessibility of Recreation or Exer cise Spaces and Facilities

Children and Adolescents (Outcome: Physical Activity)

Design and Number

Author, y of Studies Population Exposure | Outcome Findings

IOM Committee | Systematic review, Childrenor | Accessto | Physical activity | «  On the basis of 2 reviews and a cross-sectiondy/sthe authors

on Childhood including 4 reviews, 1 | adolescents | recreationa concluded that availability and accessibility ofksaor playgrounds

Obesity longitudinal and 2 | facilities in the neighborhood is positively associated whlidren’s level of

Prevention cross-sectional studies (general) physical activity and may reduce sedentary timeoate.

Actions for on the exposure- « Onthe basis of 1 review and 1 prospective stutyauthors

Local outcome relation in concluded that access to recreational facilitigmisitively associated

Governments, this section with physical activity and inversely associatedhvwabesity.

2009 »  On the basis of a cross-sectional study, it wasloded that access
to well-maintained parks is a more important prabla high-density
lower-SES neighborhoods.

Committee on Systematic review, Children Access to | Physical activity | «  Density: Of 4 studies, all reported a significaositive association

Environmental | including 5 studies on recreationa between density of parks and physical activity.eehstudies used

Health, the exposure-outcome [ facilities park area as the environmental variable, and 1 ngetber of

American relation in this section (density- recreational facilities. Epstein et al (2006) coctéd a crossover

Academy of inequalities experimental study among 58 children age 8-15 . §hdy included

Pediatrics, in access) 3 phases (baseline, increased sedentary behanébdexreased

2009 sedentary behavior), with each phase lasting fok.3n intervention

phases, participants were encouraged to increasdecoease
sedentary behaviors by 25%-50% and were providédwg to $475
for adherence to recommendations. In the decresesehtary
behavior phase, the extent of increase in timetspephysical
activity was positively associated with accessfidek land (hectares
within 0.8 km P=0.01). Also, in this phase, living in an area wath
large community park was positively associated BRI min more
MVPA per day. Roemmich et al (2006) studied the@eisdion of
GIS-derived percentage of park area in the neididud with
physical activity among 32 boys and 27 girls agey-They found a
significant positive association between percentdgmrk area and
total physical activity<0.05). In a similar study, Roemmich et al
(2007) studied the same relation among 44 boysldrgirls age 8-12
y. After adjustment for age, sex, parental overiwgignd time
activity monitor worn, percentage of park area associated with
total physical activity <0.05). Also, among a nationally
representative sample of US adolescents (N=20jA4fades 7-12,
Gordon-Larsen et al (2006) showed that the numbfarcdities in the
neighborhood was positively associated with physictvity and




inversely associated with overweight. After adjustinfor population
density, the presence of 1, 2, 3, 4, and 5 fagdlitn the neighborhooc
was associated with a 3%, 7%, 10%, 14%, and 18%ase in the
odds of having 5 bouts of MVPA and with a 5%, 10%%, 20%,
and 24% decrease in odds of being overweight, ctispéy.
Inequalities in access: Gordon-Larsen et al (2@086) showed that
living in a lower-SES area or areas with a highencpntage of
minorities is associated with reduced access tgipalactivity
facilities. Also, among 160 adolescents age 12;18wnbert et al
(2006) showed that those who lived in lower-SE&sigere more
likely than their affluent peers to report thatesmrby recreation
facility is important for their degree of physiativity.

Sallis and Glanz,| Narrative review, Children Access to | Physical activity | «  On the basis of a review by Davison et al (2006 (selow), the
2009® including 1 review on recreation authors concluded that proximity to parks, playgas) and
the exposure-outcome facilities recreation areas was consistently associated Wiltiren’s total
relation in this section (distance) physical activity.
Ferreira et al, Systematic review of | Children (age| Local Physical * A wide range of physical, sociocultural, and ecoimvariables
2007* 150 studies, mostly | 3-12y)and | environment activity were evaluated in these studies, but only a fevewgamined in
cross-sectional, adolescents | al >3 independent samples.
published from (age 13-18y) | characteristi «  Of 20 independent samples in which the relatiomwben
January 1980 to s, including access/availability to physical activity equipmeatilities, or
December 2004, access/availa programs and physical activity was assessed idreimi| 3
including 45 bility to samples found a positive association and 17 fownsignificant
independent samples physical association.
in adolescents and 20 activity «  Of 45 independent samples in which the relatiomben
in children on the equipment, access/availability to physical activity equipmeatilities, or
exposure-outcome facilities, or programs and physical activity was examined in est#nts, 11
relation in this section programs samples found a positive association, 2 found eerge
association, and 32 found no significant assoaiatio
¢ Onthe basis of these findings, the authors comrdubat the
availability or accessibility of physical activifscilities was
unrelated to physical activity.
Davison and Review of 33 cross- | Children age [Perceived o | Physical General:
Lawson, 2008" | sectional studies, 3-18y objectively | activity « Carver et al (2004): Among 347 Australian girls days age 12-
including 12 studies on measure( 13y, parental reports of the presence of goodtisigoiacilities

the exposure-outcome
relation in this section

environment
categorizec
into
recreationa
infrastructure
(eg,
availability of
parks/playgr

unds)

for their children nearby were associated with bigthildren’s
reports of walking or cycling in the neighborhodak (recreation,
transport, exercise, or going to school).

Density: Of 10 studies, 9 reported a significargifioe
association:

Sallis et al (1993): Among preschool children,gn#icant
positive association was seen between parentatteepiothe
number of play areas within walking distance of lkecand

observed levels of physical activity.




transport
infrastricture
(eg, traffic
speed/densit
presence ¢
sidewalks,
and local
conditions
(eg, safety,
crime]

Sallis et al (2001): In a study of 137 physicahdtt areas in 24
public middle schools in San Diego County, Califarma
significant positive association was seen betwhemtmber of
permanent area sport facilities (eg, tennis cosdsger fields,
baseball diamonds) amdbserved physical activity in each play
area only in boys, not girls.

Timperio et al (2004): Among 919 Australian elenaeptschool
children, ages 5-6 and 10-12 y, only older girist @der boys or
younger children) who reported no park in the dva lower
rates of walking and cycling (OR=0.5; 95% CI, 0.8;®<0.01).
Hume et al (2005): In a study of 127 children a@e/ 1the
children were instructed to draw pictures of th@me and
neighborhood. Girls who drew more opportunitiesghysical
activity, eg, the presence of facilities such amgynd swimming
centers, had higher objectively measured physitality.
Zakarian et al (1994): Self-reported number oflfies for sports
and exercise in the area was correlated with adeteself-
reported vigorous activity (boys+=0.17;P<0.001; girlsr=0.10;
P=0.002).

Brodersen et al (2005): Amod@20 English boys and girls, the
objectively measured number of sport pitches indiv@ugh was
associated with higher self-reported vigorous @gtiwmong girls
(p=-0.02;P=0.03) but not boys.

Norman et al (2006): Among 799 US adolescentsoHjectively
measured number of private recreational facilidied parks
within 1.6 km of home were associated with higher
accelerometer-measured MVPA among adolescent girls
(unadjuste®=0.110;P=0.016) but not boys.

Mota et al (2005): Among 1123 Portuguese studeyesli&-18 y,
adolescents’ reports of availability of facilitisach as swimming
pools, playgrounds, and parks were associatedhigtier self-
reported activity P=0.03).Fein et al (2004): Among 610 high
school students in rural Alberta, Canada, a p@s#issociation
was seen between perceived availability of convénie
neighborhood recreation facilities and physicaivégtlevels.
Dunton et al (2003): Among 87 US girls age 14-1#gy,
association was seen between perceived exercifigdadn the
community and self-reported physical activity.

Distance: Of 2 studies, 1 found a significant aggmn:

Gomez et al (2004): Among 177 US adolescents imgiEte, a
significant positive association was seen betwdxectively
measured distance to the nearest play area andasdtivity
only in boys p=-0.317;P=0.006), not girls.

Adkins et al: Among 52 US black girls age 8-10 g,significant
association was seen between parental and chidreports of




Children and Adolescents (Outcom

e Obesity)

distance to playgrounds and parks and childrenéctiely
measured physical activity.

Design and Number

Author, y of Studies Population Exposure | Outcome Findings

Carter and Systematic review of | Children and | Access to | Adiposity, eg, Of 4 studies, 1 found a significant inverse asgmicbetween access to

Dubois, 2016° | 27 studies published | adolescents | recreation | skin-fold recreational facilities and obesity, and 1 fourgigmificant positive
between1999 and 2009age 2-18 y facilities thickness, BMI, | association between the number of locked schodtseimeighborhood
including 4 studies on (general, percentage of and BMI.
the exposure-outcome density) lean body mass,| «  General: Veugelers et al (2008) studied the assogiaf parental

relation in this section

etc

perception of access to playgrounds/parks andatoral facilities
with overweight and obesity among 5471 studen&thngrade from
urban and rural areas of Nova Scotia, Canada. Attprstment for
child gender, parental education, and householshigs children in
the highest tertile of access to playgrounds/phadssignificantly
lower odds of overweight (OR=0.76; 95% CI, 0.625).8nd obesity
(OR=0.71; 95% CI, 0.53-0.99). However, after stiedtion by
residence (urban or rural), access to playgrouadsspras
significantly associated only with overweight imalichildren
(OR=0.68; 95% CI, 0.48-0.97). Also, being in thghdast tertile of
access to recreational facilities was inverselpeiased with
overweight (OR=0.71; 95% CI, 0.56-0.90) and obe&tiR=0.58;
95% CI, 0.40-0.84). After stratification by residensignificant
association was only observed between accessreatemal
facilities and obesity among rural children (OR=0.85% Cl, 0.23-
0.95).

Density: Evenson et al (2007) studied the relatietween self-
reported number of physical activity facilitiestire walking distance
and overweight among 1554 girls in the 6th gradenf6 states.
Participants were asked to report accessibilitysbfypes of facilities
from their home or school. These facilities inclddmsketball court,
beach/lake, golf course, health club, martial sitslio, playing field,
park/recreation center/'YMCA/YWCA, track, skatingkj swimming
pool, walking/biking/hiking path, tennis court, addnce/gymnastic
club. After adjustment for school, site, nonscholysical activity,
neighborhood SES, no significant association wasdowith
overweight and obesity. In another study usingstirae population,
Scott et al (2007) did not find any significant@sation between the
number of parks, number of unlocked schools, oirfgaat least 1
school within a 0.8-km radius of home and BMI. Hoee they
found a significant association between the nurob&cked schools
in the neighborhood and BMI.

Distance: Burdette and Whitaker (2004) compared #B&rweight




(BMI >95th percentile) and nonoverweight children agey3a#d did
not find any significant difference in mean distanc the nearest
playground (kilometers) between overweight (0.32pand
nonoverweight (0.31+0.22=0.77) children.

Dunton et al, Systematic review, 15| Children and | Accessto | Obesity « In this systematic review, studies were divide® idtmajor

2009*° studies published adolescents | recreationa groups based on the age range of the study popusat8-12 y
before May 2008 (14 | age 3-18y | facilities and 13-18 y).
cross-sectional and 1 (general, «  General: Among children age 3-12'y, 1 study foumihaerse
longitudinal), density) association and 1 found no association betweersa¢oghysical
including 6 studies on activity facilities and obesity.
the exposure-outcome Density: Among children age 3-12 vy, 1 study fourmbaitive
relation in this section relation between the number of locked schoolyardsabesity.

Among children age 13-18 y, 1 study found an ineeedation
between the number of physical activity and redoeat facilities
and obesity; 2 studies did not find any associatietween the
number of private recreational facilities and obesind 2 studies
did not find any association between the numbgraoks and
obesity.

« Distance: Among children age 3-12 y, 2 studiesmitifind any
association between proximity to playgrounds, paaksl play
areas and obesity. Among children age 13-18 ydysdid not
find any association between distance to nearesitpr
recreational facility and obesity; and 1 study wid find any
association between areas of parks and distartbe teearest park
and obesity.

Papas et al, Review of 20 studies | Children Obijectively| Direct Density:

2007% (18 cross- sectional, 2 measured | measures of «  Among 20,745 US adolescents in the National Lomljital Study
longitudinal), access to | body weight of Adolescent Health, after adjustment for popolaiiensity,
including 3 studies on recreationa| (eg, BMI) Gordon-Larsen et al (2006) found that the numbgrhgkical
the exposure-outcome | facilities activity facilities per census block group was irsedy associated
relation in this section (density, with overweight. Compared with no activity fac#is in the block
among children distance) group, having 1, 2, 3, 4, 5, 6, or 7 facilitieshe census block

was associated with 0.95 (0.90-0.99), 0.90 (0.83)0.0.85 (0.74-
0.97), 0.80 (0.67-0.96), 0.76 (0.60-0.95), 0.78%60.95), and
0.68 (0.49-0.94) lower odds of overweight, respedtyi.

Distance:

Two studies (Liu 2002, Burdette 2004) found notietabetween
distance from home to the nearest playground aeditgh
Among 7020 low-income children age 3-4 y partidipgin WIC
programs in Cincinnati, Ohio, Burdette and Whita{@004)
found no significant relation between distance fith child’s
home to the nearest playground and obesity.

Among 2554 children age 4-18 y living in Indianay et al
(2002) found no significant difference between med@tance to
the nearest public play space among obese (563 m)nobese




children (571 m).
Adults (Outcome: Physical Activity)

exposure-outcome
relation in this section

Author, y Bigt;qer of Studies Population Exposure | Outcome Findings
Frost et al, Systematic review of | Adults (age | Accessto | Physical activity | «  Of 4 studies, 1 reported significant positive agstian between
2010%° studies published >18y) in recreation general access to indoor exercise facilities agdlee walking.
between 1994 and rural areas | facilities «  Wilcox et al (2003) studied the relation betweercpved access to
2008, including 4 (general) exercise facilities and physical activity leveltfae/sedentary) amon
studies on the 1242 rural and 1096 urban US women (24@ y). After adjustment
exposure-outcome for age, race, education, geographical region,hiichood variables
relation in this section and health-related behaviors, no significant asgiori was found
between access to facilities and sedentary belawiarban
(OR=0.96; 95% CI, 0.65-1.42) or rural populatiorR€1.09; 95%
Cl, 0.81-1.41).
« Among 1000 rural midwestern white women age 25-3ByWer
(2003) did not find any significant associationvaetn knowing of a
place to exercise in the neighborhood and meetiag t
recommendations for physical activity (OR=0.99; 96%50.99-
1.00).
e In a similar study among 567 black women in ruraba of Alabama,
Sanderson et al (2003) found no significant assiocidetween
knowing a place to exercise in the neighborhoodraedting the
recommendations for physical activity (OR=0.86; 96%0.56-
1.33).
« Bronson et al reported a borderline significanbaigion between
access to indoor exercise facilities and reguldkimg among 1269
rural adults in southeastern Missouri (OR=1.3; 95k61.0-1.7).
Sallis and Glanz,| Narrative review, Adults Access to | Physical activity | «  On the basis of a review by Bauman and Bull (2008 authors
2009® including 1 review recreationa concluded that there is a positive relation betwseximity to
about the exposure- | facilities recreational facilities and physical activity.
outcome relation in (general,
this section distance)
Bauman and Systematic review of | Children and | Access to | Physical activity | «  All 8 studies on the relation between access trestional
Bull, 2007® reviews published adults recreationa | or walking facilities and physical activity found a positivesaciation:
between 2002 and | facilities « A narrative review by Badland and Schofield (20f@&nd a
2007, including 8 (general, significant positive association between accedgaditities within
reviews about the distance) walking distance and parks and physical activity.

A systematic review by Cunningham and Michael (90@gorted
a positive association between proximity to faieiitor parks and
physical activity.

A meta-analysis by Duncan et al (2005) showed @ifsignt
positive relation between availability of physieativity facilities
and physical activity. (Please see below for Duretaal, 2005.)




A systematic review by Humpel et al (2002) foursigmificant
positive association between accessibility of faes, including
nearby parks and physical activity.

A systematic review by Lee and Moudon (2004) iderdilack of
access to facilities as a barrier to physical égtiv

A systematic review by McCormack et al (2004) foand
significant positive association between shortstadice to
resources for activity and level of physical adtivi

A systematic review by Trost et al (2004) reporegignificant
positive association between access to facilitireslavel of
physical activity.

A systematic review by Wendel-Vos et al (2005) fdsignificant
positive association between proximity to recraaldacilities
and vigorous physical activity.

Duncan et al, Meta-analysis: Adults Access to | Physical In crude (unadjusted) analyses, no variables demmaiad a
2005*° 16 studies published recreationa| activity as a significant association with physical activity.
between January 198¢ | facilities | binary factor, After adjustment for age, income, and educatioeal, the
and February 2005. (general) | eg, any walking, perceived presence of physical activity facilitess positively
The number of studies sufficient associated with physical activity (OR=1.20; 95% T06, 1.34).
on the exposure- walking, Significant unexplained heterogeneity was preseqd(05).
outcome relation in sufficient
this section was not leisure-time
reported. activity
Humpel et al, Review of 19 studies | Adults Perceived | Physical activity Among 3392 Australian adults, Ball et al (2001)rfduhat
2002 (18 cross-sectional, 1 (16 studies) convenience (a park or beach within walking distaaccessible
longitudinal), and/or cycle path, shops within walking distance) was ey associated
including 6 studies on objectively with walking for exercise (yes/no) in the past 2 fidw vs high,
the exposure-outcome determined OR=0.60 [0.46-0.77]), after adjustment for age, sexi education.
relation in this section (4 studies) Among 2374 older Australian adults, Booth et alfda positive
physical association between access to recreational fasil{gg, recreation
environme center, cycle path, golf course, gym, park) anddpeictive (vigorous
nt activities, walking for exercise, leisure, and made activities>800

categorized
to
accessibilit
y of
facilities,
opportuniti
es for
activity,
weather,
safety, and
aesthetics

kcal/kg per week) (OR=1.14; 95% CI, 1.03-1.26)ea&djustment
for sociodemographic, social-cognitive, and peregignvironmental
variables.

Among 413 adults, mean age 51y, use of bikewagsewvaluated in
relation to perceived presence of sidewalks, héaaffic, enjoyable
neighborhood scenery, distance from bikeway, amthigea busy
street or steep hill to cross on the way to thewdky. After
adjustment for age and sex, several factors weersely associated
with bikeway use, including self-reported and GiSahce from the
bikeway, a busy street to cross, and a GIS-measteeg-hill barrier.
Among 2053 adults in San Diego, California, no gigant
association was seen between perceived conveniéecercise
facilities (eg, aerobic dance studio, bike lan@ning track) and




vigorous exerciseR=0.52).

When the preceding association was assessed ptioshe@4-mo
changes in physical activity were predicted byrteghborhood
environment but only in initially sedentary mdét=(.04).

Among 14,674 adults age 18-69 y who participateithénCanada
Fitness Survey in 1983, women who reported no phsictivity
facility in their neighborhood were more likely participate in
physical activity. No significant association wags in men.

Adults (Outcome: Obesity)

Frost et al, Systematic review of | Adults (age | Accessto | Physical + Boehmer et al (2006) studied the relation betwesaa to walk from

20106% studies published >18y) in recreationa| activity/obesity home to the nearest recreational facility and dpeshong 1476
between 1994 and rural areas [ facilities adults living in rural areas of Missouri, Tennesseal Arkansas.
2008, including 1 (distance) After adjustment for age, gender, education, neighiiod variables,
study on the exposurer and health-related behaviors, the presence oflatpar was more
outcome relation in than a 20-min walk from home was positively asgediavith obesity
this section (OR=1.53; 95% ClI, 1.10-2.11).

Papas et al, Review of 20 studies | Adults Obijectively| Direct Density:

2007*° (18 cross- sectional, 2 measured | measures of « Of 2 studies, 1 found a significant inverse asgmia
longitudinal), access to | body weight +  Mobley et al (2006): Among 2692 women, the numbditoess
including 3 studies on recreationa | (eg, BMI) facilities per 1000 residents was associated w8 kg/nf lower
the exposure-outcome | facilities BMI (P<0.05) and 15.1% lower calculated 1-y CHD risk
relation in this section (density, (P<0.05).
among adults distance) + Rutt and Coleman (2005): Among 996 Hispanic adnlfEexas,

there was no significant relation between the numbécal
resources for physical activity and BMI.

Distance:

Of 2 studies, 1 found a significant positive redatbetween
distance from home to the nearest recreationdltiaand
obesity:Giles-Corti et al (2003): Among 1803 Aub#ma adults
age 18-59 y, there was a significant positive datot between
poor access (distance) to recreational facilities @besity.

Rutt and Coleman (2005): Among 996 Hispanic adaolfBexas,
there was no significant relation between distandecal
physical activity facilities and BMI.

Additional Original Articles, 2007-2010*

Author, y Design Population I ntervention/Exposure Outcome Major Findings
and
Duration
Coombes et al, | Cross- N=6803 Distance by road from home to «  Frequency of After adjustment for age, sex, SES, self-ratedtheal
2010 sectional, | residents age| 5 types of green space, visiting green and area deprivation:
2005 >16yin including those with organized spaces e People who lived farther from formal green
Bristol, layout (formal green spaces), | «  Engaging in at space (>2250 m) compared with those living
United informal design (informal nearer (<830 m) had lower odds of visiting the




Kingdom

green spaces), habitats such
woodland (natural green
spaces), areas designed for
children or teenagers (youth
green spaces), and playing
fields and tennis courts (sport
green spaces)

least 5 sessions per
week of >30 min

of physical activity

e Overweight or
obesity

green space at least once a week (OR=0.64;
95% Cl, 0.55-0.75), lower odds of doir§
sessions per week of >30 min of physical
activity (OR=0.76; 95% CI, 0.65-0.88), and
higher odds of being overweight or obese
(OR=1.27; 95% ClI, 1.09-1.47).

People who lived farther from informal green
space (>680 m) compared with those living
nearer (<200 m) had lower odds of visiting the
green space at least once a week (OR=0.80;
95% CI, 0.68-0.93) and lower odds of being
overweight or obese (OR=0.83; 95% ClI, 0.72-
0.97).

People who lived farther from natural green
space (>800 m) compared with those living
nearer (<250 m) had lower odds of visiting the
green space at least once a week (OR=0.80;
95% CI, 0.68-0.94); similar findings were seen
for sport green space (OR=0.87; 95% CI, 0.74-
1.02). No relation was seen between distance to
these green spaces and activity or adiposity.
After further adjustment for multiple
neighborhood variables (road density, number
of junctions per kilometer of road, ratio of
junctions to cul-de-sacs, percentage of
population age >60 y, percentage of nonwhite
population, percentage of population who
actively transport to work, and percentage of
population with limiting long-term illness), only
the associations of formal green space with
physical activity remained significant.

)

Witten et al, Cross- N=12,529 Travel time (by car) to the » Sedentary behavior | After adjustment for age, sex, race, individual SES
2008 sectional, | adults (age nearest park derived from GIS (<30 min per week of | deprivation, and type of residence (urban/rural):
2002-2003| >15), physical activity) » Distance to the park was not associated with BM
nationally «  Meeting activity (B=—0.02; 95% Cl, —0.08-0.05), sedentary
representativ guidelines ¥2.5 h on behaviors (OR=0.84; 95% ClI, 0.63-1.11), or
e sample in >5 days per week) meeting physical activity guidelines (OR=1.15;
New Zealand « BMI 95% ClI, 0.96-1.37).
Boone-Heinonen| Cross- N=10,359 US| Percentage of green space Participation in wheel- After adjustment for individual and neighborhoodSSE
et al, 2016 sectional, | adolescents, | coverage and distance to the | based activities (eg, variables:
1994-1995| grades 7-12, | nearest neighborhood or majoy bicycling, roller skating); | « Green space coverage was positively associated
nationally parks derived from GIS active sports; exercise; an with MVPA in boys and girls (for 10%-20% vs
representativ >5 bouts per week of <10% green space: OR=1.62; 95% Cl, 1.10, 2.3
e, in the MVPA and with exercise participation in girls (OR=1.73;
National 95% ClI, 1.21, 2.49) but not boys.




Longitudinal e Green space coverage was not significantly

Study of associated with wheel-based sports or active sports
Adolescent « Distance to parks was associated with higher
Health participation in active sports by boys and girls.

« Distance to parks was associated with higher
participation in wheel-based activities and MVPA
in girls but not boys.

Boone-Heinonen| Prospectiv| N=12,701 US| Number and population density Number of bouts of MVPA  In cross-sectional analysd®r adjustment for
et al, 20183 | e cohort, | adolescents, | of pay and public physical individual SES:
1994-1995| grades 7-12 | activity facilities (per 10,000 «  Number of physical activity facilities within 3 km
to 2001- at baseline, | population) derived from GIS. was associated with MVPA but with some variatipn
2002 nationally Longitudinal analyses also by urbanicity and sex.
representativ | assessed land-cover diversity, « Density of physical activity facilities was not
e, in the street connectivity, and crime significantly associated with MVPA.
National rate. In longitudinal analyses, after adjustment for noeed
Longitudinal covariates and within-person time-invariant factors
Study of « Greater density of pay facilities was positively
ﬁdoﬁlhscent associated with MVPA in boys but not girls.
eal

« Density of public facilities was not associatedhwit
higher MVPA.

See Supplementary Tables 10b, 10c, and 10d for

findings on land-cover diversity, street connetyivand

crime rate, respectively.

IOM indicates Institute of Medicine; SES, socioegoric status; MVPA, moderate to vigorous physicaivity; GIS, geographical information systems; BMbdy mass index;
OR, odds ratio; Cl, confidence interval; YMCA/YWCXpung Men’s Christian Association/Young Women'sriStian Association; WIC, Women, Infants, and Ctelat and

CHD, coronary heart disease.

*Given the array of smaller, cross-sectional, obatonal studies that were already captured irptitdished narrative and systematic reviews idesdifiere, in the writing
group’s additional systematic searches for origarttles published after 2007, performed by mexrBubMed searches, evaluation of related artieled,hand searches of
reference lists, the writing group focused on thadditional studies that were randomized trialgsipexperimental studies, longitudinal studiedaoge (N>5000) cross-sectional

studies.



Supplementary Table 10b. Local Environmental Change to | mprove Physical Activity (Community Settings)

Land-Use Design (L ocations and Accessibility of Destinations)*

Children (Outcome: Physical Activity)
Design and Number of

Author, y Studies Population | Exposure | Outcome Findings
Feng et al, Systematic review, Children/ Land-use | Physical Of 3 studies, 1 found significant positive assaciabetween land-use mix
2010°* including 3 studies on | adolescenty mix activity/travel | and physical activity, and 1 found significant piesi association between
the exposure-outcome mode to land-use mix and biking/walking to school:
relation in this section school

Overall land-use mix:

« Kligerman et al (2007) studied the relation betwkel-use mix and
objectively measured physical activity among 98tevlor Mexican-
American adolescents age 14-17 y living in San Bi€gunty,
California. Land-use mix was defined as the geometean of 5 land
uses in 3 buffer sizes (0.4, 0.8, and 1.6 km) attdbe participant’s
home. After adjustment for age and ethnicity, laisé-mix at a 0.8-km
buffer around home was positively associated witysfral activity
(point estimate and 95% CI were not reported).

* Norman et al (2006) studied the relation betwead-ase mix and

objectively measured physical activity among 7968lestcents age 11-15%

y living in San Diego County, California. Land-uséx was defined as
the geometric mean of acreage for 5 types of la®lfresidential,
institutional, entertainment, retail, and officEhe mean land-use mix
for a 1.6-km buffer around participants’ homes @&8. Given that no
significant association was observed between lagdriix and physical
activity in bivariate analysis, it was not includiedthe final model. The
estimates of bivariate analysis were not provided.

« Kerr et al (2006) studied the association of peextiand objectively
measured land-use mix and parental report of métrammsport to schoo
among 259 children age 5-18 y in Seattle, King @puVashington.
Perceived land-use mix was computed using NEWSa¥eb on parentg
responses to questions about proximity to (landmuigediversity) and
accessibility of nonresidential destinations (larsg- mix access).
Objectively measured land-use mix was computedgusie method
described in Frank et al (2004) (see below). Adidiustment for child
age and gender, parental education, and paremteéats, only
perceived land-use mix access was positively agttiwith active
commuting to school (OR=1.8; 95% CI, 1.05-3.42).g\gnificant
associations were found between walking/bikingctwosl and perceived




land-use mix diversity (OR=1.9; 95% ClI, 0.96-3.69)GIS-measured
land-use mix (OR=1.5; 95% ClI, 0.85-2.77).

Galvez et al,
2010°°

Systematic review of
articles published
between January 2008
and August 2009,
including 2 articles on
the exposure-outcome
relation in this section

Children/
adolescents

Land-use
mix/distan
ce to
school

Physical
activity/travel
mode to
school

Both studies found significant positive associati@tween land-use mix ang
active transport to school. One study found sigaiit inverse association
between distance to school and active travel toalch

Overall land-use mix:

« Rosenberg et al (2009) studied the relation betweeceived land-use
mix and physical activity among 171 adolescente (E2r18 y) living in
Boston, Massachusetts; Cincinnati, Ohio; and Sag@iCalifornia. The|
NEWS-Y was used to assess land-use mix. After adgprst for
adolescent gender, race, and parental income,us@dnix access was
positively associated with walking to shops(0.0001) and walking to
school P=0.002) once per week. No significant association feand
between land-use mix access and meeting recommegnysdtal
activity levels P=0.13).

e Larsen et al (2009) studied the relation betwee®-@easured land-use
mix and self-reported mode of travel between hontesthool among
614 students age 11-13 y. Land-use mix was defisezl/enness of
distribution of 6 types of land uses (recreatioagtjcultural, residential,
institutional, industrial, and commercial) in a farfof 500 m around
participants’ homes and a buffer of 1.6 km arouadigipants’ schools.
Land-use mix was calculated as

Yu(Py Inpy)
InN

(Note: u indicates land use classification; p, prtipn of land dedicated
to a particular land use; and N, total number péllases).

In a stepwise logistic regression, after adjustni@ngender, household
income, residential density, and distance to sghaldren living in
areas in the upper quartile of land-use mix wereenlikely to actively
travel between school and home compared with thisg in the lower
guartile (OR=3.46; 95% CI, 1.60-7.47). After adjuent for gender,
street trees in the home neighborhood, and distansehool, children
going to schools in the upper quartile of land-onbe were more likely
to actively travel between school and home (OR=28% Cl, 1.63-
5.12).

Distance to school:

e In 614 students age 11-13y, after adjustmentdéadgr, household
income, residential density, and land-use mix, ¢anst al (2009) found
significant inverse association between distanaehwmol and active
transport from school (OR=0.44; 95% ClI, 0.35-0.56).




Dunton et al, Systematic review: Children/ Land-use | Physical Of 2 studies, 1 found significant positive assaciabetween land-use mix
2009°° 15 studies published adolescenty mix activity and physical activity.
before May 2008,
including 2 studies on Overall land-use mix:
the exposure-outcome
relation in this section « Kligerman et al (2007): See above.
¢ Norman et al (2006): See above.
IOM Systematic review, Children or | Land-use | Physical * On the basis of a review by Badland and Schofi2d®$) and a cross-
Committee on | including 2 reviews and| adolescenty mix/distan | activity/activ sectional study by Frank et al (2004), it was codet that living in a
Childhood 4 cross sectional studies ceto e transport to balanced land-use mix in the neighborhood is paditiassociated with
Obesity on the exposure- school school or physical activity.
Prevention outcome relation in this other «  On the basis of a review by Saelens and Handy (2@08as concluded
Actions for section destinations. that proximity to destinations was positively asated with walking and
Local bicycling to destinations.
Governments, * On the basis of 3 cross-sectional studies by TélHendy (2008), Kerr
2009 et al (2006) (see above), and McDonald (2007) lgedaw), it was
concluded that distance from home to school wascésed with active
transport to school.
Brownson et al, | Systematic review, Children or | Land-use | Physical Of 4 studies, 1 found significant positive assaciabetween land-use mix
20092 including 4 studies on | adolescenty mix activity/travel | and walking/biking to school and 1 found significaositive association
the exposure-outcome mode to between land-use mix and physical activity.
relation in this section school
Land-use mix:
* Ewing et al (2004) studied the relation betweewl{ase mix at the level
of TAZ and mode of travel to school among 3815 eis living in
Alachua County, Florida. Land-use mix was definsdiegree of land-
use balance between jobs and residents at the &/ &nd was
assessed by 2 indicators. No association was fbatwieen land-use
variables and active mode of transport to schasilr(@tes were not
provided).
« Kerr et al (2006): See above.
« Norman et al (2006): See above
« Kligerman et al (2007): See above.
Lovasi et al, Systematic review of 45| Children or | Land-use | Walking/trav | Of 2 studies, 1 found significant positive assaciabetween land-use mix
2009 US studies (sample size adolescenty mix el mode to and active transport to school and 1 found sigaifigpositive association
>100) published school between land-use mix and walking:

between January 1995
and January 2009,
including 2 studies on
the exposure-outcome
relation in this section

Overall land-use mix:

« Kerr et al (2007) studied the relation between {ased mix and self- or
parent-reported walking among 3161 children ag8 %-living in
Atlanta, Georgia. Land-use data were obtained tommty-level tax




assessor’s parcel data and census data (no fimfbemation was
provided). After adjustment for sociodemographidatales, the
presence of commercial, recreational, or open Spacie
neighborhood was positively associated with proiigtof walking at
least once over a 2-d period among boys (OR=1%; 65 1.1-2.1;
P<0.01) and girls (OR=2.2; 95% ClI, 1.5-3F<0.001).

« Kerr et al (2006): See above.

Davison et al, | Systematic review of Children or | Land-use | Travel mode | Of 2 studies, both found significant positive asatian between land-use
20083 studies published beforg adolescents mix to school mix and active transport to school.
June 2007, including 2
studies on the exposure Overall land use-mix:
of interest in this study
« McMillan (2007) studied the relation between ohijealy measured
land-use mix and caregivers’ reports of travel mmdgchool among
children in grades 3-5 at 16 elementary schoo@Galifornia. Land-use
mix was defined as the proportion of street segmeith land-use mix
within a buffer of 0.4 km around the school. Dataland-use mix were
obtained from environmental audits. After adjusttrfen
sociodemographic variables, household transpontagations,
social/cultural norms and neighborhood safety firafrime), land-use
mix was positively associated with walking/bikirggchool =0.015;
P=0.001).
e Kerr et al (2006): See above.
Panter et al, Systematic review of Children or | Land-use | Physical Of 8 studies, 2 found significant positive assaciabetween land-use mix
2008~ 24 studies published adolescents mix/distan | activity/travel | and walking; 2 found significant positive assocatbetween distance to
between 2002 and 2007 ceto mode to school and walking/biking to school; and 1 fourgh#icant positive
including 8 studies on school school or association between the presence of walkable dgistits in the
the exposure-outcome local neighborhood and physical activity.

relation in this section

destinations

Overall land-use mix:

e Frank et al (2007) studied the relation betweedase mix and self-
reported walking among 3161 US children age 5-20apd-use mix was
calculated based on the Frank et al (2004) methftelc adjustment for
sociodemographic variables, land-use mix was p@jtiassociated with
walking at least once over 2 d (OR=1.8; 95% CI;A3P<0.001) and
walking >0.8 km per day (OR=1.9; 95% ClI, 1.3-228;,0.001).

« Kerr et al (2007): See above.

McDonald (2007) studied the relation between lasd-mix and self-
reported mode of travel to school among 614 USiohil age 5-18 y
living in Alameda County, California. Land-use mims defined as
evenness of distribution of 5 types of land use $atgle-family,
multifamily, retail/service, manufacturing/traddiet) in a 1-km network
buffer around a household residence and was c#dcubmsed on the




Cervero and Kockelman (1997) method. After adpestt for
individual, social environmental, and other builtvonment variables,
no significant association was found between lagglfix and active
transport to school.

* Mota et al (2007) evaluated the relation betwedrreported access to
destinations and self-reported travel mode to Scamong 705
Portuguese girls age 11-18 y. No significant défere was observed
between active and passive travelers in termseif el of agreement
with the statement, “many stores are within easiking distance of my
home” (P=0.91).

« Among 480 US girls age 10-15 y, Evenson et al (28@6nd a positive
association between the presence of walkable dgistirs and physical
activity above median (OR=1.78; 95% ClI, 1.11-2.83).

« Ewing et al (2004): See above.

Distance to school:

» Timperio et al (2006) studied the relation betwebjectively measured
distance to school and parental report of walkiikiyily to school among
912 Australian children age 5-6 y and 10-12 y. Aftdjustment for
sociodemographic and neighborhood variables, pribxitm school was
positively associated with active transport to stteomong children age
5-6 y (OR=5.2; 95% ClI, 2.2-12.3), and 10-12 y (OR22195% ClI, 5.9-
17.6).

e Ziviani et al (2004) studied the relation betweangmtal perception of
distance to school and parental report of modeanfsport to school
among 164 children age 6-11 vy living in Brisbanastalia. Distance to
school was inversely associated with walking toostlat least once per
week (OR=0.54; 95% CI, 0.35-0.7850.001).

Children (Outcome: Obesity) |

Design and

Author, y Number of Studies Population | Exposure | Outcome Findings
Feng et al, 201%’ Systematic review, | Children/ Land-use | Adiposity All 3 studies found no significant assa@n between land-use mix and
including 3 studies | adolescenty mix adiposity.
on the exposure-
outcome relation in Land-use mix:
this section

« Norman et al (2006) studied the relation betweead-ase mix and
objectively measured BMI among 799 adolescentslages v living in
San Diego County, California. Land-use mix wasmkdi as the
geometric mean of acreage for 5 types of land rtestdential,
institutional, entertainment, retail, and officEhe mean land-use mix
for a 1.6-km buffer around participants’ homes @z8. Given that no
significant association was observed between lagdruix and obesity
in bivariate analysis, it was not included in threaf model. The estimate
of bivariate analysis were not provided.




Kligerman et al (2007) studied the relation betwksed-use mix and
objectively measured BMI among 98 white or Mexidsmerican
adolescents age 14-17 y living in San Diego CouBgfifornia. Land-
use mix was defined as the geometric mean of 5uaed in 3 buffer
sizes (0.4, 0.8, and 1.6 km) around participandshés. After adjustment
for age and ethnicity, land-use mix was not assediaith BMI (point
estimate and 95% CI were not reported).

Spence et al (2008) studied the association ofr@#&sured land-use
mix with objectively measured overweight among &ahadian children
age 4-6 y living in Edmonton, Alberta. Land-use mixhin a buffer of
1.5 km around participants’ homes was estimateddas the density of
4 types of land uses (institutional, maintenana@ngd, and leisure).
After adjustment for child age, sex, physical atfivjunk food
consumption, neighborhood-level education, and qutign of employed
women in the neighborhood, land-use mix was nai@sted with being
overweight in girls (OR=0.80; 95% ClI, 0.47-1.36)bays (OR=0.87;
95% ClI, 0.58-1.30).

Galvez et al, 2015

Systematic review
of articles published
between January
2008 and August
2009, including 1
article on the
exposure-outcome
relation in this
section

Children

Land-use
mix

Overweight

Spence et al (2008): See above.

Carter and Dubois,
2010°°

Systematic review
of 27 studies
published between
1999 and 2009,
including 1 study on
the exposure-
outcome relation in
this section

Children/
adolescents

Land-use
mix

Adiposity

Spence et al (2008): See above.

Dunton et al, 2008*

Systematic review,
15 studies publisheq
before May 2008,
including 2 studies
on the exposure-
outcome relation in
this section

Children/
adolescents

Land-use
mix

Adiposity

Both studies found no significant association betwand-use mix and
adiposity.

e Spence et al (2008): See above.

« Norman et al (2006): See above.

Adults (Outcome: Physical Activity)

Author,y

Design and

Number of Studies

Population

Exposure

Outcome

Findings




Feng et al, 201%’

Systematic review,
including 2 studies
on the relation
between exposure
and outcome of
interest in this
section

Adults

Land-use
mix

Physical
activity/walki
ng

Of 2 studies, 1 found significant positive assaciabetween land-use mix
and walking and 1 found significant correlationsw@en land-use mix and
physical activity:

Land-use mix:

Li et al (2008) studied the association of land-onse with self-reported
physical activity among 1221 adults age 50-75 ntvn Portland,
Oregon. Land-use mix was defined as evenness toibition of various
land-use types and was computed based on the nsatifiéaank et al
(2004). After adjustment for age, gender, raceieityn employment
status, home ownership, household income, heathsstfruit and
vegetable intake, fried-food consumption, BMI, amighborhood
factors, including residential density, median tehd income, and
percentage of black and Hispanic residents, laedmiz was positively
associated with neighborhood walking (PR=4.07; €69%®.29-7.23),
walking for transportation (PR=5.76; 95% ClI, 2.7031), walking for
errands (PR=1.50; 95% ClI, 1.01-2.22), and meetimgipal activity
recommendations (PR=1.46; 95% ClI, 1.05-2.04).

Frank et al (2005) studied the relation betweed-ase mix and
accelerometer-measured physical activity amongaghifts age 20-69 y
living in Atlanta, Georgia. Land-use mix was defireess evenness of
distribution based on the area of 3 types of lassek|residential,
commercial, and office) in a 1-km network-basededtbuffer around
participants’ homes and was calculated based ométhod of Frank et
al (2004). The mean calculated land-use mix wa8.A8er adjustment
for age, education, and gender, land-use mix vgasfgiantly correlated
with natural log of the minutes of moderate phyisidivity per day
(r=0.145;P=0.01). However, the association of land-use mix and
physical activity was not assessed in the finaltivauliate regression
model.

Frost et al, 2015’

Systematic review
of studies published
between 1994 and
2008, including 3
studies on the
exposure-outcome
relation in this
section

Adults

Presence
of
walkable
destinatio
ns

Physical
activity

Of 3 studies, 1 found significant positive assaciabetween perceived
presence of walkable destinations and physicaligcti

Land-use mix (presence of walkable destinations):

Deshpande et al (2005) studied the associatioemep/ed presence of
walkable destination and self-reported physicavagtamong 274
adults with diabetes in rural areas from 12 commiesmin Missouri,
Tennessee, and Arkansas. After adjustment for BisdJth status, and
physical impairment, significant positive assodativas found between
presence of walkable destinations and physicaliacflOR=2.30; 95%
Cl, 1.25-4.23).

Sanderson et al (2003) studied the relation betyeeceived presence
of walkable destinations and physical activity agn®67 women age 20
50y living in 3 predominantly black rural areasAddbama. After

adjustment for age, marital status, education, rarrobchildren, annual




income level, employment status, and general headtisignificant
association was found between perceived presenealkéble

destinations (yes/no) and meeting recommendatmmgHysical activity

(OR=1.06 [0.74-1.52]).

« Eyler (2003) studied the relation between percepregence of walkablg

destinations and self-reported physical activityoagn1000 white
women age 20-50 y in rural areas of Missouri ahiddils. No
association was found between the presence ofgiaitiein walking
distance (yes/no) and meeting recommendationshigsipal activity

(OR=0.91; 95% ClI, 0.68-1.25). Adjustment for ageneyal health status
and self-efficacy did not change the results, &edaidjusted OR was no

reported.
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Brownson et al,
20092

Systematic review,
including 3 studies
about the exposure-
outcome relation in
this section

Adults

Physical

activity/walki

ng

Of 3 studies, 1 found significant correlation bedwéand-use mix and

moderate physical activity, 1 found significant gige association between

social land use and walking for transport, andunébsignificantly higher
land-use access in high-walkable neighborhoods.
Land-use mix:

* Frank et al (2005): See above.

Forsyth et al (2008) studied the relation betweentgntage of social
land use in the neighborhood and physical actatyong 715 US adults
living in the Twin Cities area of Minnesota. Perage of social land us
was calculated as total area in parcels, with asies divided by total
land area in parcels, with water area removed.gbases included
daycare centers, medical clinics and offices, #rsabowling alleys,
lodge halls and amusement parks, sports/publicvdsgeacilities, tax-
exempt community recreational facilities, libragxempt property
owned by the board of education, and other exemggeauty. After
adjustment for age, sex, race, education, mata#s, home ownership
tenure, overall health, car ownership, total hoakkmembers, and othe
neighborhood variables, social land use was inleessociated with
walking for leisure and positively associated withlking for transport.
Saelens et al (2003) studied the association bfeebrted measure of
land-use mix with objectively assessed physicavigtamong 107
adults age 18-65 y living in 2 nonadjacent cengargg in San Diego,
California. A NEWS questionnaire was used to oblkami-use data.
Land-use mix diversity was assessed by a questiontavalking
proximity to nonresidential land uses such as dlggnacery store,
restaurants, and post office (subscale score rdnrge:To assess land-
use mix access, participants were asked if themast of their shopping
at local stores and if they find it difficult to gsain local shopping areas
(subscale score range: 1-4). After adjustmentderand education,
residents of the high-walkable neighborhood hadifaantly higher
land-use mix access (3.2 vs 2%8;0.05); higher land-use mix diversity
(3.5 vs 2.8P<0.05); and higher total physical activity (210.5139.9

1%

min per weekP<0.01).




Casagrande et al, | Systematic review | Adults Land-use | Physical Of 2 studies, 1 found significant correlation betwéand-use mix and
2009"’ of studies mix activity moderate physical activity.
(populatiorn> 90%
b|aCk) pub|IShed Land-use mix
before August 2007
?:ltl;]deme?(sosstﬂ:jel_es e Atkinson et al (2005) studied the relation betwkssd-use mix and
o physical activity among 102 US adults (age 20-65e NEWS
outcome relation in ) . ) .
this section questionnaire was used to obtained sellf-reportmallcnfmland-use mix
diversity and land-use mix access. In bivariatdyais land-use mix
diversity was not significantly correlated with atearometer-measured
moderate-intensityr£0.02;P=0.86) and vigorous-intensity<0.13;
P=0.21) physical activity. Land-use mix access wascoorelated with
accelerometer-measured moderate-intensit§.(4;P=0.18), and
vigorous-intensity =0.19;P=0.06) physical activity either.
* Among 357 adults age 20-69 y living in Atlanta, @ga, Frank et al
(2005) found significant correlation between larsgmix and natural
log of the minutes of moderate physical activity day ¢=0.145;
P=0.01). This association was not assessed in thérfinltivariate
regression model.
Chow et al, 2008* | Systematic review, | Adults Land-use | Physical Of 2 studies, 1 found significantly higher land-a®eess in high-walkable
including 2 studies mix activity neighborhoods.
on the exposure- Land-use mix
outcome relation in * Eyler (2003): See above.
this section « Saelens et al (2003: See above.
Lovasi et al, 2008° | Systematic review | Adults Land-use | Physical Of 4 studies, 1 found significant positive assaciabetween land-use mix
of 45 US studies mix activity and walking, 1 found significant correlations betwédand-use mix and

(sample size >100)
published between
January 1995 and
January 20089,
including 4 studies
on the exposure-
outcome relation in
this section.

physical activity, 2 found significant positive asgtion between

neighborhood walkability and land-use mix, and dnio significant positive

association between count of nonresidential andiépeestinations in the
neighborhood and walking.

Land-use mix:

e Cerin et al (2007) studied the association of dbjely assessed land-ug
mix and perceived access to destinations withregifrted weekly
minutes of walking for transport among 2650 adatje 20-65 y living in
32 neighborhoods from 154 census collection distiit Adelaide,
Australia. Land-use mix was defined as evennesistrifibution of 5
types of land uses (residential, commercial, indeisrecreational, and
other) in a 1-km network buffer around a particifgmhome and was
calculated based on the Cervero and Kockelman j19@thod.
Perceived land-use mix and proximity of destinatioras assessed by 3
subscale of NEWS. After adjustment for sociodemplgiafactors,
perceived proximity to commercial destinations asitively
associated with transport-related walkifg12.4; 95% CI, 0.2-28.8).

|

However, after adjustment for type of neighborh@asidential,




recreational, commercial/industrial), the assocratvas no longer

statistically significantf=8.3; 95% CI|,—4.4-21.0). Furthermore, after
adjustment for sociodemographic factors and typeetfhborhood,
perceived proximity to commercial workplace wasifpesly associated
with transport-related walking€15.0; 95% ClI, 3.3-26.7). No
significant association was found between percepredimity to
schools and walking for transport; or between lasd-mix and walking
for transport.

Hoehner et al. (2005) studied the associationraf-lase mix with
transportation and recreational physical activityoag 1073 adult
residents of Savannah, GA and St. Louis, MO. Peeceliand-use mix
was assessed through participants’ response tdigueabout presence
and count of specific destinations in their neighiood. Objective
measures of land-use mix included the count ofemidential and
specific destinations in the neighborhood and wessessed through
environmental audits. After adjustment for age,dggnand, education,
people who reported 7-13 destinations within 5-matking distance
from their home were more likely to be involvedaimy kind of walking
for transport compared to those who reported n@rgg®n within 5-min
walking distance from their home (OR=2.4; 95% CB8-4.3). Also,
based on environmental audits, living in neighbordhwith 43-131
nonresidential destinations (fourth quartiles) wasociated with higher
probability of walking for transport compared taittig in the
neighborhood with 0-10 nonresidential destinati@R=3.5; 95% CI:
2.3-5.5).

Frank et al (2005): See above.

Saelens et al (2003): See above.

Saelens and Handy,
2008>°

Systematic review
of 13 reviews
published between
2002 and 2006 and
29 original studies
published between
2005 and 2006,
including 3 reviews
and 11 original
studies on the
exposure-outcome
relation in this
section (4 of which
were included)

Children
and adults

Physical

activity/walki

ng

On the basis of 3 reviews by Badland and Scho{@0®5), Heath et al
(2006), and Saelens et al (2003), it was concltldadliving in an area
with balanced land-use mix is positively associatéti physical
activity.

Among the 11 original studies, 2 were in childreoth described
elsewhere in this Table (see Kerr 2006 and McMi2@807). Of the 9 in
adults, 1 is described elsewhere in this Table s®sshner 2005) and
another in the walkability Table, below (see Fraoke6).

Of the studies on the relation between proximityofiresidential
destinations and walking for transport, 8 foundaitive association and
3 found a null or an unexpected association.

Of the studies on the relation between proximityofiresidential
destinations and walking for recreation, 3 fourbaitive association
and 4 found a null or unexpected association.

Of the studies on the relation between proximityofiresidential
destinations and general walking, 3 found posiéissociation and 1
found no association.




Design and

Bauman and Bull, | Systematic review | Children Land-use | Physical Land-use mix;
2007 of reviews and adults | mix activity/walki
published between ng Of 6 reviews, 5 found sufficient evidence to conlgluhat land-use mix
_2002 and 2007_’ was positively associated with physical activithe®f these studies w4
including 5 reviews a meta-analysis by Duncan et al (2005) (see below).
on the exposure- Of 3 reviews, 2 reported positive association betwiand-use mix and
outcome relation in walking.
this section
Duncan et al, Meta-analysis: Adults Various Physical In crude (unadjusted) analyses, no variables detraded a
20050 16 studies published environm | activity as a significant association with physical activity.
between January ental binary After adjustment for age, income, and educatioellete perceived
1989 and February characteri | factor, eg, presence of shops and services was positively iassdavith
2005. The number stics, any walking, physical activity (OR=1.30; 95% Cl, 1.14, 1.46).
of studies on the including | sufficient
exposure-outcome neighborh | walking,
relation in this ood shops| sufficient
section was not and leisure-time
reported. services | activity, etc

Adults (Outcome: Obesity) ‘

on the relation
between exposure
and outcome of
interest in this
section

Author, y Number of Studies Population | Exposure | Outcome Findings
Feng et al, 201%’ Systematic review, | Adults Land-use | Adiposity All 3 studies found an inverse associati@tween land-use mix and obesity.
including 3 studies mix

Land-use mix:

Frank et al (2004) used data from SMARTRAQ to sttidyrelation
between land-use mix and self-reported measuréedity (BMI>30)
among 10,878 adult residents of Atlanta, Georgind-use mix was
defined as evenness of distribution based on afe&sypes of land use
(residential, commercial, office, and institutional a 1-km network
buffer around a household residence. A land-usefonmula was
calculated that could take values between 0 (silagié-use
environment) and 1 (even distribution of squarddge across all 4 land
uses). The mean land-use mix in this study was. @ftér adjustment
for age, income, and educational attainment, lss®lmix was inversely
associated with obesity (OR=0.88; 95% ClI, 0.84-0F320.000).

Li et al (2008) studied the association of land wih objective measurg
of overweight/obesity (BM»25) among 1221 adults age 50-75 y livin
in Portland, Oregon. Land-use mix was defined anegss of
distribution of various land-use types and was cateqh based on the
Frank et al (2004) method (see above). After adjast for age, gender,
race/ethnicity, employment status, home ownerstopsehold income,
health status, fruit and vegetable intake, frieddfconsumption, and
neighborhood factors, including residential densitgdian household




income, and percentage of black and Hispanic retd&and-use mix
was inversely associated with risk of being oveghebr obese
(PR=0.75; 95% ClI, 0.62-0.90).

Mobley et al (2006) studied the relation betweenltase mix and BMI
among 2692 women enrolled in the CDC WISEWOMAN pang,.
Land-use mix was defined as evenness of distribliased on square
areas of 5 types of land use (residential, comrakraifice, institutional,
rural) in ZIP codes of each participant’s residead computed based
on the Frank et al (2004) method. The mean landnisevas 0.49

(0.00-0.96). After adjustment for demographic, eecblogical and othef

built-environment variables, land-use mix was isety associated with
BMI (p=—-2.60;P<0.05).
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Frost et al, 2015’ Systematic review | Adults in Presence | Obesity + Boehmer et al (2006) studied the association afgieed proximity to
of studies published| rural areas | of destinations with self-reported measure of ob&8ityl >30) among
between 1994 and walkable 2210 adults in rural areas from 13 counties in bliss Tennessee, and
2008 including 1 destinatio Arkansas. After adjustment for gender, age, anda&thn, participants
study on the effect ns who disagreed/strongly disagreed that there wergyrdastinations to gq
exposure-outcome within easy walking distance from their home did have a
relation in this significantly different risk of obesity comparedtivthose who
section. agreed/strongly agreed with this statement (OR=51023% CI, 0.99-
1.57). Those who reported no destination withiariin walk from
home did not have a significantly different riskatfesity compared with
those who reported 7-11 destinations within a 10-walk from their
home (OR=1.38; 95% ClI, 0.99-1.92).
Brownson et al, Systematic review, | Adults Land-use | Adiposity Both studies found significant inverses@gation between land-use mix and
2009°? including 2 studies mix adiposity.
about the exposure-
outcome relation in Land-use mix
this section
¢ Rundle et al (2007) studied the relation betwead-ase mix in the
census tract of residence and objectively assd&digddmong 13,102
adults living in New York City. Land-use mix wasfiied as the balancg
between commercial and residential land uses asccalaulated by
multiplying the ratio of residential building arbg the ratio of
commercial building area for each tract. The prodvas then scaled by
a factor of 4. The calculated index ranged froro @ aind had a mean of
0.34. After adjustment for individual- and neighibood-level
sociodemographic characteristics, land-use miximeesrsely associated
with BMI (p=—-0.55;P<0.01). Further adjustment for other built-
environment variables (subway stop, bus stop, @tioul, and
intersection densities) did not greatly alter ress(@=-0.46;P<0.05).
* Frank et al (2004): See above.
Lovasi et al, 2008° | Systematic review | Adults Land-use | Adiposity Of 4 studies, 2 found significant positive assaciabetween land-use mix

of 45 US studies

mix/prese

and adiposity.




(sample size >100)
published between
January 1995 and
January 2009,
including 4 studies
on the exposure-
outcome relation in
this section

nce of
walkable
destinatio
ns

Land-use mix

Additional Original Articles 2007-2010* |

Rundle et al (2007): See above.

Frank et al (2004): See above.

Boehmer et al (2006): See above.

Boehmer et al (2007) studied the association afgyeed presence of
walkable destinations and obesity among 1032 adsidlents of high-
and low-income areas of Savannah, Georgia, and@sLMissouri.
After adjustment for age, gender, education, ahdrognvironmental
variables, people who strongly disagreed that &tae many
destinations to go to within easy walking distafrfoen my home” did
not have a significantly different risk of obesitympared with those
who agreed with this statement (OR=1.5; 95% CL26).

Author, y Design and | Population Intervention/Exposur | Outcome Findings
Duration e
Rodriguez et| Cross- N=5529 Land-use (evenness of| Self-reported | After adjustment for age, gender, education, rdieeigity, family income,
al, 200§ sectional, adults age distribution of walking and proportion of 400-m buffer from home accessiideroads:
2000-2002 | 45-84yin residential, (minutes per
Baltimore, institutional, retail, and | week) for Walking for transport:
Maryland; | office in a 200-m buffer transport +  People who lived in the areas in the 4th quarfilaied-use mix did not
Chicago, around participants’ (level 1: have significantly different odds of walking foatrsport (level 2 vs 1:
lllinois; homes) calculated none; level 2: OR=1.26; 95% Cl, 0.71-2.24 and level 3 vs 1: OR61%5% Cl, 0.63-
Forsyth using the Cervero and | from 0 to 150 2.96).
County, Kockelman (1997) min per « Perceived presence of walkable destinations waiyeg associated
North method. week; level with walking for transport (level 2 vs 1: OR=1.2%% Cl, 1.03-1.24
Carolina; Los Self-repor_ted.presence 3:>150 min and level 3 vs 1: OR=1.26; 95% Cl, 1.06-1.50).
Angeles_, ] of all destinations, per week) « Perceived presence of stores within walking distamas positively
California; stores, anq §choo|s or Sglf-reported associated with walking for transport >150 min week (level 2 vs 1:
New York | YMCAs within minutes per OR=1.13; 95% Cl, 0.98-1.30 and level 3 vs 1: OR8195% Cl, 1.07-
City, NY; walking distance (20 | week of 1.55).
&?gnztslzguh min) \(/evgl:::ri]sgefor + Perceived presence of schools and YMCA within wagkilistance was
(level 1: positively associated with walking for transpoevg! 2 vs 1: OR=1.06;
o . 95% Cl, 0.83-1.35 and level 3 vs 1: OR=1.18; 95%087-1.60).
none; level 2:
from O to 90 ) )
min per Walking for exercise:
week: level | ¢ People who lived in the areas in the 4th quarfileuwed-use mix were
3:>90 min more likely to walk for exercise >90 min per weddvel 2 vs 1:
pe?week). OR=1.05; 95% Cl, 0.87-1.27 and level 3 vs 1: OR8195% CI, 1.08-

1.54).
Perceived presence of walkable destinations wai\mdg associated
with walking for exercise (level 2 vs 1: OR=1.1%28 Cl, 1.07-1.18 and




level 3 vs 1: OR=1.30; 95% CI, 1.20-1.41).

Perceived presence of stores in walking distancepaaitively
associated with walking for exercise >90 min peekvflevel 2 vs 1:
OR=1.04; 95% ClI, 0.95-1.13 and level 3 vs 1: OR8196% ClI, 1.07-
1.29).

Perceived presence of schools and YMCA within wajkdistance was
positively associated with walking for exercise >8ih per week (level
2 vs 1: OR=1.08; 95% Cl, 0.98-1.18) and level 3v&R=1.18; 95%
Cl, 1.05-1.32).

Wells and Observation | N=32 low- » 1 group moved to | Number of After adjustment for race, household size, and prensteps:
Yang, al, income, neotraditional steps walked | «  Unexpectedly, 1 metric of greater land-use mixingnease in service-
2008°° longitudinal, | primarily neighborhoods and per week, jobs population density after the move, was astediwaith fewer steps
2003-2006 | black women 1 group moved to | assessed by walked per weekR=0.013).
(age 23-60y) conventional pedometer |« Most land-use mix variables were not associated wilking in this
living in 4 suburban small sample.
southeastern neighborhoods
US towns + Land-use mix was
assessed by
multiple different
metrics without
control for multiple
testing.
e Population density
Boone- Observation | N=12,701 US| Neighborhood land- Bouts of In longitudinal analyses, after adjustment for noead covariates and within
Heinonen et | al, adolescents, | cover diversity, street | MVPA person time-invariant factors:
al, 2013* | longitudinal, | grades 7-12 | connectivity, physical « Land-cover diversity was not significantly assoetawith higher
1994-1995 | at baseline, in| activity facilities, and MVPA.
to 2001- the nationally | crime rate derived from
2002 representativ | GIS See Supplementary Tables 10a, 10c, and 10d fdnfjsdn physical activity
e National facilities, street connectivity, and crime ratespectively.
Longitudinal
Study of
Adolescent
Health

Cl indicates confidence interval; NEWS-Y, Neighbamold Environment Walkability Scalyouth; OR, odds ratio; GIS, geographical informatgystems; IOM, Institute of
Medicine; TAZ, traffic analysis zone; BMI, body nsasdex; PR, prevalence ratio; SMARTRAQ, Stratefiesvietro Atlanta’s Regional Transportation and Suality;
WISEWOMAN, Well-Integrated Screening and EvaluationWomen Across the Nation; CDC, Centers for BgeControl and Prevention; YMCA, Young Men’s Ctigis
Association; and MVPA, moderate to vigorous phylsadivity.
*Given the array of smaller, cross-sectional, obatonal studies that were already captured irptitdished narrative and systematic reviews idesdifiere, in the writing
group’s additional systematic searches for origarttles published after 2007, performed by mexrBubMed searches, evaluation of related artigled,hand searches of
reference lists, the writing group focused on thadditional studies that were randomized trialgsipexperimental studies, longitudinal studiedaoge (N>5000) cross-sectional

studies.



Supplementary Table 10c. Local Environmental Change to I mprove Physical Activity (Community Settings)
Street and Sidewalk Design
Design and
Author, y Number of Population | Exposure Outcome Findings
Studies
IOM Systematic review| Children or | Pedestrian Physical Pedestrian infrastructure:
Committee | including 4 adolescents | infrastructure activity
on reviews, 1 quasi- (sidewalk On the basis of 3 reviews by Davison and Lawso02(see below),
Childhood | experimental, and availability) and Badland and Schofield (2005), and Saelens et &R was concluded
Obesity 1 cross-sectional street design (street that the presence of sidewalks is positively asgediwith walking or
Prevention | study on the connectivity) biking for transportation or recreation.
Actions for | exposure of On the basis of a review by Booth et al (2005)ds concluded that
Local interest in this availability of sidewalks might be associated vatiesity.
GO"emg‘e”t section In a quasi-experimental analysis, Boarnet et a0%20 studied the
s, 2009 relation between parental reports of presenceSR2aS construction
project on the way to school and change in the noddersport to
school among 862 children in grades 3-5 in Calitar€hildren whose
route to school included a newly installed sidewaéce more likely to
increase their active transport to school thardebil whose route did not
include a new sidewal&0.01).
Street design:
On the basis of a review by Badland and Schofi2tD%) and a cross-
sectional study by Frank et al (2004), it was codel that street
connectivity is positively associated with physiaativity.
Committee | Systematic Children Pedestrian Physical Pedestrian infrastructure:
on review, including infrastructure activity
Environment| 1 quasi- (sidewalk Boarnet et al (2005a): See above
al Health, experimental availability)
American study on the
Academy of | exposure of
Pediatrics, | interestin this
2009 section
Lovasi et al, | Systematic review Children or | Pedestrian Physical Pedestrian infrastructure:
2009 of 45 US studies | adolescents | infrastructure activity
(sample size (age 10-15 | (availability of Evenson et al (2006) studied the association éfrepbrted presence of
>100) published | y) sidewalk and walking or biking infrastructure with self-reportptiysical activity and
between January walking trail) mode of transport to school among 480 US girlské5 y. After
1995 and January adjustment for site, race/ethnicity, and gradesgmee of neighborhood
2009, including 1




study on the
exposure of
interest in this
section

bicycle or walking trails was positively associateith physical activity
above the median (OR=1.68; 95% CI, 1.16-2.44) atigeacommuting
to school (OR=1.59; 95% CI, 1.05-2.40). The presafcsidewalks was
not associated with physical activity (OR=1.34; 96%0.89-2.02) or
active commuting (OR=1.05; 95% ClI, 0.66-1.67).

Panter et al, | Systematic review Children (4- | Pedestrian Walking or Pedestrian infrastructure:
2008~ of 24 studies 11y) or infrastructure cycling to
published adolescents | (sidewalk school or Of 5 studies, 3 reported significant positive agtinn between the presence
between 2002 andl (12-18y) | availability) and | otherlocal | of sidewalks and active mode of transport, andidlysteported the same
2007, including 5 street design (stregtdestinations | petweerthe presence of bicycle or walking trails and pbaisactivity.
on the exposure connectivity). * Mota et al (2007) evaluated the relation betwedfrrsported presence o
of interest in this infrastructure for walking and self-reported trawede to school among
section 705 Portuguese girls age 11-18 y. No significaffecince was observed
between their level of agreement with the staterftbete are pavementg
on most of the streets in my neighborhood “ ané/aats passive
commuting P=0.19).

e Kerr et al (2006) evaluated the association of patgerception of
neighborhood characteristics with travel mode twost among 259 US
girls and boys age 4-18 y. After adjustment fori@demographic and
other perception variables, significant positiveasation was observed
between perceived presence of walking or cyclifigagtructure (eg,
sidewalks and pedestrian/bike trails) and activeroating to school
(OR=2.5; 95% Cl, 1.30-4.67).

* Evenson et al (2006): See above.

« Among 726 US youth age 10-15y, Evenson et al (R@ifi4hd significant
positive association between the presence of sitevea main roads
(higher sidewalk coverage) and active travel taosth

« Among 1395 US boys and girls age 8-18 y, Fultoal €2003) found
significant positive association between parergpbrt of presence of
sidewalks and walking to school.

Street design:

Both studies showed significant positive assoamkietween street

connectivity and active commuting to school.

* Mota et al (2007): See above.

« Kerr et al (2006): See above.

Davison et | Systematic review Children or | Pedestrian Active Pedestrian infrastructure:

al, 2008>® | of studies adolescents | infrastructure commuting
published before (sidewalk All 3 studies found significant positive associatio
June 2007, availability) and

including 3 on the
exposure of
interest in this
section

street design (streg
connectivity)

—

« Kerr et al (2006): See above.

* Boarnet et al (2005a): See above.

* In a quasi-experimental study evaluating CalifomR2S program,
Boarnet et al (2005b) showed a significant incréasdildren’s observed
walking after completion of the sidewalk gap cl@sprojects.




Bauman and| Systematic review Children or | Pedestrian Physical Pedestrian infrastructure:

Bull, 2007* | of reviews adolescents | infrastructure activity
published (sidewalk  Davison and Lawson (2006): See below. The auttansght there was
between 2002 and availability) and adequate evidence to conclude that sidewalk avityelvas positively
2007, including 1 street design (street associated with physical activity.
on the exposure connectivity) Street design:
of interest in this « Davison and Lawson (2006): See below.
section

Davison and | Systematic review Children or | Pedestrian Physical Pedestrian infrastructure:

Lawson, of 33 studies, adolescents | infrastructure activity or

43 H H H H . . . . L

2006’ including 7 on the (sidewalk active Of 4 studies, 2 studies found significant assamiebietween the presence of

exposure of availability and commuting | sidewalks and physical activity, and 1 study fosighificant association

interest in this
section

conditions) and
street design (streg
connectivity)

—

between sidewalk characteristics and physical igtiv

* Ewing et al(2004) found that the proportion of street kilomsteith
sidewalks was positively associated with childreates of walking or
cycling to school {=1.480;t statistic: 2.09).

« Mota et al (2005) studied the relation between gigedl presence of
sidewalks on streets in the neighborhood and selfnted physical
activity among 1123 adolescents. No significaratieh was found
between their level of agreement with the staterftbete are sidewalks
on most of the streets in my neighborhood” andviagt{P=0.15).

» Jago et al (2005) studied the relation betweenctibpdy assessed
sidewalk conditions and physical activity amdti) Boy Scouts.
Sidewalk characteristics such as distance fromngtleto curb, average
height of trees, sidewalk material, and sidewafietyere positively
associated with objectively measured light-intgnghtysical activity
(p=0.20;P=0.003).

« Boarnet et al (2005a): See above.

Street design:

Of 4 studies, 2 found significant positive assacrabetween street

connectivity and physical activity.

* Among 105 US students age 9-11 y, Braza et al (Pfadhd a positive
relation between street connectivity (objectivelyasured number of
intersections per street kilometer) in a 0.8-kmférudround schools and
active commuting (walking or biking to school) bydents.

* Among 799 US boys and girls age 11-15 y, Normaal &und a positive
association between intersection density and dbggtmeasured MVPA
in girls but not boys.

« Mota et al (2005) found no relation between peregistreet connectivity
and self-reported physical activity among Portuguedolescents in
grades 7-12.

e Timperio et al (2006) studied route directness feativity) and parental
reports of walking or riding to school for 912 Awgdtan children. Greater
route directness was associated with less walkidgegcling to school in
older children (10-11 y) but not in younger childi@®-6 y).




Children (Outcome: Obesity)

Additional

exposure of
interest in this
section

Original Articles (Children)*

Design and
Number of

Author,y Studies Population | Exposure Outcome Findings

Carter and | Systematic review Children Street design Obesity Street design:

Dubais, of 27 studies and (street

56 : o

2010 published adolescents | connectivity) + In a study of a nationally representative sample/®fchildren age 5-18
between1999 and Grafova (2008) found no association between straatectivity and
2009, including 1 obesity. However, children living in neighborhodulslt after 1969 were
on the exposure more likely to be obese than those living in newiioods built before
of interest in this 1969.
section

Papas et al, | Review of 20 Adolescent Street design Obesity Street design:

2007% studies, including (street
1 study on the connectivity) « Inastudy of 20,745 US adolescents, Nelson e2G0§) did not find a

significant association between street connectiuitgt obesity.

Author, y Design and Population I ntervention/Exposure Outcome Findings
Duration
Boone- Observational, N=17,659 US Street connectivity Participation in MVPA After adjustment for age, eatiousehold
Heinonen et | cross-sectional, | adolescents, gradesmeasures, including income, parental education, census tract
al, 2014* 1994-1995 7-12, nationally intersection density and poverty, county level crime, and population
representative link-node ratio, within 1, density within the neighborhood buffer:
National 3, 5, and 8.05 km of * Intersection density within 1 km was mos
Longitudinal home, derived from GIS consistently associated with MVPA,
Study of « Relations appeared to vary by urbanicity
Adolescent and sex.
Health
Boone- Observational, N=12,701 US Neighborhood land-cover Bouts of MVPA In longitudinal analyses, after adjuent for
Heinonen et | longitudinal, adolescents, gradesdiversity, street measured covariates and within-person time-
al, 2016* | 1994-1995 to 7-12 at baseline, | connectivity, physical invariant factors:
2001-2002 nationally activity facilities, and »  Street connectivity was not significantly
representative crime rate derived from associated with higher MVPA.
National GIS
Longitudinal See Supplementary Tables 10a, 10b, and 10
Study of for findings on physical activity facilities, land-
Adolescent cover diversity, and crime rate, respectively.
Health
Carver et al, | Observational, |Children (age -9 y; | Objectively measured « Change in frequency of | In crude (unadjusted) analyses:
2010°? prospective, N=170) anc characteristics of parent-reported (for Age 8-9y:




2001-2004

Children Living

adolescents (age -

government primar

15y; N=276) from 19

neighborhood (a radius o
) 800 m around children’s
homes), including

children age 8-9 y) or
self-reported (by

adolescents age 13-15y

Active commuting increased over follow-
up in both boys and girls.
In crude analyses, total length of walking

[¢)

Children Living
in Active
Neighborhoods
Study

government primar
schools in hig-

Melbourne, Australi

15 y, N=188) fror 19

(n=10)and low-(n=9
SES neighborhoodsf

characteristics, including
number of pedestrian
crossings (strongly
agree/agree=1; others=0

(children 13-15 y) walking or

cycling to/from school
between 2004 and 2006
dichotomized into 2 groups
(increased, not changed)

Adults (Outcome: Physical Activity)

in Active schools in hig- e Total lengths of walking or cycling tracks was positively associated with
Neighborhoods (n=10)and low-(n=9 walking tracks to/from 15 neighborhood change in active commuting in girls
Study SES neighborhoodsf «  Total numbers of destinations between (B=0.0016;P=0.015) but not boys.
Melbourne, Australi intersections per 2004 and 2006 Age 13-15y:
neighborhood » Active commuting tended to decrease ov
(intersection density)| * Change in MVPA follow-up in both boys and girls.
measured by « Total length of walking tracks was
accelerometer in 4-6 positively associated with change in activ
complete consecutive commuting in girls §=0.0016;P=0.002).
days in 2001, 2004, and | +  |ntersection density was positively
2006 associated with change in active
commuting among boy$ €0.03;
P=0.030).
Hume et al, | Observational, [Children (age -9y, | Parents’ self-reported Change in frequency of After adjusting for gender, maternal education
2009 prospective, N=121) anc satisfaction with parent-reported (children agel and clustering of children by school:
2004-2006 adolescents (age - | neighborhood 8-9 y) or self-reported « Parents’ satisfaction with the number of

pedestrian crossings was associated with
increased frequency of active commuting
school over 2 y (OR=2.4; 95% CI:1.1-5.4
P=0.03).

Design and
Number of
Author, y Studies Population Exposure Outcome Findings
Feng etal, | Systematic Adults Street design | Physical Street design:
2010 review, including (street activity
5 reviews on the connectivity) «  On the basis of a review by Frank and Engelke (200@as concluded that
exposure of street networks are associated with mode of tratespn.
interest in this « On the basis of a review by Saelens et al (2008)aareview by Sallis et al
section (2004), it was concluded that street connectiitgssociated with ease of
active travel between places.
* On the basis of 3 reviews by Saelens et al (20&8pk et al (2004), and
Ewing and Cervero (2001), it was concluded thatetstconnectivity is
positively associated with active transport by &dg trip distance and
providing alternate routes.
Frostetal, | Systematic review Adults (age | Pedestrian Physical Pedestrian infrastructure:
20106% of studies >18y)in infrastructure | activity
published rural areas | (availability of Of 7 studies, 3 studies found significant positissociation between presence




between 1994 anq
2008, including 7
studies on the
exposure of
interest in this
section

|

sidewalk,
shoulder, and
walking trail)

sidewalks and physical activity, 1 found positigsaciation between presence
shoulders on streets and physical activity, anoubd positive association
between presence of walking trails and physicaviagt

Deshpande et al (2005) studied the associationdegtweighborhood
sidewalks and walking among 274 adults with diabéteural areas from 12
communities in Missouri, Tennessee, and Arkanséisr Adjustment for
BMI, health status, and physical impairment, nmsgigant association was
found between presence of sidewalks and physitaitg OR=1.28; 95%
Cl, 0.71-2.29), but positive association was seswéen presence of
shoulders on streets and physical activity (OR=258p ClI, 1.3-4.5).

Eyler (2003) found no association between percepredence of sidewalks
and meeting recommendations for physical activitypag white women age

20-50 y in rural areas of Missouri and lllinois (61R99; 95% ClI, 0.97-1.01),

Among 1194 adults in rural areas of a southeasttgphddy et al (2004)
found positive association between perceived presefisidewalks and
occasional walking (OR=2.23; 95% CI, 1.27-3.92) ot regular walking
(OR=1.39; 95% ClI, 0.77-2.51).

Parks et al (2003) studied the association betyweeceived presence of
walking trails and meeting the recommendationgfoysical activity among
1818 adults in a nationally representative sampléSrural areas. After
adjustment for age, race, education, and gend®rsiéive association was
seen in lower-income urban participants (OR=1.895<l, 1.06-3.41) but
not rural or higher-income urban participants.

Among 1148 adults from a southeastern US rural conity, Reed et al
(2006) found positive association between percepredence of sidewalks
and meeting recommended physical activity leveR£@.59; 95% CI, 1.05-
12.24) only among white participants.

Sanderson et al (2003) studied the relation betyeeceived presence of
sidewalks and physical activity among 567 adultenfrural areas of
Alabama. After adjustment for age, marital statuijcation, number of
children, annual income level, employment statad, general health, no
significant association was found between presehs&lewalks and meetin
recommendations for physical activity (OR=1.28; 96%0.82-2.01).
Among 102 black and white women agf0 y in rural areas of South
Carolina, Wilcox et al (2003) found an inverse agsion between perceive
absence of sidewalks and physical activity<0.21,P<02).

Committee
on
Environment
al Health,
American
Academy of
Pediatrics,
2009

Systematic
review, including
2 studies that
evaluated the
exposure of
interest in this
section

Adults

Pedestrian
infrastructure
(sidewalk
availability and
conditions)

Physical
activity

Pedestrian infrastructure:

Of 2 studies, 1 found positive association betwaeailability of sidewalks and
physical activity and 1 between sidewalk conditiand physical activity.

Giles-Corti studied 1803 Australian adults age 28¢Stratified by SES.
After adjustment for age and sex, participants flower-SES areas were
more likely to feel there was availability of sidaes in their neighborhood
(OR=1.88; 95% ClI, 1.31-2.7P=0.001). After adjustment for age, sex,

number of children age <18 y at home, educationsébold income, and




work status, sidewalk availability was positivebsaciated with walking for
transport (OR=1.65; 95% ClI, 1.12-2.4%0.011), trend toward walking for
recreation (OR=1.41; 95% ClI, 0.99-2.03;0.058), and meeting
recommended levels of walking (OR=1.65; 95% CI5RB7;P=0.077). In
similar analyses, presence of sidewalks was pesjtiassociated with both
performing vigorous exercise (OR=1.52; 95% CI, 120%1;P=0.027) and
meeting recommended levels of vigorous exercisefOR3; 95% CI, 1.39-
5.37;P=0.003).

Hoehner et al (2005) studied perceived availabdftgidewalks and
objective measures of sidewalk conditions and @aysictivity among 1068
adult residents of a low-walkable city (St Louisiskburi) and high-walkable
city (Savannah, Georgia). More than 90% of paréioig strongly agreed or
agreed with the presence of sidewalks on mosttstie¢heir community. No
association was found between sidewalk availakdlitg meeting the
recommendations for transportation activity (@8 95% CI, 0-1.7) or
recreational activity (OR=0.9; 95% ClI, 0.5-1.3)dewalk levelness (percen
of street segments with sidewalks with little orure@venness) was inversel
associated witimeeting recommendations for transportation activity
(OR=0.5; 95% ClI, 0.3-0.8) but not recreationalhatti(OR=0.8; 95% ClI,
0.6-1.2).

Lovasi et al,
2009

Systematic review
of 45 US studies
(sample size
>100) published
between January
1995 and January
2009, including 2
studies on
exposure of
interest in this
section

Adults

Pedestrian
infrastructure
(availability of
sidewalks and
walking trails)

Physical
activity

Pedestrian infrastructure:

Of 2 studies, 1 found positive association betwg@sence of walking/bicycling
trail and physical activity.

King et al (2000) evaluated presence of sidewatikinactivity in a
nationally representative US sample of 2912 wonga®40 y from different
racial/ethnic groups. After adjustment for agegramployment, marital
status, location, education, neighborhood, perdosmalers characteristics,
physical health, and preference for home-basediseemo significant
association was found between presence of sidewatk$eing inactive
(OR=1.08; 95% ClI, 0.87-1.34).

Among 1194 low- and high-SES residents of a rurattseastern US county
Wilson et al (2004) evaluated self-reported ane:cbjely assessed sidewa
availability and walking. Objective data showed itamrates of sidewalk
availability in low- vs high-SES areas, althougivi8ES participants
perceived lower availability. Sidewalk availabiliyas not significantly
related to walking in either group. Low-SES resigddmad less access to
objectively assessed walking and bicycling traBl (vs 59.2 km). After
adjustment for age, sex, race, education, and Bbdthpared with not having
access, those who both had access and used whlkidihg trails were
more likely to meet physical activity guidelines@amg low-SES (OR=2.81;
95% CI, 1.38-7.93P=0.05) but not high-SES patrticipants. Access alone,
without use, was not associated with meeting physictivity guidelines
(OR=1.17; 95% ClI, 0.53-2.55).




Casagrande | Systematic review Black adults | Pedestrian Physical Pedestrian infrastructure:
et al, 2008’ | of minority (age>18y) | infrastructure | activity
studies (sidewalk Of 6 studies, 2 found positive association betwersence of sidewalks and
(population>90% availability) physical activity.
black) published + King et al (2000): See above.
before August «  Eyler (2003): See above.
20%7' mcludr:ng 6 e Wilcox et al (2003): See above.
Zijpc;zarzno:‘ € e Sanderson et al (2003): See above.
interest in this e Ainsworth et al (2003) stud_ied per_cgived presericgdewalks and meeting
section recommendations for physical activity among 91¢lblMomen age 20-50 y
in South Carolina. Most (77.2%) women reportedidewalks in their
neighborhood. After adjustment for education ananty of residence,
sidewalk availability was positively associatedhwiheeting
recommendations (OR=1.57; 95% ClI, 1.14-2.17).
e Young et al (2003) studied perceived presencedaeivgalks and meeting
recommendations for physical activity among 234&klomen age 20-50 y
in Baltimore, Maryland. Most (94%) women reportegigability of
sidewalks in their neighborhood. No significantasation was seen
between sidewalk availability and meeting recomnagiods for physical
activity (OR=0.30; 95% ClI, 0.04-2.32).
Saelens and | Systematic review Children and | Pedestrian Walking Pedestrian infrastructure:
Handy, of 13 reviews adults infrastructure
2008 published (sidewalk On the basis of 4 reviews by Handy (2005), Heat €006), McCormack
between 2002 and availability) et al (2004), and McMillan (2005), the authors doded that presence of
2006 and 29 and street sidewalks is associated with walking.
original studies design (street «  Of 8 studies, 2 found positive association betwsettestrian infrastructure
published connectivity) and walking for transportation.
between 2005 and + Of 6 studies, 4 found positive association betwmssestrian infrastructure
2096' mclugqg 6 and walking for recreation.
:ﬁ?"ﬁ:’:j;ﬂ dies on « Of 4 studies, 2 found positive association betwasatestrian infrastructure
9 and walking in general.
f[he exposure of Street design:
'Snetgtriiit in this e Onthe basis of 2 reviews by Badland and Scho{@0®5) and Saelens et a
(2003), the authors concluded that street conrigctsrassociated with
walking.
« Of 7 studies, 3 found positive association betwasget connectivity and
walking for transportation.
* Of 4 studies, none found positive association betwstreet connectivity anc
walking for recreation.
e Of 6 studies, 3 found positive association betwasget connectivity and
walking in general.
Bauman and| Systematic review Adults Pedestrian Physical Pedestrian infrastructure:
Bull, 2007%* | of reviews infrastructure | activity or
published (sidewalk walking Of 6 reviews, 3 found significant positive assdoiatbetween sidewalk




Author, y

The number of
studies that
evaluated the
exposure of
interest in this
section was not
reported.

Design and
Number of
Studies

Population

Exposure

Outcome

between 2002 andl availability) availability and physical activity, and 3 found fin® association between
2007, including 6 and street sidewalk availability and walking.

reviews about the design (street « Areview byTrost et al (2002) did not find sufficient evidertoeconclude
exposure of connectivity) that sidewalk availability is associated with plegdiactivity levels.
interest in this + A meta-analysis by Duncan et al (2005) showed pasef sidewalks was
section positively associated with physical activity (sesdw).

* A systematic review by Humpel et al (2002) conctlitteat presence of safe
sidewalks was positively associated with physicgivay.

* A systematic review by McCormack et al (2005) cadeld that sidewalk
safety was positively associated with physicahégtiand walking for
recreation.

e A systematic review by Owen et al (2004) found Higant positive
association between presence of sidewalks and mgaflr transport.

« Areview by Wendel Vos Droomers et al (2005) codeldi that presence of
sidewalks was positively associated with walking.

Street design:

Three studies found positive association betwemeistonnectivity and physica

activity. One study found positive association besw street connectivity and

walking.

« Badland and Schofield (2005) found positive assmricbetween street
connectivity and the number of intersections angsfaal activity.

« Vojnovic (2006) found positive association betwsteetconnectivity and
physical activity.

« Wendel Vos et al (2005) found positive associalietween street
connectivity and active commuting.

« McCormack et al (2004) found positive associatietween street
connectivity and physical activity and walking.

Duncan et Meta-analysis of | Adults Pedestrian Physical Pedestrian infrastructure:

al, 2008* | 16 studies infrastructure | activity
published (sidewalk «  After adjustment for age, income, and educatios pigrceived presence of
between January availability) sidewalks was positively associated with physictivity (OR=1.29; 95%
1989 and Cl, 1.17-1.41). The presence of sidewalks explaB#édf physical activity
February 2005. variance.

Adults (Outcome: Obesity)

Findings




Frostetal, | Systematic review Adults (age | Pedestrian Obesity Pedestrian infrastructure:
2010% of studies >18y)in infrastructure
published rural areas | (sidewalk + Boehmer et al (2006) studied the association betyeeceived presence of
between 1994 and availability) sidewalks and obesity among 2210 adults in rueasfrom 13 counties in
2008, including 1 Missouri, Tennessee, and Arkansas. After adjustfeergender, age, and
on the exposure education, no significant association was founavbenh sidewalk availability
of interest in this and obesity (OR=1.19; 95% Cl, 0.95-1.48).
section
Lovasi et al, | Systematic review Adults Pedestrian Obesity Pedestrian infrastructure:
2009 of 45 US studies infrastructure
(sample size (sidewalk Of 2 studies, 1 found significant inverse assooiatietween sidewalk availabilit
>100) published availability and and obesity.
between January conditions) « Boehmer et al (2006): See above.
1995 and January « Boehmer et al (2007) evaluated perceived presemtelserved conditions
2009, including 2 of sidewalks and obesity among 1032 adult urbaideess of high- and low-
studies on the income areas of Savannah, Georgia, and St Loussduii. After adjustment
exposure of for age, gender, education, and other environmeatigbles, people who
interest in this strongly disagreed that “there are sidewalks ontmbthe streets in my
section community” had significantly greater odds of obgsiompared with those
who agreed with this statement (OR=2.2; 95% Ck413). Poor condition of
sidewalks was also positively associated with dp¢€8IR=2.1; 95% ClI, 1.3-
3.6). This association was stronger among lowensire participants.
Papas et al, | Review of Adults Pedestrian Direct Pedestrian infrastructure:
2007% 20 studies, infrastructure | measures of
including 3 (sidewalk body weight | of 2 studies, 1 found inverse association betwéwalk availability and odds
studies on the availability) (eg, BMI) of overweight.
exposure of and street + Giles-Corti et al (2003) evaluated sidewalk avaligband obesity among
interest in this design (street 1803 Australian adults age 18-59 y. After adjustifenage, gender,
section connectivity) education, occupation, SES, smoking status, tireatspatching TV, leisure
time physical activity, physical activity level cpared with peers, and othe
environmental variables, living on a street withsidewalks or sidewalks or
only 1 side of the street was positively associatgld overweight (OR=1.35
95% CI, 1.03-1.78). A nonsignificant trend was sbetween sidewalk
availability and obesity (OR=1.62; 95% CI, 0.988).6

« Rutt and Coleman (2005) did not find significarg@sation between
sidewalk availability and BMI among 996 Hispanialigl in Texas.

Street design:

e Inastudy of 10,878 US adults age 18-100 y, Fetrdd (2004) did not find
significant association between the number of ggetions within a 1-km
radius of home and obesity.

Booth et al, | Narrative review | Adults Pedestrian Overweight | Pedestrian infrastructure:

2005°’ of 9 studies, infrastructure | /obesity
including 1 on the (sidewalk + Giles-Corti et al (2003): See above.
exposure of availability)




interest in this
section
Additional Original Articles 2007-2010 (Adults)*
Author, y Design and Population Intervention/Expos | Outcomes Findings
Duration ure
Cleland et | Observational, N=357 mothers of| Self-reported Self-reported time spent | «  After adjustment for highest level of schooling and
al, 2008* prospective, children in the characteristics of on walking for leisure corresponding baseline walking variables, no
2004-2006 Children Living neighborhood, (low: <90 min per week; significant association was found between sidewalk
in Active including high>90 min per week) availability and walking for leisure or transport.
Neighborhoods | infrastructure or for transport (low:<30
study in min per week; higk90
Melbourne, min per week) in the local
Australia neighborhood
Hou et al, Observational, N=5115 young Time-varying street | Self-reported walking, After adjustment for time-varying individual-levehd
2010°%° prospective, US adults in the | network data within 1 bicycling, and jogging census-level covariates:
1985-1986 to CARDIA cohort | km of home, derived * Neighborhood street density was positively
2000-2001 from GIS associated with walking, bicycling, and jogging in
low-urbanicity areas.

* In middle- and high-urbanicity areas, street dgnsit
had no relation to activity in men and was inversel
associated with activity in women.

Fitzhugh et | Quasi- Residents of 3 Construction of an | 2-h counts of directly « At follow-up, total physical activity was signifiodly
al, 2014% experimental, neighborhoods in | urban greenwayi/trail | observed (1) total higher in the intervention neighborho(R0.028).
2005-2007 Knoxville, in a neighborhood physical activity in the - During follow-up, total physical activity significaly
Tennessee (1 that lacked general neighborhood increased in the intervention neighborhood (median
intervention and 2| connectivity of the and (2) active commuting difference=+8.5P<0.001) and decreased in contro
control residential pedestriar to school neighborhoods (median differencets P<0.001).
neighborhoods) mfrastryctur_e to » Active transport to school was not significantly
nonr.eS|c_Ient|aI changed in either intervention or control
destinations neighborhoods.

IOM indicates Institute of Medicine; SR2S, Safe Rsuo School; OR, odds ratio; ClI, confidence waErGIS, geographical information systems; MVPAydarate to vigorous
physical activity; SES, socioeconomic status; BbMidy mass index; and CARDIA, Coronary Artery Risgv@lopment in Young Adults.

*Given the array of smaller, cross-sectional, obatonal studies that were already captured irptitdished narrative and systematic reviews idedtifiere, in the writing
group’s additional systematic searches for origarttles published after 2007, performed by mexrdubMed searches, evaluation of related artigled,hand searches of
reference lists, the writing group focused on thadditional studies that were randomized trialgsifexperimental studies, longitudinal studiedaoge (N>5000) cross-sectional
studies.



Supplementary Table 10d. Local Environmental Change to | mprove Physical Activity (Community Settings)

Neighborhood Safety and Crime

Safety and Physical Activity in Children and Adolescents (Reviews)

Design and
Number of
Author, y Studies Population Exposure Outcome Findings
Galvez et al, Systematic review Children or Safety: overall, | Physical Overall safety:
2010°° of articles adolescents | traffic-related, | activity
published age<18y crime-related « Five studies found positive association betweeemtat perception of safety

between January
2008 and August
2009, including 8
articles about the

exposure-outcome

relation in this
section

and children’s physical activity. Wen et al fouh@t parental perception of
neighborhood safety was positively associated tirtle spent playing outdoors
in children age 10-12 yE0.06). Veugelers et al found positive association
between parental perception of neighborhood safietlyplaying sports without
a coach (OR=1.23; 95% Cl, 1.04-1.46). Beets enahd parental perception of
a neighborhood's safety for children to play owtdigdly mediated the effect of
neighborhood quality on parental reports of chitdsectivity. Carver et al
found positive association between parental peimepbf safety and
adolescent boys' physical activity after schookyrfound no associations
between parental perceptions of neighborhood safetychildren's physical
activity outside school hours. Kerr et al foundttberceived safety was
positively associated with use of indoor exercigeigment in girls age 11-15y.

Traffic safety:

» Two studies found significant association betwagijextive measures of road
safety and physical activity. Rosenberg et al fopositive association betweep
parental perception of road safety and parentartspf children’s (age 5-11 y
activity in parks P=0.047). They also found positive association betwee
adolescents’ perception of road safety and waltking park P=0.003).Carver
et al found inverse association between self-reporbncerns about road safety
and physical activity during evenings and outsicleos| hours among
adolescent girls.

Crime safety:

* Among 3 studies that evaluated neighborhood crinfeund significant inverse
association with walking, 1 found significant pagtassociation with
sedentary behaviors, and 1 found no associatiosefitierg et al found an
inverse association between adolescents’ concerrscome safety and
walking to shopsH=0.03).Brown et al found positive association between gex
offenders per capita (IRR=2.35; 95% ClI, 1.27, 4&4]) burglaries per 100
capita (IRR=1.25; 95% ClI, 1.05, 1.47) in the scherela and playing video
games among boys. Also, they found positive asBonihetween burglaries
(IRR=1.19; 95% Cl, 1.038, 1.356) and larcenies GRR5; 95% ClI, 1.00,




1.10) in the school area and hours of televisiottliiag among the girls.
Martin and McCaughtry did not find any significargsociation between self-
reported crime attributes of the neighborhood ¢eigye, litter, gangs) and
physical activity among black children.

IOM Systematic Children or Safety (overall, | Physical Overall safety:
Committee on | review, including | adolescents | crime) activity
Childhood 2 reviews, 2 «  On the basis of a review by Carver éf%(see below), a longitudinal study by
Obesity longitudinal Cleland et &* and a cross-sectional study by Weir ef3the committee
Prevention studies, and 1 concluded that perceived safety significantly afegalking in both children
Actions for cross-sectional and adults.
Local study on the Crime safety:
Governments, | exposure-outcome «  On the basis of a review by Ferreira é‘and a longitudinal study by Gordon-
2009 relation in this Larsen et af/° the committee concluded that safety from crime associated
section with physical activity.
Carver et al, Narrative review, | Children or Safety (traffic, | Physical Traffic safety (perceived measures):
2008°® including 11 adolescents | crime) activity
studies about the | (United «  On the basis of the descriptive findings of 6 stedroad safety is a common
exposure-outcome States, concern among both parents and children. Threéestidund significant
relation in this Australia, inverse association between parental concerns abadtsafety and children’s
section New physical activity. Among 2 studies on the relati@iweenadolescents’
Zealand, perceptions of road safety and physical activityefdorted positive association
U_”'ted and 1 reported no association. Also, 1 study coetpperceptions of parents
Kingdom, and their children and found that children age 2G+ivere less concerned

and Europe)

about road safety than their parents were. Howgaggntal perception of road
safety was a stronger predictor of children’s wadkand cycling in the
neighborhood.

Traffic safety (objective measures):

» Astudy that used objective measure of road sdfetyd significant inverse
association between GIS-derived need to crossyarbasl on the most direct
route to school and walking or cycling to schoobawg children age 5-6 y and
10-12vy.

Crime safety (perceived measures):

e Onthe basis of the descriptive findings of 3 stsdharm from strangers is a
common concern among parents. For instance, 1 stymyted 88% of parents
of 5-6-y-olds and 81% of parents of 10-12-y-olgmoréed stranger danger as
concern. However, the only study on the relatiotwben parental perception
stranger danger and physical activity did not fimy significant association,
which the authors thought could relate to high pkerce of the concern.
Another study found no associations between adet¢scperception of
stranger danger and walking or cycling in theirghbiorhood.

Crime safety (objective measures):

* Most studies reviewed used a subjective measuresmé safety. However, 2
studies that used objective measures reportedisiynti associations. A study

of Mexican-American adolescents found significamverse association

=+



between the number of violent crimes committed iwithradius of 0.8 km of
home during the past year and outdoor physicaliggtalthough only among
girls. Another study, after adjusting for SES, ssye, BMI, and ethnicity,
found that objectively measured social disorder iwasrsely associated with
time spent on recreational physical activity amohidren and adolescents ag
11-16 y. However, this study did not find a sigrsfint association between
physical disorder (eg, wrecked vehicles) and playsictivity.

Panter et al, Systematic review Children (age| Safety (traffic, | Walking or | Traffic safety:
2008 of 24 studies 5-11y) or cycling to
published adolescents schoolor | . Al 5 studies that evaluated the relation betwesadrsafety and active travel
between 2002 andl (age 12-18y) other local reported significant association; however, the aberistics of the road
2007, including | in the United destinations evaluated in the studies were to some extent diftefor example, 1 study
13 studies about | States, found significant inverse association between gateaports of no lights or
the exposure- Australia, crossings in the neighborhood and parental peaehiat children had to cros
outcome rgla‘uon and Europe busy roads to get to school and active travel bmskc Another study found
in this section significant positive association between self-pptiom of safety anevalking
among the girls. This study found inverse association betpa®mtal concerns
about traffic and walking or cycling among the boys. Ano#tedy found inverse
association between unsafe roads and walking regardléss cfild’s or parents’
perception of safety.

Crime safety:

» Among the 8 studies on the relation between padrpetaeption of personal
safety and active commuting, 3 reported signifigamérse association. For
instance, 1 study* found lower parental concern of safety was assetiaith
5.2 higher odds of active commuting to school (OR+95% Cl, 2.71-9.96).
However, 5 other studies did not find any significassociation between
parental concerns about personal safety (eg, sratamger) and walking or
cycling among children and adolescents.

Davison et al, | Systematic review Children or Safety (traffic, | Active Traffic safety:

20083 of studies adolescents commuti «  Among the 4 studies on the relation between peeceiraffic safety and
published before | (age <18Yy) ng mode of transport to school, only 1 study foundhiigant inverse
June 2007, association between parental concerns about tisfiety and active
including 8 commuting to school.
studies on the Crime safety:
exposure-outcome *  Among the 4 studies on the relation between coscapout crime or
relation in this strangers and children’s mode of transport, orgyutly found significant
section positive association between parental perceptigafse neighborhood and

active commuting to school.

* On the basis of the finding of the studies on tkosure-outcome relation
in this section and studies about other environalertaracteristics, the
authors concluded that parental perception of enmiental attributes is a
stronger predictor of children’s active commutirggmpared with
objectively measured characteristics.

Ferreira et al, Systematic review Children a Physical Crime safety:




|

2007* of 150 studies adolescents activity «  Among the studies on the relation between crimilénce (measured
published from (age<18Yy) objectively) and adolescents’ physical activitfp@nd significant inverse
January 1980 to association. This finding was at odds with the latkssociation between
December 2004, adolescents’ physical activity and the neighborhsafgty estimates they
including 3 cross- perceived.
sectional studies + Although a wide range of potential correlates atghysical, sociocultural,
on the exposure- and economical levels were identified in this stuahly a few were
outcome relation examined in >3 independent samples.
in this section
Davison and Systematic review Children or Safety (traffic, | Physical Crime safety:
Lawson, of 33 studies, adolescents | crime) activity « Among 9 studies that examined the association leatyperceived safety and
2006 including 12 age <18y children's physical activity, 7 found no associati®nly studies by Molnar et 4
studies on the and Gomez et al found significant association.
exposure-outcome Traffic safety:
relation in this «  All 3 studies that examined the relation betweeatrsafety and physical
section activity reported an inverse association. Timpetial reported that parental
perception that their children had to cross mamlsao get to a play area wag
associated with significantly lower rates of walkiand cycling among
children. Also, in a second study, Timperio etuging the same sample but
using an objective assessment of the environmewmndf that the presence of g
busy road barrier was associated with lower rategtive commuting to schog
among children age 5-6 y and 10-12 y. Also, Caeteal reported that parenta
concerns about traffic were associated with lowaszs of walking or cycling
among girls and boys.
Safety and Obesity Among Children and Adolescents (Reviews)
Dunton etal, | Systematic Children and | Physical BMI « Positive associations with obesity outcomes wenaddfor number of
2009"° review, including | adolescents | environment neighborhood hazards (low-SES areas) and paresadptions of heavy
15 studies (14 characteristics traffic (older children).
cross-sectional),
with a few studies
on the exposure-
outcome relation
in this section
Galvez etal, | Systematic review Children and | Safety (overall, | Obesity * Among 3 studies evaluating parental perceptioratgtyg, 2 found significant
2010°° of articles adolescents | crime, traffic, association with healthy weight among 5th gradks gind children agel1y,
published age<l8y physical and 1 reported no association.
between January disorder) e Among 2 studies that examined adolescents’ pemepfi safety and BMI, 1

2008 and August
2009, including 8
articles on the
exposure-outcome
relation of interest
in this section

found an inverse association only in racial grooiber than blacks and whites
(a combined group of Hispanics, Asians, Americatidns, and other racial
groups).

Among 3 studies that evaluated neighborhood canditor physical disorder,
found positive association, 1 found inverse assiociaand 1 found no
association.

In 2 studies, there was no associations betweareand obesity.




The findings from 1 longitudinal study suggested 88/a mediator of the
relation between neighborhood safety and obesity.

Carter and
Dubois,
2010°°

Systematic review

of 27 studies
published

between 1999 anq

2009, including 7
studies on the

exposure-outcome

relation in this
section

Children and
adolescents
(age 2-18y)
] living in the
United
States,
 Canada,
Australia,
United
Kingdom,
and Germany

Safety

Adiposity .
(skin-fold
thickness,
BMI,
percentage
of lean body
mass, etc)

Among the 7 studies that examined the relation eetwneighborhood safety
and child adiposity, only 1 found significant rétet and only in 1 age group.
Timperio et al (2004) evaluated the relation betwgarental and children’s
perceptions of neighborhood environment and ovegiteand obesity among
291 children age 5-6 y and 919 children age 10-t2Melbourne, Australia.
After adjustment for gender, family SES, schooba®&S, and number of cars
owned adjusted for clustering by school, parengsteption of heavy traffic in
local streets was associated with overweight ositypamong children age 10-
12 y (OR=1.4; 95% CI, 1.0-1.8). Also, among childd# this age group,
parents’ perception of lack of road safety in tee@ghborhood was associated
with obesity (OR=3.9; 95% ClI, 1.0-15.2).

Safety and Physical Activity Among Children and Adolescents (Original Articles)*

Author, y Design, Duration | Population I nter vention/Exposure Outcome Major Findings
Boone- Observational, N=12,701 US Neighborhood land-cover Bouts of MVPA In longitudinal analyses, after adjuent for
Heinonen et al,| prospective, adolescents, grades | diversity, street connectivity, measured covariates and within-person time-
2010 1994-1995 to 7-12 at baseline, in | physical activity facilities, invariant factors:
2001-2002 the nationally and crime rate derived from « Higher crime rates were associated with
representative GIS significantly lower MVPA.
National
Longitudinal Study See Supplementary Tables 10a, 10b, and 10c
of Adolescent Health findings on physical activity facilities, land-cave
diversity, and street connectivity, respectively.
Carver et al, Observational, Children (age 8-9 y; | Objectively measured Change in frequency of | Age group 8-9y:
20102 prospective, N=170) and neighborhood characteristics parent-reported (for «  Number of traffic/pedestrian lights and tota
2001- 2006 adolescents (age 134 in 800-m radius around children age 8-9 y) or length of walking paths were positively

15 y; N=276) from
19 government
primary schools in
high- (n=10) and
low- (n=9) SES
neighborhoods of
Melbourne, Australia
(Children Living in
Active
Neighborhoods
Study)

home:

e Total length of local
roads and unsealed
(unpaved) roads suitable
for vehicles (GIS
derived)

e Local road index
calculated by dividing
total length of all local
roads and unsealed
(unpaved) roads suitable
for vehicles by total
length of all roads in the
neighborhood (GIS
derived)

e Total numbers of speed

self-reported (adolescent
age 13-15 y) walking or
cycling to/from 15

» neighborhood

destinations between
2004 and 2006

Change in MVPA
measured by
accelerometer in 4-6

» complete consecutive

days in 2001, 2004, and
2006

associated with changes in active transpor

among girls [(=0.45,P=0.004 and

=0.0016,P,=0.015, respectively).Slow
points were associated with change in
physical activity before schogb£1.55,

P=0.021) among boys.

group 13-15y:

Among boys, speed bumps were positively

associated with change in physical activity

after school {=0.23,P=0.015).

« Among girls, total length of local roads
(B=0.49,P=0.005), intersection density
(B=0.05,P=0.036), and number of speed
bumps p=0.33,P= 0.020) were associated
with change in physical activity during

Age

for

nonschool hours.




bumps, gates/barriers o
roads, slow points or
sections of road
narrowing, and
traffic/pedestrian lights
(obtained from street
directory data)

h

Among boys, intersection density was
positively associated with change in active
transport =0.03,P=0.030).

Among girls, total length of walking paths
was positively associated with change in
active transportf=0.0016,P=0.002).

Crawford et al,| Observational, Children (age 10-12 | Objectively measured Change in MVPA » After adjustment for age and clustering by
20102 prospective, y at baseline; N=301) characteristics of measured by school, baseline BMI, and other covariates
2001-2006 from 19 government | neighborhood (a radius of 2| accelerometer in 4-6 significantly associated with outcome, no
primary schools in km around home) complete consecutive significant associations were seen betwee
high- (n=10) and in 2004 and 2006, including] days in 2001, 2004, and these neighborhood factors and 5-y chang
low- (n=9) SES e Number of accessible | 2006 in physical activity or BMiz score.
neighborhoods of public open spaces
Melbourne, Australia| «  Number of public open | Change in BMiz score
(Children Living in sports venues from objectively
Active « Total length of walking | measured height and
Neighborhoods and cycling tracks weight in 2001, 2004, an
Study) + Distance to school 2006
*  Number of intersections
and cul-de-sacs
e Total length of “access”
paths
e Total length of “busy”
roads and “local” roads
Also assessed, parental
perceptions of local
environment in 2001, 2004,
2006, including perception of
heavy traffic, road safety
lights/crossings, sporting
venues, and public transport
Hume et al, Observational, Children (age 8-9y | « Parent-reported concernsChange in frequency After adjusting for gender, SES, and clustering
2009°° prospective, in 2004; N=121) and over heavy traffic, of parent-reported (for | by school:
2004-2006 adolescents (age 13- stranger danger, road | children age 5-6 y) or e Parental perception of no traffic lights or

15y in 2004; N=188)
from 19 government
primary schools in
high- (n=10) and
low- (n=9) SES
neighborhoods of
Melbourne, Australia
(Children Living in
Active

Neighborhoods

safety, and traffic lights
or pedestrian crossings
in area of residence
6-point Likert-type
responses were
dichotomized to strongly
agree/agree (=1) vs
others (=0).

self-reported (children
age 10-12 y) walking or
cycling to/from school
between 2004 and 2006,
dichotomized into 2
groups (increased, not
changed)

pedestrian crossings for child use was
associated with lower frequency of increas|
active commuting to school: over 2y,
OR=0.4; 95% CI, 0.2, 0.8=0.01.

No significant associations were seen
between parental concerns about heavy
traffic, stranger danger, or road safety and
outcome (OR oP value not reported).




Study)

Safety and Physical Activity Among Adults (Reviews)

Design and
Author, y Number of Population Exposure Outcome Findings
Studies
Duncan et al, | Meta-analysis, Adults Various Physical In crude (unadjusted) analyses, no variables detmraded a significant
2005"° 16 studies environmental | activity as a association with physical activity.
published characteristics | binary After adjustment for age, income, and educatioelleabsence of heavy
between January factor, eg, traffic as a problem was positively associated philgsical activity
1989 and any (OR=1.22; 95% CI, 1.08, 1.37).
February 2005. walking,
The number of sufficient
studies on the walking,
exposure-outcome sufficient
relation in this leisure-time
section was not activity
reported.
Ferreira et al, | Systematic review Youth Environment Physical Although a wide range of potential correlates atthysical, sociocultural
2007* of 150 studies characteristics | activity and economic level was identified in this studylyanfew were examined
published from in > 3independent samples.
January 1980 to Within the sociocultural environment, crime incider(measured objectively
December 2004, was inversely associated with adolescents’ physicvity in 2 of 3 studies
mos_tly cross- available, a finding that was at odds with the latkssociation between
sectional, , . .. . .
including several adole;cents physical activity and neighborhooe@tgaéstimates they
on the exposure- perceived.
outcome relation
in this section
Foster et al, Systematic review Adults Neighborhood | Physical Among the 11 studies that examined the effect odgreed neighborhood
and Giles- of 41 gquantitative safety (traffic, | activity safety (traffic, crime) and physical activity exsively among women, 4 foun
Corti 2008™® | studies published crime) significant positive association between feelinfg sand physical activity.
before July 2007 Among 25 studies on the subjective measure ofyséfeiffic, crime) in both
on the exposure- women and men, 20 studies found significant pasiéigsociation between
outcome relation perception of safety and physical activity.
in this section Among 7 studies on the objective measure of safelhpth women and men,
studies found significant positive association lestwsafety and physical
activity.
Among 6 studies on perceived safety in older adalie >50 y), 5 studies
found significant positive association between pption of safety and
physical activity.
Saelens and Systematic review Children and | Safety (traffic, | Walking All 4 reviews concluded that significant associati@xist between attributes
Handy, 2008° | of 13 reviews adults crime) of safety and walking.




published from
2002 and 2006
and 29 original
studies published
between 2005 an
2006, including 4
reviews and 15
original studies on
the exposure-
outcome relation
in this section

Traffic safety: Among 8 original studies that exaed the relation between
traffic and walking for transportation, 2 found @rge association. Among 6
studies the examined the relation between traffit r@creational walking,
none found inverse association. Among 2 studigsetkemined the relation
between traffic and walking in general, 1 founddrse association.

Crime safety: Among 7 original studies that exarditiee relation between
personal safety and walking for transportatiomudfl positive association.
Among 5 studies that examined the relation betvpegaonal safety and
recreational walking, 1 found positive associatidamong 4 studies that
examined the relation between personal safety aatkivg in general, 2 found
positive association.

Frost et al, Systematic review Adults age Safety (traffic, | Physical Traffic safety: Among 8 studies that evaluated traffic safjegyceived or
2010% of studies >18 yinrural | crime) activity objectively measured), 4 studies reported significant posiigeciations betweer
published from areas light traffic or perceived safety from traffic and physicetiity.
1994-2008, Crime safety: Among 9 studies that evaluated crime sgfetgéived or
including 17 on objectively measured), 4 reported significant associationphiyisical activity and
the exposure- 2 reported significant association with walking.
outcome relation
in this section
McCormack et| Systematic review Children and | Safety (traffic, | Park use or All 19 studies found association with safety attributes amkl yse or park-related
al, 2016™ of studies adults crime) park-based physical activity. Safety attributes were categorized into ngapups: safety
published before physical from crime and safety from injury.
2009, including activity Crime safety:

19 studies on the

exposure-outcome

relation in this
section

D

- 3 studies found positive association between thegrrce of lighting and
park use.

- 4 studies found positive association between thegirce of law
enforcement and increased security and park useg\er, 2 studies
found inverse association between police presemdgark use.

- 3 studies found an inverse association betweeprésence of the
homeless in the park and park use.

Safety from injury:

— 3 studies found an inverse association betweeprésence of glass,
syringes, and debris and park use.

— 3 studies found an inverse association betweenytteaffic and park use.

OR indicates odds ratio; Cl, confidence intervBIR| incidence rate ratio; IOM, Institute of MedieirGIS, geographical information systems; SES,c&mtinomic status; BMI,
body mass index; and MVPA, moderate to vigoroussigay activity.
*Given the array of smaller, cross-sectional, obatonal studies that were already captured irptitdished narrative and systematic reviews idesdtifiere, in the writing

group’s additional systematic searches for origarttles published after 2007, performed by mexrdubMed searches, evaluation of related artieled,hand searches of

reference lists, the writing group focused on thadditional studies that were randomized trialgsipexperimental studies, longitudinal studiedaoge (N>5000) cross-sectional

studies.



Supplementary Table 10e. Local Environmental Change to I mprove Physical Activity (Community Settings)

Aesthetic Conditions*

Children

Design and
Number of
Author, y Studies Population Exposure Outcome Findings
Carter and | Systematic review Children and | Aesthetics Adiposity Of 4 studies, 2 found inverse association betweearmess and adiposity; 1
Dubois, of 27 studies adolescents | (enjoyable (skin-fold found positive association between physical disoate adiposity; and 1 did
2010°° published (age 2-18y) | scenery, thickness, not identify significant association between enfugasscenery and adiposity.
between 1999 andl living in the | greenness, BMI, Greenness:
2009, including 4 | United physical percentage | « Liu et al (2007) studied greenness and adiposityran¥334 children age
studies (3 cross- | States, disorder) of lean body 3-18 y who were visited for routine well-child carea network of
sectional, 1 Canada, mass, etc) primary care clinics in Marion County, Indiana. Slite imagery of the
prospective) on | Australia, amount of plant life quantified NDVI within a 2-kaircular buffer of
the exposure- United each home. After adjustment for age, race, gemahel median
outcome relation | Kingdom, or neighborhood family income, NVDI was inversely asated with odds
in this section Germany of obesity in children who lived in areas with higbpulation density

(OR=0.90;P<0.01) but not in areas with low population density
(OR=1.13;P=0.31).

* In a prospective study, Bell et al (2008) evalu&&8d1 children age 3-16
y who received well-child care from a clinic netkan Marion County,
Indiana. After adjustment for age, sex, race, haakurance status, and
baseline weight, mean NDVI in a 1-km circular amdtiwork buffer
around the home was inversely associated with Bitiore 2 y after the
first visit (3=—0.06; 95% CI, —0.09, —0.02).

Physical disorder:

* Among 2482 US children age 5-18 y, Grafova (200@)eated
neighborhood physical disorder (eg, garbage, brgkess on the streets)
and obesity. After adjustment for age, gender,,ratteicity, family
wealth, income-to-needs ratio, mother's BMI, priyneairegiver’s level of
education, number of children in the household,dfehousehold head,
mother's annual hours of work, and region, livingreas with no
physical disorder was associated with lower oddsbefity (OR=0.5;
95% Cl, 0.4-0.8).

Enjoyable scenery:

e Evenson et al (2007) evaluated children’s perceptaf enjoyable
neighborhood scenery among 1554 US 6th grade iitisr adjustment
for school, site, nonschool physical activity, figrhood SES,
percentage receiving a free or reduced-price luaeti,race, no
association was observed with overweight (OR=0596 €I, 0.7-1.3).




Frost et al,
2010%°

exposure-outcome
relation in this
section

Systematic review
of studies
published
between 1994 anq
2008, including 4
cross-sectional
studies on the
exposure-outcome
relation in this
section

Adults age
>18 yin rural
areas

]

Aesthetics
(enjoyable
scenery,
greenness,
physical
disorder)

Physical
activity/obes
ity

Enjoyable scenery: Among 4 studies, 2 found asdongmwith physical
activity and 1 with obesity.

Lovasi et al, | Systematic review US children | Aesthetics Physical Of 2 studies, 1 found significant inverse associabetween greenness and
2009 of 45 US studies | of low SES, | (enjoyable activity/obes| adiposity in areas of high population density, ardid not identify significant
(sample size black race, or| scenery, ity association between physical disorder and adiposity
>100) published | Hispanic greenness, e Green space: Liu et al (2007): See above.
between January | ethnicity physical «  Physical disorder: Molnar et al evaluated objedyiveeasured neighborhoog
1995 and January disorder) physical disorder and parent-reported recreatiphgsical activity among
2009, including 2 1378 boys and girls age 11-16 y in 80 neighborhdosters in Chicago,
on the exposure- Illinois. After adjustment for age, sex, race, B¥éimily SES, and
outcome relation neighborhood education, no significant associattas found between a
in this section composite score of neighborhood physical disorddrghysical activity.
Panter et al, | Systematic review Children (age| Aesthetics Walking or | Of 4 studies, 3 found significant associations.
2008~ of 24 studies 5-11y) or (general, cycling to «  General aesthetics: Among 259 parents of childgen5a18 vy, after
published adolescents | enjoyable school or adjustment for child age, gender, and parentalathrg, Kerr et al (2006)
between 2002 and (age 12-18 y)| scenery, other local found positive association between parental peimepf neighborhood
2007, including 4 physical destinations aesthetics and children’s actively commuting tcostlat least once per week
cross-sectional disorder, (OR=2.5; 95% ClI, 1.33-4.80).
studies on the greenness) +  Enjoyable scenery: In a cross-sectional study 6fd8 girls age 10-15y,

Evenson et al (2006) found significant positiveoagstion between presenc

of enjoyable scenery and physical activity levehabthe median (OR=1.91

95% ClI, 1.17-3.11). No significant association wasn with active
commuting to school.

Greenness: Evenson et al (2006) did not find agwyifstant association
between presence of trees and active commuting.

Physical disorder: Evenson et al (2006) found iseexrssociation between
reporting bad smells in the neighborhood and walkincycling to school
(OR=0.43; 95% CI, 0.24-0.75). No association wanhdsetween presence
absence of litter and active commuting.

General aesthetics: 1 study found an associatitmphiysical activity.

Deshpande et al (2005) evaluated neighborhoodetistiuality and
physical activity in 278 persons with diabetes.eAfidjustment for BMI,
health status, and physical impairment, a posésaociation was seen
between perception of the community as pleasamitigsical activity
and being regularly physically active (OR=2.27; 96%1.07-4.81).

Wilcox et al (2000) found that after adjustmentdge, race, education,
neighborhood characteristics, region, psychosda&ibrs, and health
variables, presence of enjoyable scenery was agsdaiith leisure-time
physical activity among rural (OR=1.71; 95% CI,82.53) but not
urban (OR=1.29; 95% CI, 0.88-1.89) middle-aged wome

Kirby et al (2007) found positive association betwgresence of
enjoyable scenery and total minutes per week ofkingl(3=0.186;
P<0.05) but not with overall physical activity or sypes of strenuous,

Dr




Greenness: 1 study found no association with phayaidtivity.

Physical disorder: Of 2 studies, neither found i§igcgnt associations.

moderate, or light physical activity.

Deshpande et al (2005) saw a trend between preséecgoyable
scenery and being regularly physically active (OR8195% ClI, 0.96-
3.21).

After adjustment for age, gender, and educatiorhBeer et al (2006)
found that not having enjoyable community sceneag associated with
obesity (OR=1.8; 95% Cl, 1.3-2.6) among 2210 adaltsiral Missouri,
Tennessee, and Arkansas.

Deshpande et al (2005) (see above) did not findifsignt association
between tree-lined streets and physical activitR£0.66; 95% CI, 0.26-
1.70).

Deshpande et al (2005) (see above) found only goifgiant trends
between being regularly physically active and kyin a well-maintained
community (OR=1.58; 95% CI, 0.78-3.22) or commuffige from
garbage (OR=1.87; 95% ClI, 0.90-3.91); sample sa® small (N=278).
After adjustment for age, gender, and educatiomhBeer et al (2006) did
not find significant association between livingainvell-maintained
community or a community free from garbage and axfdseing obese in
2210 adults living in rural Missouri, Tennessed] Ankansas.

Lovasi et al,
2009

Systematic review
of 45 US studies
(sample size
>100) published
from January
1995 to January
2009, including 6
studies on the
exposure-outcome
relation in this
section

US children
or adults of
low SES,
black race, or
Hispanic
ethnicity

Aesthetics
(enjoyable
scenery,
greenness,
physical
disorder)

Physical
activity/obes
ity

Enjoyable scenery: Among 4 studies, 2 found assoniavith physical activity
and 1 with obesity; and 1 did not find any sigrafit association with obesity.

Physical disorder: Of 2 studies, 1 found positigssagiation with obesity.

Brownson et al (2001) evaluated perceived neightomttaesthetics and
physical activity among 1818 US adults. After atliusnt for age, sex, race,
income, and education, presence of enjoyable sgeves positively
associated with meeting recommendations for phiyai#vity (OR=1.46;
95% Cl, 1.13-1.88).

King et al (2000) evaluated the influence of enfilgascenery in a nationally
representative sample of 2912 US womenzaifey from different
racial/ethnic groups. After adjustment for agegeramployment, marital
status, location, education, neighborhood, perdomalers characteristics,
physical health, and preference for home-basedisegrabsence of
enjoyable scenery was associated with being phiysicactive (<20 min
activity) (OR=1.42; 95% Cl, 1.12-1.79).

Boehmer et al (2007) assessed perceived neighbddesihetics and obesi
in 1032 urban residents of high- and low-incomeasa@ Savannah, Georgi
and St Louis, Missouri. After adjustment for agender, education, and
other environmental variables, people who strodigggreed that “there are
many interesting things to look at while walkingnty neighborhood” had
greater odds of obesity than those who stronglgedyvith this statement
(OR=2.6; 95% ClI, 1.2-5.6).

Boehmer et al (2006) (see above) found no sigmfieasociation between
enjoyable scenery and odds of obesity.

1%




e Boehmer et al (2007) found significant positivecasation between
observed physical disorders and obesity (OR=3.% @5, 1.8-7.2).
e Boehmer et al (2006): See above.

Humpel et Review including | Adults Perceived (16 | Physical Among variables pertaining to aesthetics, frienthjghborhood, attractive
al, 2003 19 studies (18 studies) and activity local area, pleasant scenery, and living envirorimemne positively
cross-sectional, 1 objectively associated with physical activity:
longitudinal), assessed (4 » Ball et al (2000) found perceived lower neighborthattractiveness
including 3 cross- studies) local associated with less walking for exercise (10+ rmr§392 adults after
sectional studies environment, adjustment for age, sex, and education (OR=0.5% €5 0.41-0.79).
on the exposure- including «  King et al (2000): See above.
outcome relation accessibility of « Sallis et al (1997) found no significant relatidrenjoyable scenery with
in this section. facilities, walking for exercise or strength/vigorous exerdisgoung adults, mean age
safety, gnd 20.6 y, after adjustment for age, sex, race, arf§, BEt sample size was vel
aesthetics small (N=110).
Adultsand Children
Sallis and Narrative review, | Children and | Aesthetics Physical * On the basis of the finding of a systematic revig\wystematic reviews
Glanz, including 1 adults (general) activity by Bauman and Bull (2007) (see below), the autboreluded that the
2009® review on the aesthetic quality of a neighborhood was associatttdphysical activity.

exposure-outcome
relation in this

section
Saelens and | Systematic review Children and | Aesthetics Walking * On the basis of findings of 6 reviews, the autlmanscluded that aesthetic
Handy, of 13 reviews adults (general) gualities were associated with walking.
2008>° published « Of 9 original studies, 4 found positive associasiah of 5 studies for
between 2002 and aesthetics and walking for transportation; 2 ofulies for aesthetics and
2006 and 29 recreational walking; and 1 of 2 studies for ag#theand overall
original studies walking.
published

between 2005 and
2006, including 6
reviews and 9
original studies on
the exposure-
outcome relation
in this section

Bauman and| Systematic review Children and | Aesthetics Physical Of the 6 reviews, all focused on adults, and 5 kated that the aesthetic
Bull, 20073 | of reviews adults (general) activity or quality of a neighborhood was associated with ptatsictivity or walking.
published walking « A narrative review by Vojnovic (2006) found poséiassociation
between 2002 andl between aesthetics of environment and walking oliry.
2007, including 6 « A narrative review by Badland and Schofield (206)orted positive
reviews on the association between aesthetic factors and nonmetbtransport use.
exposure-outcome + A systematic review by Wendel Vos et al (2005) mlid find consistent

relation in this relation between aesthetics and walking.




section e A systematic review by Owen et al (2004) conclutted there was
positive association between an aesthetically plgaasnvironment and
walking.

e A narrative review by McCormack et al (2004) foypwkitive relation
between cleanliness, scenery, varied building designd greenery and
physical activity.

« A systematic review by Humpel et al (2002) foundifiee association
between perception of pleasant neighborhood andigdiyactivity.

BMI indicates body mass index; NDVI, normalizedfeiience vegetation index; OR, odds ratio; ClI, abarfice interval; and SES, socioeconomic status.

*Given the array of smaller, cross-sectional, obatonal studies that were already captured irptitdished narrative and systematic reviews idettifiere, in the writing
group’s additional systematic searches for origartitles published after 2007, performed by mexHidubMed searches, evaluation of related artieled,hand searches of
reference lists, the writing group focused on fimmdany additional studies that were randomizedbtrguasi-experimental studies, longitudinal stada@ large (N>5000) cross-
sectional studies. No such studies not alreadwdter here were identified.



Supplementary Table 10f. L ocal Environmental Change to | mprove Physical Activity (Community Settings)

Walkability (Composite I ndicators)*

Children (Outcome: Physical Activity)

4 studies about
the exposure of
interest in this
section

Design and
Author, y Number of Population Exposure Outcome Findings
Studies
Feng etal, | Systematic Children/ Walkability Physical Of 2 studies, 1 found positive association betwegalkability and physical
2010 review, including | adolescents activity activity and 1 found positive association betweetkability and active transport
2 studies on the to school.
exposure and « Kligerman et al (2007) evaluated a GIS-based wdlikaindex and
outcome of accelerometer-measured physical activity among I8i8&ver Mexican-
interest in this American adolescents (age 14-17 y) in San Diegan@oCalifornia.
section Walkability was defined as the weighted sunz e€ores for land-use mix,
intersection density, residential density, andirdiensity. After adjustment
for age and ethnicity, the walkability index upat®.8-km buffer around
home was positively associated with physical afsti{=0.278;P=0.008).
« Kerr et al (2006) evaluated a GIS-based walkahitilex and parent-
reported mode of transport to school among 25% @il age 5-18 y in
Seattle, Washington. The Frank et al (2005) mefked below) was used ta
calculate a walkability index for each block (sutbaf census tract). After
adjustment for child age, gender, and parentalaércand concerns, living
in a neighborhood with a high walkability index wassitively associated
with active commuting to school (OR=1.9; 95% CI=t359).
Brownson et| Systematic Children/ Walkability Physical Of 4 studies, 1 found association with physicaivitgt 1 with sedentary
al, 20092 review, including | adolescents activity behaviors, and 1 with active commuting to school.

Kligerman et al (2007): See above.

Kerr et al (2006): See above.

Merchant et al (2007) evaluated walkability in d&0idren from 2 public
elementary schools in Hamilton, Ontario, Canadalkéality was assessed
as the sum of the scores from questions in eaclaioofithe NEWS
questionnaire, including parental perceptions gfytation density, street
connectivity, land-use mix, walking/cycling infrastture, aesthetics, traffic
safety, and crime safety. Children at the schoth Wiss walkability spent
substantially more time watching TV (107 vs 6 mér gday;P<0.05) and on
the computer (102 vs 18 min per d&%0.05) but also slightly less time
sitting on weekends (43 vs 61 min per day0.05).

Norman et al (2006) assessed walkability and physictivity among 799
adolescents age 11-15 y in San Diego, Californie Frank et al (2005)
method (see below) was used to calculate a GlSdbaakkability composite
measure for a 1.60-km buffer around the home. Aftgustment for age,




ethnicity, and household education, no associatias found between
walkability index and MVPA. The authors felt thatriability in walkability
was fairly small in this study.

Sallis and Narrative review, | Children Walkability Physical » Kerr et al (2006): See above.
Glanz, including 1 study activity
2009° on the exposure

of interest in this

section
Lovasi et al, | Systematic review| Children Walkability Physical « Kerr et al (2006): See above.
2009 of 45 US studies activity

(sample size

>100) published
between January
1995 and January
2009, including 1
study on the
exposure of
interest in this
section

Saelens and | Systematic review Children Walkability Physical « Kerr et al (2006): See above.
Handy, of 13 reviews activity
2008"° published
between 2002 ang
2006 and 29
original studies
published
between 2005 ang
2006, including 1
original study on
the exposure of
interest in this

section
Children (Outcome: Obesity)
Design and
Author, y Number of Population Exposure Outcome Findings
Studies
Feng etal, | Systematic Children Walkability Overweight | «  Spence et al (2008) evaluated walkability and oeggiit in 501 children age
2010°* review, including 4-6 y in Edmonton, Alberta, Canada. Walkability wiedined as the
1 study on the weighted sum of scores for intersection density, dwelling denstyd land-
exposure of use mix. After adjustment for age, gender, physactivity, junk-food
interest in this consumption, neighborhood-level education, and qutign of employed
section women in the neighborhood, the walkability indexsvimversely associated

with overweight in girls (OR=0.78; 95% ClI, 0.66-0)%ut not boys




(OR=0.90; 95% Cl, 0.79-1.03).

including 2 on the
exposure of
interest in this
section

Galvez et al, | Systematic review Children Walkability Overweight | «  Spence et al (2008): See above.
201G°° of articles
published
between January
2008 and August
2009, including 1
on the exposure
of interest in this
section
Brownson et| Systematic Children/ Walkability BMI « Among 799 adolescents age 11-15 y in San Diegdfo@#h, Norman et al
al, 2009°> | review, including | adolescents (2006) (see above) found no association betweelSsh@sed walkability
1 study on the index and BMI. The authors felt that variabilitywalkability was fairly
exposure of small in this study.
interest in this
section
Dunton et al,| Systematic Children/ Walkability Overweight/ | Of 2 studies, 1 found inverse association betweskaiility and physical
2009°° review, adolescents BMI overweight but only among girls.
15 studies e Spence et al (2008): See above.
published before « Norman et al (2006): See above.
May 2008,

Adults (Outcome: Physical Activity)

D

2 studies about
the exposure of
interest in this
section

Design and
Author, y Number of Population Exposure Outcome Findings
Studies
Feng etal, | Systematic Adults Walkability Physical + Frank et al (2005) assessed walkability and phisictivity in 523 adults
2010 review, including activity age 20-69 y in metropolitan Atlanta, Georgia. Whlkty was defined by
1 study on the weighted sum of scores for intersection density, dwelling densatyd land-
exposure of use mix. After adjustment for age, sex, educatima, ethnicity, people in the
interest in this highest quartile of walkability had higher oddswdeting physical activity
section guidelines than those in the 1st quartile (OR=2983 Cl, 1.18-4.88).
Brownson et| Systematic Adults Walkability Physical Of 2 studies, both found significant associatiotween walkability and physical
al, 2009°> | review, including activity activity.

Saelens et al (2003) evaluated walkability and BM107 adults age 18-65
in 2 nonadjacent neighborhoods in San Diego, Qaiifo Walkability was
quantified using the NEWS questionnaire, based eamscores on reporte
accessibility of nonresidential destinations, stoemnectivity,
walking/cycling infrastructure, aesthetics, traffizfety, and crime safety.

After adjustment for age and education, residehtselow-walkable




neighborhood had significantly lower objectivelyasared physical activity
(130.7 vs 194.8 min during the past week0.01).
Frank et al (2005): See above.

between 2002 anq
2007, including 7
reviews on the
exposure of
interest in this
section

Saelens and | Systematic review Adults Walkability Physical «  Among adult residents of King County, Washingtorarik et al (2006)
Handy, of 13 reviews activity examined the relation between walkability indexib-km network buffer
2008"° published around home and time spent walking/cycling for $gaort. After adjustment

between 2002 ang for demographics, the walkability index was positjvassociated with time

2006 and 29 spent walking/cycling for transport.

original studies

published

between 2005 ang

2006, including 1

original study on

the exposure of

interest in this

section
Bauman and| Systematic review Adults Walkability Physical Of 7 reviews, 3 reported significant positive agatien between walkability and
Bull, 2007 | of reviews activity or overall physical activity, and 4 between walkakiéind walking:

published walking « A narrative review by Badland and Schofield (20fait)nd positive

association between walkability and physical attivi

A systematic review by Lee et al (2004) found pesiassociation between
walkability (based on self-reported data) and nmgetecommendations for
physical activity.

A systematic review by McCormack et al (2005) foyditive association
between walkability and physical activity.

A narrative review by Saelens et al (2003) founsifpe association
between walkability and transport-related physazivity.

A systematic review by Sallis et al (2004) foundifive association betwee
walkability and walking trips.

A systematic review by Owen et al (2004) found presiassociation
between walkability score and walking for transport

A review by Wendel Vos Droomers et al (2005) foyaditive association
between walkability indexes and walking.

Adults (Outcome: Obesity)

al, 2009°*

review, including
1 study on the
exposure of
interest in this

section

Design and
Author, y Number of Population Exposure Outcome Findings
Studies
Brownson et | Systematic Adults Walkability BMI e Among 107 adults in San Diego, California, Saektresl (2003) (see above

found no significant difference in BMI of residemtthigher vs lower
walkable neighborhoods (27.3 vs 2524,0.097)




Chow et al, | Systematic Adults Walkability BMI e Saelens et al (2003): See above.
20098 review, including
1 study on the
exposure of
interest in this
section
Saelens and | Systematic review Adults and Walkability BMI « Among adult residents of King County, Washingtorarik et al (2006) (see
Handy, of 13 reviews children above) found walkability to be inversely associatgih BMI.
2008>° published » Using NHANES lll data, Doyle et al (2006) evaluatainty-level
between 2002 ang walkability and BMI among 9229 US adults. Walkatilivas defined by
2006 and 29 scores of average block size, percentage of atkslbaving areas <0.03
original studies km?, and intersection density. After adjustment fomdgraphics, walkability
published index was inversely associated with obesty-0.054;P<0.05).
between 2005 ang
2006, including 1
original study on
the exposure of
interest in this
section
Papas et al, | Review of 20 Adults Walkability BMI Of 2 studies, 1 found significant associatia@iween walkability and obesity.
2007% studies, including « Saelens et al (2003): See above.

2 studies on the
exposure of
interest in this
section

« Doyle et al (2006): See above.

GIS indicates geographical information systems; @Rls ratio; NEWS, Neighborhood Environment Walkgb&cale; MVPA, moderate to vigorous physicaliaty; Cl,
confidence interval; BMI, body mass index; and NHA® National Health and Nutrition Examination Sytve
*Given the array of smaller, cross-sectional, obatonal studies that were already captured irptitdished narrative and systematic reviews idesdifiere, in the writing

group’s additional systematic searches for origarttles published after 2007, performed by mexrBubMed searches, evaluation of related artigled,hand searches of

reference lists, the writing group focused on thadditional studies that were randomized trialgsifexperimental studies, longitudinal studiedaoge (N>5000) cross-

sectional studies. No such studies not alreadwdtezd here were identified.

Note: Reference numbers (eg, Sallis and Glanz,2p8@pearing in Supplementary Table 10a througtc@fespond with those listed in the reference seraif the statement.
For the purposes of this supplementary table, theta-analyses or systematic reviews (see "Autfiaolumn) are considered the primary citation. Aiddal studies mentioned

in the primary citation may be included in the Entention/Exposure” and "Findings" columns. Theitalihl studies can be accessed through the pricitation.



Supplementary Table 11. Local Environmental Change to Reduce T obacco Use (Community Settings)

Reducing the Density of Tobacco Retail Outlets

er
er

avel
;1

Author, y Design Population Duration I nter vention/Evaluation Major Findings
West et al, | Observational, | N=205 Latino 2004-2005 | Baseline data, including data on alcahdl Homes:
20107 cross-sectional | adolescents recruited tobacco use, were collected from participants. |US  After ordinal regression while adjusting
from 7 high schools in Census Bureau data from the San Diego GIS for hypothesized social predictors, great
San Diego, California, were used to identify neighborhood distance from home to the nearest retail
and participating in a characteristics. Alcohol and tobacco retailer was associated with lower alcohol and
larger RCT evaluating addresses were obtained from the San Diego tobacco use (OR=0.90; 95% ClI, 0.82,
the effectiveness of a County Department of Environmental Health, 0.99).
counseling intervention Food and Housing Division. Distance to the
to increase medication nearest retailer from each participant’s residéntia
adherence area was measured by the shortest road path.
Pearce et al,| Observational, | N=12,529 persons age| 2002-2004 | Smoking status was ascertained by quesiie | Homes:
20097° cross-sectional | 15+ y living in and categorized as “heavy” for 10+ cigarettes per
noninstitutional day and “light” otherwise. Street addresses of | after adjusting for individual-level
permanent dwellings supermarkets and local convenience stores weriemographic and socioeconomic variables:
and participating in the collected from territorial authorities in New «  Persons living in the highest quartile for
New Zealand Health Zealand and used to geocode geographical actess pest supermarket access (<1.89 travel min
Survey to tobacco by road for each census block. by car) had 23% higher odds of being a
Accessibility of outlets (measured as road travel  gmoker (OR=1.23; 95% Cl, 1.04, 1.42)
time with a car) in each census block was divided compared with the lowest quartile (>6.54
into quartiles and paired with individual-level travel min).
data. Multivariate-adjusted regression assessed,if parsons living in the highest quartile for
the neighborhood differed between smokers and  past convenience store access (<0.98 tr
nonsmokers and whether relationships for heajy minutes) had 19% higher odds of being
smokers differed from light smokers and smoker (OR=1.19: 95% Cl, 1.04, 1.38)
nonsmokers. compared with the lowest quartile.

» Results were not statistically significant
after adjustment for neighborhood
deprivation and rural/urban residence.

» Similar nonsignificant results were
obtained for heavy smokers compared
with light smokers and nonsmokers.

Li et al, Observational, | N=55,467 individuals | 1999-2005.| BRFSS data were used to categorizeichdils | Homes:
2009 cross-sectional | in 398 communities in as current smokers or noncurrent smokers and

Massachusetts

obtain individual demographic characteristics.
Large cities in Massachusetts were divided int¢
communities according to ZIP code, and
community-level sociodemographic data were
obtained from the 2000 US Census. Tobacco

» Higher tobacco retailer density near hon
p was positively associated with current
smoking. Each 1 additional retailer per 1
km of road was associated with 13%
higher odds of current smoking (OR

e

)

retail outlet density was calculated by geocodir




the Massachusetts state Department of Reven
license registry of tobacco retailers. Mixed-
effects logistic regression models assessed
individual- and community-level predictors of
smoking.

ue =1.13;95% CI, 1.00, 1.27), after adjustir

for other covariates.

Novak et al, | Observational, | N=2116 youth (age 11- 1995-1996 | Smoking behavior and demographic Homes:
20068 cross-sectional | 23 y) living in 178 and 1997- | characteristics were obtained by interviewer-

randomly selected 1999 administered questionnaires in 2 waves (19954 .  after adjustment for census-tract level

census tracts in Chicago 1996 and 1997-1999). Trained raters drove at B confounders, youths living in areas at the
kph down every street within the selected census  75tp percentile of retail tobacco outlet
tracts. Both sides of blocks were videotaped, and  gensity were 21% more likely to have
observer logs gathered data on land use, physjcal smoked in the past month (OR=1.21; 956
conditions, patterns of social interaction, and Cl, 1.04, 1.41), compared with those living
retail locations licensed to sell tobacco. Density at the 25th percentile.
was computed by dividing the number of block| , Findings were similar in the propensity
faces with at least 1 retail outlet by the total score—adjusted model (OR=1.20: 95% |,
number of observed block faces. Generalized 1.00, 1.44).
estimation equation models, adjusted for
neighborhood confounders and another with
propensity score strata, were used to evaluate|the
relation of retail tobacco outlet density with yioyt
smoking.

Chuang et | Observational, | N=8121 adults age 25-| 5 cross- Individual-level data, including data on smoking,Homes:
al, 2008" cross-sectional | 74 y in 4 cities in sectional demographics, and SES, were collected from 5

northern Californiain | assessmentscross-sectional surveys. Convenience store | . persons living in areas with high compared

the Stanford Heart between addresses were collected from business listings of yith |ow convenience store density have

Disease Prevention 1979 and | telephone books for the years corresponding to higher smoking prevalence.

Program 1990 the surveys and geocoded. The distance, nuUmbper, gshorter distance to a store and higher
and density of stores within a 1.6-km radius in number of stores within a 1.6-km radius bf
each neighborhood were estimated. These scqres ome were associated with higher
were divided into tertiles, and multilevel models smoking prevalence.
were adjusted for individual and neighborhood| , ORs and 95% Cls were not provided.
characteristics.

McCarthy et | Observational, | N=19,306 students 2003-2004 | Data on tobacco use were collected ftadests | Schools:
al, 2009 cross-sectional | from 245 randomly who were categorized as established smokersi|if

sampled schools in
California participating
in the California
Student Tobacco
Survey

they had smoked at least 1 cigarette in the last
month and at least 100 lifetime cigarettes.

Students were categorized as experimental
smokers if they had smoked at least 1 cigarette
the last month but <100 lifetime cigarettes.
Retailer density was assessed using geocoded
2006 California Board of Equalization data on
tobacco retail licensees. The number of retail

each school was countddandom-intercept
models in a generalized linear mixed-model

outlets within a 1.6-km radius buffer area around

* The number of retailers within a 1.6-km
radius of schools was associated with
greater likelihood of students being
experimental smokers (OR=1.11; 95% C
1.02, 1.21) in urban high schools but not
middle schools.

*  The number of retailers within a 1.6-km
radius was not significantly associated
with likelihood of being an established
smoker (OR=1.06; 95% ClI, 0.94, 1.20) in

2 in

all student groups.




framework evaluated the relation of tobacco
retailer density with tobacco use.

Henriksen et| Observational, | N=24,875 adolescents | 2005-2006 | Tobacco use data were obtained fromuhveyg. | Schools:
al, 2008%* cross-sectional | enrolled in 135 Tobacco outlet addresses were obtained from| «  Prevalence of current smoking was 3.2
randomly selected state retailer licensing data using unique posta percentage points higher at schools in
schools in California ZIP codes within 0.8 km of high schools. neighborhoods with the highest tobacco
participating in the Distance from each school street address to every outlet density%5 outlets) vs
California Student tobacco outlet within 0.8 km was measured “ag neighborhoods without any tobacco
Tobacco Survey the crow flies,” and tobacco outlet density was outlets.
conducted by the measured by the total number within 0.8 km of| «  The density of retail cigarette advertising
California Department each school. After multiple regressions and in school neighborhoods was similarly
of Public Health adjustment for school and neighborhood associated with high school smoking
demographics, the association between density prevalence.
and proximity of tobacco outlets in high school| «  proximity (presence of a tobacco outlet
neighborhoods and school smoking prevalence within 300 m of a school; distance to the
was evaluated. nearest tobacco outlet from school) was
not associated with smoking prevalence
Provision of Community Telephone Quit Lines
Author, y Design Population Duration I nter vention/Evaluation Major Findings
Ossip-Klein | RCT N=1813 smokers with | From 1985 | Counties were matched on population size and «  In the hotline group, 35.9%=321) of
et al, 1991% intention to quit, to 1987, other demographics, and pairs of counties werg subjects called the hotline at least once
recruited from a 10- with an 18- | randomly assigned to manual only (American during the 18-mo follow-up.
county region in mo follow- | Lung Association self-help packet, containing @ «  Abstinence was consistently higher in th
Western New York up quit manual, maintenance manual, and relaxatjon  manual-plus-hotline counties compared

state

tape) or manual plus hotline intervention.
Participants in hotline counties were offered
access to a telephone hotline, hotline stickerd,
flyers and were encouraged to call the hotline i
addition to the manual-only intervention.
Validation of abstinence was by significant-oth
report for all subjects and salivary cotinine lesve
for about 50% of subjects.

with manual-only counties across all
follow-ups and abstinence definitions.
1-, 3-, and 6-mo 48-h abstinence
prevalence was higher in manual-plus-
hotline counties based on both significan
other report and salivary cotiniie< 0.05
each).

Abstinence rates were higher in hotline
counties at 12 and 18 mo (10.3% vs 6%
18 mo for salivary cotinine validation),
and continuous abstinence from months

)

at

3

to 18 (6.6% Vs 4.0%).

RCT indicates randomized controlled trial; GIS, greghical information systems; OR, odds ratio;@hfidence interval; BRFSS, Behavioral Risk Fa8orveillance System;
and SES, socioeconomic status.

Note: Reference numbers (eg, West et al, 28)l@ppearing in this supplementary table correspuitidthose listed in the reference section of tiag¢esnent. For the purposes of
this supplementary table, these meta-analysessteragtic reviews (see "Author, y" column) are cdesed the primary citation. Additional studies ni@m¢d in the primary
citation may be included in the "Intervention/Expas’ and "Findings" columns. The additional studias be accessed through the primary citation.



Supplementary Table 12. Direct Restrictions and Mandatesfor Diet

Restrictions on Advertising to Children

at

D

Author, y Design Population Duration I nter vention/Evaluation Major Findings

IOM Review Children and Variable Variable * There is moderate to strong

Committee on adolescents evidence that television advertising

Food influences food and beverage

Marketing and preferences, purchase requests,

the Diets of beliefs, and dietary intake of

Children and children and adolescents.

Youth, 2006% «  Current food and beverage
marketing practices geared to
children and youth are out of
balance with recommended
healthful diets and contribute to an
environment that puts their health
risk.

Powell et al, Observational, cross- A sample of 2003-2004 Food products and their related nut@ione  97.8% and 89.4% of advertised

2007%° sectional 98,306 30-s contents were examined in aggregate and  foods seen by viewers age 2-11y

equivalent food- by 5 separate categories that included and 12-17 y, respectively, were hig

product ads seen cereals, sweets, snacks, drinks, and other in fat, sugar, or sodium.

by US television food products. Ads viewed were weighted  Nearly half of all calories among th

viewers age 2- by television ratings data to provide actyal  advertised products came from

11yand 12-17 exposure measures of the nutritional sugar.

y content of food advertising seen by «  97.6% of cereal ads seen by childr
children and adolescents. age 2-11 y were for high-sugar

cereals.

* Among children, no substantial
differences were found in the
nutritional content of ads seen by
blacks vs whites.

 Among adolescents, a slightly
higher proportion of food ads were
for high-sugar products, overall an
across all food-product categories,
seen by blacks vs whites.

Gantz et al, Observational, cross- Al TV 2005 The Kaiser Family Foundation used e Children age 8-12 y were watching

2007 sectional programs samples of >1600 h of all genres of the most food ads on TV, an avera

displayed in 1 programming viewed by children and of 21 ads per day or >7600 ads pe
wk in top 10 combined a detailed analysis of year, followed by adolescents age

networks for 3 advertising content with viewing data 13-17 y (17 food ads per day), and
age groups (2-7 from a large national sample of childrenjto  children age 2-7 y (12 food ads per
y, 8-12y, and determine how many ads young people day).




13-17y),
totaling 1638 h

actually see, given the mix of
programming they watch.

* Most ads were for candy and snac
(34%), sugared cereals (28%), and
fast foods (10%); none of the 8854
ads reviewed marketed fruits and
vegetables.

N

1%

Chou et al Observational, longitudinal |  N=14,852 1996-1999 The 1979 ChileYoung Adult National » The findings estimated that a ban
2008 children, a Longitudinal Survey of Youth and the television fast-food restaurant ads
nationally 1997 National Longitudinal Survey of would reduce the number of
representative Youth were used to estimate the effects|of overweight children age 3-11 y by
sample of the fast-food restaurant advertising on 18% and the number of overweigh
US population children and adolescents being adolescents age 12-18 y by 14%.
age 12-16 y overweight. The advertising measure used
was the number of hours of spot televisipn
fast-food restaurant advertising messages
seen per week.
Veerman et al,| Simulation study Children age 61 2003-2004 Body measurement data from NHANE$«  Reducing exposure to zero would
2009% 12yin and literature related to television decrease average BMI by 0.38
NHANES 2003- advertising and dietary consumption levels  kg/n? and lower prevalence of
2004, a were used to construct a mathematical obesity by 14.6% (from an absoluts
nationally simulation model to estimate the potential  prevalence of 17.8% to 15.2%).
representative effects of reducing the exposure of US
US survey children age 6-12 y to TV food advertising
on the prevalence of overweight and
obesity.
Restrictions on Specific Dietary Factors
Author, y Design Population Duration I nter vention/Evaluation Major Findings
Leth et al, Quasi-experimental (pre- v§ Major foods in | 2003-2005 In March 2003, Denmark passed a e The number of samples that
2006%° postintervention) Denmark before regulation to impose a maximum of 2% contained >2% TFA was
and after industrially producedrans fatty acid in significantly reduced, and most of
legislation oils and fats destined for human these products contained only
banningtrans consumption. The law was applied at the between 2% and 6% TFA.
fat source, not in the final product, covered| «  Danish regulation helped reduce th
all oils and fats used in foodstuffs on the amount of industrially produced
Danish market or exported from Denmark, TFA used in foods to a very low
and limited products claiming to be “free level..
fromtransfat” to <1 gtransfat per 100 g | «  Producers successfully developed
in oil or fat used for production. This new methods of production withou
study evaluated theans fat content of the increasing prices or reducing the
253 and 148 sample foods before (2003 variety of products on the market.
and after (2005) implementation of the
law.
Angell et al Quasi-experimental (pre- vs All licensed 2006-2008 In 2006, the New York City Department «  Primary analyses of outcomes of
20093 postintervention) food of Health and Mental Hygiene proposed this regulation show that restauran
establishments, an amendment to the city's health code fo  use of artificiatrans fat for frying,
including restrict use of artificialrans fat in fry oils, baking, or cooking or in spreads ha

S




restaurants, in
New York City

spreads, and all other ingredients and
products in all licensed food
establishments, including restaurants,
school cafeterias, catering businesses,
senior centers, and offerings from street
food vendors. The FDA threshold (up to
0.5 g oftrans fat per serving) was adopte
as the threshold for labeling the product
containing anyrans fat. This restriction
went into full effect in November 2008.

o

Uy

decreased from 50% to <2%.

After 2 y, dozens of national chaing

had removed artificiarans fat and
13 jurisdictions, including
California, had adopted similar law

n
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Pekka et al, Quasi-experimental (pre-vs| Finland 1980s to A multicomponent national intervention fos  In 1978, 44% of men and 35% of
2002° postintervention) present. improve dietary habits was instituted after ~ women used whole milk, whereas
Puska and 1977, which included media and 1998 the respective proportions
Stahl, 2016 education, substantial focus on voluntary were only 9% and 4%, respectively.
agreements with industry, modificationsfto  Low-fat milk became the standard
taxation and subsidy policies for several milk used in schools and catering.
foods, and government-supported « As measured by urine sodium
programs to increase local production and  excretion, mean daily salt intakes
consumption of berries (see other relevant  declined from about 14 to 15 g in
Tables for more details on these men (unknown in women) to about
interventions). In addition, national 11 g in men and 7 g in women.
legislative restrictions were implemented «  These and other dietary changes
on the maximum percentage of milk fatin  were associated with substantial
whole milk and low-fat milk (1980s, declines in population cholesterol
1990s) and maximum salt content of levels, including 18% declines in
certain foods (1990s). North Karelia between 1972 and
1997 and similar declines in other
monitored areas.

» Diastolic blood pressure decrease
by 5% in men and 13% in women.

» Age-standardized CHD mortality
among adults age 35-64 y decreag
by 73% in North Karelia and by
65% in the whole country between
1971 and 1995.

«  About 75% of this decline could be
explained by improvements in
population risk factors rather than
changes in medical treatments.

Uusitalo et al, | Quasi-experimental (pre- v§ N=5080 and 1987-1992 In 1987, the Ministry of Health * From 1987 to 1992, the
1996 postintervention) using serial5162 subjects in initiated a multicomponent estimated mean reduction in

cross-sectional surveys

1987 and 1992
in Mauritius,
including a
subset of 2059

subjects age 30

intervention program to modify
multiple lifestyle-related risk factors.
One component was a regulatory
policy to change the composition of

general cooking oil, limiting the

intake of saturated fat related to
changes in intake of cooking oll
was 3.5% of energy in men and
3.6% in women, and estimated

mean increase in intake of




64 y with
assessment of

content of palm oil and mandating its
replacement with soybean oil. Five

polyunsaturated fat was 5.5% of
energy in men and 5.6% in

<<

=

diet in 1992 years after this regulatory intervention, women.
in 1992, a follow-up survey and a 24-h | « From 1987 to 1992, mean total
recall were performed to assess blood cholesteroal levels fell by
whether changes in the composition of 0.79 mmol/L in men and 0.82
cooking oil had influenced population mmol/L in women P<0.001
blood cholesterol levels. Phospholipid each). Changes in saturated and
fatty acid concentrations were also polyunsaturated fat consumption
measured. due to changes in cooking oil
explained 48% of this decrease
in men and 49% of the decrease
in women.
Mandates for Specific Dietary Factors
Author, y Design Population Duration I ntervention/Evaluation Major Findings
Pekka et al, Quasi-experimental (pre- vs Finland Late 1970s to | The Berry and Vegetable Project aimed|te  Over the period of the project, man
2002° postintervention) 1980s increase the feasibility of growing berries Finnish farmers switched from dair
in Finland. The Ministry of Agriculture to berry production.
and the Ministry of Commerce financed ge At a national level, berry productio
major collaborative project between berfy  and consumption rose gradually
farmers, industry, various commercial from initially very low levels.
sectors, and health authorities to develop.  These changes, together with other
and grow berries in Finland. In addition o changes in food supply, were
media and education campaigns, the associated with substantial
project supported sales campaigns, reductions in population CVD risk
development of new berry products, ang factors and rates of CVD events.
related relevant activities.
Puska and Quasi-experimental (pre- vs Finland 2000 to present A media- and educationdedu e The specific impact dbudget
Stahl, 2016 postintervention) community intervention in North Karelia policies that were developed to
to improve dietary habits was support domestic vegetable
subsequently extended to the national consumption and health-related food
level after 1977, with additional innovationshas not been reported.
substantial focus on other policy
strategies. In the 2000s, additional
government budget policies were
developed to support domestic vegetable
consumption and other health-related fopd
innovations.
Uusitalo et al, | Quasi-experimental (pre- v§ N=5080 and 1987-1992 This intervention is described in this e From 1987 to 1992, the
1996° postintervention) using serial5162 subjects in Table above, in “Restrictions on estimated mean reduction in
cross-sectional surveys 1987 and 1992 Specific Dietary Factors.” The intake of saturated fat related to
in Mauritius, intervention included both a restriction changes in intake of cooking oil
including a on palm oil in cooking oil and a was 3.5% of energy in men and
subset of 2059 mandate to increase use of soybean oil 3.6% in women, and the




subjects age 30 as its replacement. estimated mean increase in

64 y with intake of polyunsaturated fat was
assessment of 5.5% of energy in men and 5.6%
diet in 1992 in women.

* From 1987 to 1992, mean total
blood cholesterol levels fell by
0.79 mmol/L in men and 0.82
mmol/L in women P<0.001
each). The changes in saturated
and polyunsaturated fat
consumption due to changes in
cooking oil explained 48% of
this decrease in men and 49% of
the decrease in women.

IOM indicates Institute of Medicine; NHANES, Nat@rHealth and Nutrition Examination Survey; BMI,dyomass index; TFArans fatty acid; FDA, US Food and Drug
Administration; CHD, coronary heart disease; and>C¥®ardiovascular disease.

Note: Reference numbers (eg, Powell et al, 38p@ppearing in this supplementary table corresputtthose listed in the reference section of tiagéesnent. For the purposes of
this supplementary table, these meta-analysessteragtic reviews (see "Author, y" column) are cdestd the primary citation. Additional studies niemed in the primary
citation may be included in the "Intervention/Expas’ and "Findings" columns. The additional studias be accessed through the primary citation.



Supplementary Table 13. Smoking Restrictions in Comunities, Worksites, Schools, and Residences

Smoking Restrictions in Communities

Author, y Design Population Duration Intervention/Evaluation Major Findings

IOM Review of quasi- Multiple studies that Follow-up durations | Smoking bans in public places in e Many studies have
Committee on| experimental studies (pre-| examined smoking bans of individual studies | communities: Study designs were consistently demonstrated
Secondhand | /postintervention) and markers of air after the ban ranged| generally quasi-experimental, substantial reductions in
Smoke pollution and 11 studieg from 0.2to 3.0y comparing rates of relevant markers of air pollution and

Exposure and

in the United States,

hospitalizations in time periods

particulate matter in places

ce

— Sl

D

Acute Canada, and Europe that before vs after the ban, with varying where smoking was banned.
Coronary examined smoking bans durations from implementation of the.  There was substantial eviden
Events, and acute coronary ban to the assessment of post-ban €nd that these smoking bans wereg
2009 events points. As additional ecological effective in reducing acute
controls, several studies performed coronary events, with
parallel assessments of the coronany reductions ranging from6%
rates in the same time periods in a to 47%.
nearby locality that had not instituted. | studies that evaluated
a smoking ban. coronary rates separately for
smokers vs nonsmokers,
reductions were demonstrate
in both groups, consistent wit
benefits of reduced exposure
to secondhand smoke among
nonsmokers.
Meyers et al, | Systematic review and 11 reports from 10 As above As above » Pooling all studies, the relativ
20093 meta-analysis study locations that reduction in acute coronary
examined smoking bans events was 17% (RR=0.83;
in public places and risk 95% CI, 0.75-0.92).
of acute coronary events » Largest RR reductions were
(the same studies as thg seen among younger persons
IOM report, above) and nonsmokers.
* Benefits increased over time:
the reduction in RR
incrementally decreased 26%
for each year of observation
after implementation of the
ban.
Herman and | Quasi-experimental study | May 2007 statewide January 2004May | Rate of hospital admissions was e Comparing counties with no
Walsh, (pre-/postintervention) smoking ban in 2008 evaluated before and after the ban, prior bans to those with prior
2011 Arizona, which both overall and stratified by countyf bans, counties with no prior

prohibited smoking in
most enclosed public

places and places of

specific presence or absence of
preexisting smoking bans, to separa

e

the effects of the ban vs temporal

bans experienced significant
reductions in hospital
admissions for conditions




employment

trends.

directly affected by
secondhand smoke, including
acute MI (13%), angina (33%
stroke (14%), and asthma
(22%).
No significant differences
were seen for control
conditions such as
appendicitis, kidney stones,

acute cholecystitis, and ulcers.

—
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Trachsel et al,| Quasi-experimental study | March 1, 2008, smoking 2006-2009 Rates of incident Ml in the 2 y befare  There was a 22% lower rate ¢
20101° (pre-/postintervention) ban in public buildings and 2 y after the ban. Rates were incident acute Ml in the year
in the Swiss canton of evaluated both for the stable resident  following the ban, compared
Graubtinden. population and the large, transient with the prior 2 y.
tourist population to evaluate longer-.«  Rates of acute Ml in both
term vs shorter-term effects. residents and nonresidents
were lower, suggesting a
short-term benefit of the
smoking ban.
Naiman et al, | Quasi-experimental study | Smoking ban in January The study evaluated hospital * Rates of cardiovascular
2010 (pre-/postintervention) restaurants and related| 1996-March 2006 | admission rates for multiple smoking-  conditions decreased by 39%
settings in Toronto, related conditions, including acute and admissions for respirator
Ontario, Canada MI, angina, stroke, asthma, chronic conditions decreased by 33%)|.
obstructive pulmonary disease, and| « No changes were observed in
pneumonia/bronchitis, from January control cities or control end
1996, 3 y before initial points.
implementation of the ban, to March «  Reductions in disease end
2006, 2y after the last phase was points occurred during the ba
implemented. The study also period related to
evaluated control cities and control implementation in restaurant
end points. settings.
Dove et al, Quasi-experimental study | July 2004 1999-2006 The study evaluated rates of fatal M¢ M| mortality rates decreased
2010"® (pre-/postintervention) comprehensive smoke- before and after implementation of by 9.2% after implementation

free workplace law in
Massachusetts

the ban, stratified by cities/towns
with and without previous local
smoking bans.

of the law in cities and towns
with no prior local smoking
ban.

A smaller, not statistically
significant decrease occurred
in localities that did have a
prior ban.

The effect of the statewide ba
was larger after the first 12 m
(-18.6%;P<0.001) than in the
first year.
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Smoking Restrictions in the Workplace




N
]

=

Author, y Design Population Duration Intervention/Evaluation Major Findings
Fichtenberg | Systematic review with N=22,122 from 8 Durations of The included studies measured * Implementation of totally
and Glantz, random effects meta- prospective studies, 7 | individual study changes in smoking behavior that smoke-free workplaces was
2002 analysis of quasi- sequential cross- follow-up ranged accompanied the implementation of associated with pooled
experimental studies (pre-| sectional studies, 6 from 1 to 24 mo smoke-free regulation in individual reductions in absolute smokir
/postintervention) retrospective studies, workplaces. Differences in prevalence of 3.8% (95% ClI,
and 5 population consumption (per smoker and per 2.8%, 4.7%) and daily
surveys conducted in employee) and prevalence before and  cigarette use among smokerg

the United States, after workplaces became smoke-free  of 3.1 cigarettes (95% Cl, 2.4

Canada, Australia, and (in workplace studies) and between 3.8)

Germany comparable samples with and withgut  The combined effects of
regulations (in population studies) stopping smoking and lower
were calculated. consumption per continuing

smoker equaled 1.3 (range O,
1.8) fewer cigarettes smoked
per day per employee, a 29%
(95% ClI, 11%, 53%) relative
reduction.
» Studies having either self-

reported (N=3) or biochemica
(N=3) measures of secondha
smoke all found significant
reductions in environmental
tobacco smoke exposure afte
policy implementation

Bell et al, Systematic review of cross- N=16 studies in workers Included studies Workplace smoking bans were the | «  No differences were seen by

2009'% sectional (n=12), cohort in the United States were published exposure of interest. In this review, age or sex in 2 studies finding

(n=3), and quasi-

experimental (n=1) studies

(n=8), Australia (n=3),
Ireland (n=3), Finland
(n=1), and Scotland
(n=1)

between 1990 and
2007.

the authors tried to study effect
modification of the smoke-free polic
on smoking indexes by certain key
demographic variables.

a positive association betwee
strong antismoking policies
and quitting in the prior 6 mo
(OR=1.51; 95% CI, 1.1, 1.7
and a decrease in daily
cigarette consumptior-5.2
cigarettes per day) after 5 mo
and an increase of 1.7
cigarettes per day at 6 mo to
y after workplace smoking
bans??®

Farrelly et & and Heloma
and Jaakkofd’ showed that a
complete smoking ban was
associated with slightly larger
reduced prevalence of
smoking in men relative to
women, whereas Kinne ef'#i

showed that men, but not




women, whose workplace had
smoking restrictions smoked
fewer cigarettes on workdays
and nonwork days.

Farrelly et d* also showed
that workers with a college
degree showed a larger decline
in smoking prevalence (28%
reduction) than those without|a
high school education (13.7%
reduction). Gritz et &f°
showed that white collar
workers had higher quit rates
than blue-collar workers in
relation to smoking bans.

Hopkins et al,
2010%°

Systematic review

Participants in 37
worksite studies of
varying designs:
prospective (n=8),
retrospective (n=7),
cross-sectional (n=13),
and quasi-experimental
(n=13), conducted in a
variety of work settings
in the United States
(n=29), Canada (n=4),
Australia (n=1), and
Europe(n=2).

Included studies
were published
between 1980 and
June 2005.

Adoption of a smoke-free policy was
the exposure of interest. In 19 of the
included studies, smoke-free policie
were implemented either voluntarily
or in response to a community-wide
smoke-free law. In 18 of the studies
individual workers provided
information about the existing
smoking policy at their workplace.
Outcomes included prevalence of
tobacco use, cessation of tobacco u
attempts to quit, and number of
cigarettes smoked per day.

n

se,

In 22 studies that reported on
prevalence, the median
absolute change/difference in
prevalence of tobacco use
associated with smoke-free
policy was a decrease of 3.4
percentage points (interquartile
interval:—6.3 to—1.4). This
difference was significant in
10 studies.

In 6 studies that provided dat
to evaluate self-reported quit
attempts, the median absolute
change/difference was 4.1
percentage points higher
(interquartile interval-0.7 to
+6.8).

In 23 studies that assessed the
impact of smoke-free policies
on cessation, the median
change/difference in tobacco
quit rates was 6.4 percentage
points higher (interquartile
interval: 2.0-9.7). This result
was significant in 8 studies.
In 8 studies that provided
multivariate-adjusted ORs for
cessation comparing exposure
to worksite smoke-free policy
vs no smoke-free policy, OR
ranged from 1.21 (95% ClI,

1574

U




1.00, 1.45) to 1.92 (95% ClI,
1.11, 3.32).

In 18 studies that reported on
number of cigarettes smoked
per day, a smoke-free policy
was associated with a mediar
change/difference of 2.2 fewe
cigarettes per day
(interquartile interval=1.7 to
-3.3).

)

D

Mizoue et al, | Observational, cross- N=1040 employees of a Not stated A health survey using a self- A 12% lower prevalence of
2000% sectional municipal office in administered questionnaire was smoking and a 17% higher
Japan conducted among a random sample of proportion of ex-smokers wer
employees already subjected to 1 of 3  found in workplaces with a
policies: a workroom ban, a work workroom ban than in those
area ban with a smoking area inside with minimum restrictions.
the workroom, and time limits on «  Among current smokers the
smoking and prohibition of smoking workroom ban was
during meetings (minimum significantly associated with &
restriction). Smoking behavior lower consumption of
characteristics and desire to change cigarettes (mean difference
smoking were compared among these  from minimum restrictions,
policies, with adjustment for age. 4.1 cigarettes per day:
P<0.001).
» The proportion of heavy
smokers who consumed >25
cigarettes per day was 32%
lower among smokers subjec
to a workroom ban compared
with those working under
minimum restrictions.
Farkas et al, | Observational, cross- N=17,185 teenagers, | 1992-1993 and Smoking behavior and household apnd  Compared with those in
2000"* sectional age 15-17 y, in the 1995-1996 workplace smoking restrictions wer¢  workplaces with no smoking
Current Population assessed using standardized restrictions, adolescents who
Surveys conducted by questionnairesThese responses were  worked in smoke-free settings
the US Census Bureau designated as smoke-free, partial ban, were less likely to be smokers
and no smoking restrictions, (OR=0.68; 95% Cl, 0.51,
respectively. 0.90).
Siahpush et al| Observational, N=2526 current 1998 Smoking behavior of participants was  Workplace smoking bans wer,
2003% cross-sectional smokers and successfu ascertained by a mixture of not significantly associated
quitters age 14+ y in the interviews and self-administered with odds of smoking
1998 Australian guestionnaires. Participants also cessation.
National Drug Strategy answered questions on the presence

Household Survey

of a smoking ban at home, school, ¢
the workplace. Associations were

-

examined by multivariate logistic

[¢)




regression analysis.

Skeer et al, Observational, cross- N=3650 Massachusetty JanuaryJune 2002 | Participants were obtained by + Employees who worked in
2005° sectional adults who were random-digital dialing of places where smoking was
employed primarily Massachusetts households and asked permitted had 10.3 higher odds
at a single worksite about their smoking status, hours of (95% Cl, 6.7, 15.9) of being
outside the home that exposure to tobacco smoke at work exposed to secondhand smoke,
was not mainly outdoors and their worksite smoking policy. A and those who worked in
multivariate logistic regression model  places with designated
was created to assess exposure to smoking areas had 2.9 highel
secondhand smoke in the workplace odds of being exposed to
by workplace smoking policy, secondhand smoke (95% ClI,
adjusting for potential confounding 2.4, 3.5), compared with
variables employees in smoke-free
worksites.

e Compared with smoke-free
worksites, employees who
worked in places with
designated smoking areas were
exposed to secondhand smoke
1.7 times longer (95% ClI, 1.4
2.2) and those who worked in
places with no restrictions on
smoking were exposed 6.34
times longer (95% Cl, 4.37,
9.21).

Shelley et al, | Observational, cross- N=1472 Asians (1071 | November Smoking behavior, health status, aride A smoking ban at work only
2007*% sectional nonsmokers and 401 | 2002-August 2003 | household and workplace smoking was not associated with a
current smokers), age restrictions were assessed using higher likelihood of reporting
18-74 vy, living in 2 standardized questionnaires. good/excellent health
communities in New (OR=1.13; 95% ClI, 0.56,
York City 2.31).
Osypuk et al, | Observational, cross- N=85,784 US indoor | 2001-2002 Survey participants were asked abgout Employment in a workplace
2009 sectional workers who their individual smoking habits and that was not smoke-free was
participated in the 2001 smoking policies at their workplace. associated with higher odds qf
2002 TUS of the CPS Workplace smoking was modeled as current smoking among all
conducted by the US a dichotomous variable (smoke-free survey participants, OR=1.34
Census Bureau vs nor-smoke-free) where (95% ClI, 1.27, 1.41).
non-smoke-free workplaces includeds  Stratified analysis showed that
sites with designated smoking areas US-born participants working
and no smoking restrictions. The in non-smoke-free workplace$
association between smoke-free were 1.36 times more likely ta
workplaces and current smoking wgds  be current smokers (OR=1.36;

compared among immigrants and

those born in the United States after

covariate adjustment.

95% CI, 1.29, 1.44) compared
with those working in smoke-
free workplaces. The
association was potentially




weaker among immigrants
(OR=1.15; 95% Cl, 0.97,
1.35).

Friedrich et al,
20098

Observational, cross-
sectional

N=1627 employees of
larger companies (>20
employees) in the
canton of Zurich,
Switzerland

2007

Questionnaire data about the
prevalence of tobacco prevention
usage, tobacco prevention measure

and the stages of change with respect
to introduction of tobacco prevention
measures were obtained from human

resources managers in included
companies. Multivariable regression
was used to evaluate the relation
between worksite tobacco preventig
measures and policies and relevant
outcomes such as percentage of
smokers in the workforce and
environmental smoke-related
problems.

Greater restrictiveness in
smoke-free policies was
inversely associated with
percentage of smokers in the
workforce and with
environmental tobacco
smoke-related problems
(environmental tobacco smok]
exposure and complaints) aft
ordinal regression analysis
Compared with companies th
banned smoking indoors and
outdoors, workers in
companies with no policy wer
3.77 times more likely and
those in companies with
designated smoking areas we
2.75 times more likely to
report environmental tobacco
smoke-related complaints.
No statistical difference was
found in environmental
tobacco smokerelated
complaints between compani
with indoor smoking bans
alone and those with both
outdoor and indoor smoking
bans.

Ma et al,
2010+

Observational, cross-
sectional

N=2698 workers, age
18-69 y, in 6 counties in
China

2004

Face-to-face interviews collected d
on demographic characteristics,
smoking behaviors, secondhand
smoke exposure, and worksite
smoking policy.
Multivariate-adjusted models
evaluated the relation between
worksite smoking restriction policies
and secondhand smoke exposure
among nonsmokers, intention to qu
among smokers, and cigarettes
smoked.

Ata

Nonsmokers in workplaces
with an unrestricted smoking
policy were 3.7 times more
likely (OR=3.7; 95% ClI, 1.3,
10.1) to be exposed to
secondhand smoke compare
with nonsmokers in smoke-
free workplaces.

Significant associations were
not seen for intention to quit g
cigarettes smoked.

Longo et al,
2001°

Quasi-experimental study,
comparing current or forme
smokers in hospitals that

r former smokers in 26

N=1033 current or

randomly selected

Follow-up ranged
from6 moto 9y,
depending on when

The Joint Commission on
Accreditation of Healthcare
Organizations mandated smoke-fre

At each of the time periods
examined, the post-ban quit
ratio for the hospital

D
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implemented a smoke-free
policy vs those in
nor-smoke-free control
workplaces in the same
communities

smoke-free hospitals in
21 states (intervention
group) and 816 current
or former smokers in
workplaces without
smoke-free policies wh
lived in the same
communities
(comparison group)

the smoking ban wa
implemented in each
hospital (varying
between hospitals
from 1987 to 1994).

5 hospitals in the United States in 199
Hospital and other community
(control) employees were surveyed
beginning in 1994 using a
guestionnaire and were resurveyed
twice to assess their smoking status
prospectively (until 1996). The main
outcome measures were the
proportions of smokers who quit aftg
the ban (quit ratio) and the relapse
rate. Between-group comparisons
were conducted using the Cochran-
Mantel-Haenszel statistic for generd
association, stratified Cox
proportional hazards models, and
other appropriate statistical tools.

3.

el

employees was higher than
that for the community
employees.

For employees whose
workplace smoking bans
were implemented at least 7
before the survey, 25.6% of
smokers quit post-ban,
compared with 14.2% for
employees in norsmoke-
free workplacesR=0.02).
After adjusting for a variety
of factors, time to quitting
smoking was shorter for
hospital employees
(P<0.001), with an overall
RR of quitting of 2.3.
Relapse rates were similar i
both groups.

n}

Osinubi et al, | Quasi-experimental study | N=128 employees of the 19932000 The insurance group extended its | «  Post-ban participants had
200442 (pre-/postintervention) New Jersey Insurance smoke-free indoor policy to a smokg-  higher quit rates than pre-ban
Manufacturers Group free indoor and outdoor policy. Datg participants (52.4% vs 43.0%
enrolled in a tobacco- on smoking habits of 101 employees after 6 mo.
dependence treatment enrolled in a tobacco-dependence | «  Post-ban participants were
program treatment program in the group with 80% less likely to relapse tha
target quit dates set before pre-ban participants.
implementation of the ban were « Nonquitters decreased their
compared with those of 27 workers consumption by 6.6 cigarettes
enrolled after the ban was per day (39.1% decrease).
implementedIn-person follow-ups
were conducted with participants at|2
wk after their target quit dates, and
quit status was verified with exhaled
carbon monoxide. Quit status at 6 mo
was assessed by self-report or
telephone interviews.
Bauer et al Quasi-experimental study | N=1967 employed 8y, 19932001 Data on personal and demographic People who worked in
20057 (pre-/postintervention) persons, age 25-64 y af characteristics, tobacco use environments that changed t

baseline, enrolled in
COMMIT in 20 US and
Canadian cities

behaviors, and restrictiveness of
worksite smoking policies were
obtained from trial participants who
worked primarily indoors using
telephone interviews done in 1993
and 2001. Multivariate models were
constructed to examine the role of

changes in worksite smoking policie

or maintained smoke-free
policies between 1993 and
2001 were 1.9 times more
likely than people whose
worksites did not do so to
have stopped smoking
(OR=1.92; 95% ClI, 1.11,
3.32).

[=]




over time (and other factors) in
determining smoking behaviors.

e Continuing smokers in these
environments decreased the
average daily consumption h
2.57 cigarettes.

» People working in
environments that had
smoke-free policies in place
in both 1993 and 2001 were
2.3 times more likely
(OR=2.29; 95% ClI, 1.08,
4.45) than people not
working in such

environments to quit by 2001

and continuing smokers
reported a decline in averagg
daily consumption of 3.85
cigarettes.

* No significant change was
observed in the likelihood of
quitting in people working in
environments with designate
smoking areas compared wi
those working in
environments that allowed
smoking, but workers in suct
environments consumed 2.2
significantly fewer cigarettes
per day.

N=1400 workers at the

Wheeler et al, | Quasi-experimental study 20032005 The hospitals implemented smoke- «  Prevalence of smoking amon
2007% (pre-/postintervention) University of Arkansas free campuses in 2003. Smoking employees declined from 9.6
for Medical Sciences behavior and exposure to secondhand before to 2.6% after

University Hospital and smoke was assessed in 1400 of the implementation of the ban

Arkansas Children’s approximately 9000 employees at (P<0.05).

Hospital random 3 mo before implementation «  Significantly fewer employees
of the ban and 10 mo after reported that they had to walk
implementation, using sequential through cigarette smoke on
cross-sectional anonymous surveys. campus after the ban than

before (18% vs 43%,
P<0.001).
Smoking Restrictions on School Campuses
Author, y Design Population Duration Intervention/Evaluation Major Findings
Sellstrom et | Systematic review 17 cross-sectional or | Search conducted | The study aimed to evaluate the * Inthe 3 studies that evaluateq
al, 2006* longitudinal studies between August and relation between the school smoking as an outcome,

performed in high-
income countries

October 2003; time

range of articles not

environment and various child

outcomes. Smoking behavior was 1

smoking was more prevalent

ir

o

]

in schools without




involving youth age <18 stated outcome of interest. antismoking policies.
y and with e The odds of being a smoker i
hierarchically structureg a school without an
data antismoking policy was 1.2 to
2.77 times higher than in a
school with a smoking policy.
Siahpush et al| Observational, N=2526 current 1998 Smoking behavior of participants was Campus smoking bans were

20034

cross-sectional

smokers and successful
quitters age 14+ y in the
1998 Australian
National Drug Strategy
Household Survey

ascertained by a mixture of
interviews and self-administered
guestionnaires. Participants also
answered questions on the presenc|
of a smoking ban at home, school, ¢
the workplace. Associations were
examined by multivariate logistic
regression analysis.

=)

not significantly associated
with odds of cessation.

Borders et al,
2005

Observational, cross-
sectional

N=13,041
undergraduate students
at 12 4-y colleges and
universities in Texas

Not reported

A web-based survey covering past
and current tobacco use was
completed by students in
participating schools. Campus
smoking policies and regulations,
including those on restriction of
tobacco distribution, prohibition of
sales, and restrictions on advertisin
were obtained from school
administrators. Multivariate logistic
regression evaluated the associatio
between these school policies and
probability of smoking.

=

College-level policies such ag
prohibition of tobacco sales o
campus, prohibition of
smoking in residential halls,
restricted tobacco distribution
smoking restricted to 6 m fron
entrances, and clearly
identified nonsmoking areas
were each not significantly
associated with self-reported
smoking.

=]

Barnett et al,

Observational, cross-

N=763 students age 13

1999

Student smoking behaviors and oth

ey

School policies targeted at

)

O

20074° sectional y and 768 students age key individual variables were student smoking or indoor
16 y in 57 schools in obtained from students by self- smoking by staff were not
Quebec, Canada reported and parent-completed significantly associated with
guestionnaires. School-level data on students’ cigarette
smoking policies were obtained from consumption.
school principals. Multilevel « Female students age 13y
modeling evaluated relations between  attending schools that allowe
school policies and student smoking. staff to smoke outdoors were
4.8 times more likely
(OR=4.8;95% ClI, 1.1, 21.1) t
be daily smokers than those
attending schools where
teachers were not permitted t
smoke outdoors.
Piontek et al, | Observational, N=2510 secondary Not reported Student smoking behavior and » Absence of smoking bans for
2008 cross-sectional school students age 10 students’ perception of their school's students was associated with

15y and N=843

antismoking policy were assessed

higher odds of being a curren

[




students age 16-21y
enrolled in 40 schools i
Bavaria, Germany

using self-administered
guestionnaires. Logistic regression
examined school context variables,
including rules on smoking as
predictors of current adolescent
smoking.

smoker in the younger age
group only (OR=1.62; 95% C
1.03-2.53).

Among older students, the
presence of teachers who
smoked on school grounds w.
associated with a higher
likelihood of smoking
(OR=1.97; 95% Cl, 1.18-
3.29).

Boris et al, Observational, N=1041 teachers Spring 2000 Cross-sectional data on smoking No significant difference
2009 cross-sectional and N=4763 9th tbehe;]worsgve?a _collgctecti f;jomt was observed for teacher
. eachers. Participating students . o o
grade Sthe”t_S Ir! 20 completed the Healthy Habits Survey, smoking (11% vs 13%, .
schools in 5 districts which included information on P=0.42) or student smoking
in southern smoking behavior at the end of theif (24.6% vs 25.2%, P=0.75) at
Louisiana 1st semester in high school (to schools with a no-use vs
determine if short-term exposure to restricted-use policy.
differing school policy affected
adolescent behavior). Logistic
regression methods were used to
assess the relation between school
policy and student smoking
prevalence.
Murnaghan et | Observational, sequential | N=1537 10th grade 19992001 Repeated cross-sectional smoking The presence of a school

al, 2009*°

cross-sectional

students enrolled in all
10 English-speaking
schools in Prince
Edward Island, Canada
followed up over 3
waves of data collectior]

behavior data were collected from a

census sample of all 10 schools usipg

the SHAPES tobacco module over 3
y. In year 1, none of the schools had
policies banning smoking on school
property or participated in
provincially directed school-based
smoking prevention programs. In
year 2, 4 of the schools had
introduced a policy banning smoking
on school property and the other 6

schools had implemented provincially

directed school-based smoking

prevention programs. In year 3, all 10

schools had introduced a policy
banning smoking on school property
and implemented the provincially
directed school-based smoking
prevention programs. Logistic
regression analysis examined the
relation between school and

tobacco ban was not
significantly associated with
reduced odds of smoking afte
multivariate adjustment.




environmental factors and smoking
12th grade students.

Lovato et al, | Observational, cross- N=22,681 students in | 20032004 Student smoking behaviors were | «  Students attending schools
2010*° sectional grades 10 and 11 in 77 assessed using the SHAPES with stronger policies
schools in 5 Canadian guestionnaire. Written school prohibiting tobacco use were
provinces antismoking policies were examineg less likely to smoke (OR=0.92;
and scored to quantify their “smoking  95% ClI, 0.88-0.97).
policy intent,” and interviews were
conducted with school officials to
ascertain the degree of policy
enforcement. School properties werg
also observed and tobacco control
bylaws obtained from each school’s
municipality. Data on community-
level variables were obtained from
the Canadian census data records.
Multilevel generalized linear models
evaluated the relation between key
individual-, school-, or community-
level variables and student smoking.
Apel et al, Quasi-experimental N=915 female and 1995 The university announced anew |« Of the students
1997%° evaluation (pre- N=308 male students a policy limiting smoking to interviewed, 36% were
/postintervention) E]guigzgr?,l (L)aniversity o deS|gnated areas. AShtrayS current smokers.

Koln. Germany were also placed at each «  Of smokers, 28% of male
designated area and removed smokers and 30% of female
from all other areas that had smokers reported smoking
been declared smoke-free. less 1 mo after the policy was
Approximately every 10th student implemented.
was interviewed with a questionnairg.

The effect of the new policy was then

assessed.
Etter et al, Quasi-experimental N=1856 staff and September1993uly | A smoking restriction policy was e The proportion of smokers
1999"* evaluation (pre- students of the 1996 implemented at the university in who made at least 1 attempt {

/postintervention)

University of Geneva,
Switzerland

March 1996. Smoking was prohibite
in 4 faculty buildings of the
university except in limited areas
with display of posters and
distribution of leaflets about the no-
smoking program. No intervention
was implemented in some other
faculty buildings, considered
comparison buildings. Surveys were
conducted 3-4 mo before and 3-4 m
after implementation of the policy.

quit in the 4 mo after
implementation almost
doubled in the intervention
group before vs after
implementation (2.0% to
3.8%,P=0.003) but remained
unchanged in the comparison
group (1.8%).

The proportion of active
smokers was lower, but not
significantly so, in the
intervention (24.8%) vs




comparison (27.2%) groups 4
4 mo after the intervention.
Among participants who were
smokers both at baseline and
at follow-up, the number of
cigarettes smoked within
university buildings did not
change significantly in the
intervention group (5.5
cigarettes per day at baseling
vs 5.7 at follow-upP=0.14)
but decreased significantly in
the comparison group (5.5 at
baseline vs 5.0 at follow-up,
P=0.035).

There was no difference in
self-reported exposure to
environmental tobacco smoke
between the 2 groups.

More members of the
intervention group (28%)
reported less annoyance
because of environmental
tobacco smoke than the
comparison group (14%)
(P=0.001).

—
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Stronger Enforcement of Schools’ Anti-Tobacco Polies

Wakefield et | Observational, cross- N=17,287 students, Spring 1996 Smoking behavior and household and  School smoking bans were
al, 20092 sectional grades 912, age 1417 school smoking restrictions were associated with a greater
y, obtained by a 3-stage assessed using standardized likelihood of being in an
sampling procedure of guestionnaires. earlier stage of smoking
US counties uptake (OR=0.89; 95% Cl,
0.85, 0.99) and lower 30-d
prevalence of smoking
(OR=0.86; 95% Cl, 0.77, 0.94
only when the ban was
strongly enforced, as measur
by instances when teenagers
perceived that most or all
students obeyed the rule.
Adams et al, | Observational, cross- N=16,561 students, 2007 Data on students’ personal and » Schools with a higher
20093 sectional grades 712, at 20 observed smoking habits were enforcement variable had less

middle and high school
in northern and central

"z

lllinois and participating

obtained by questionnaire. Phone
interviews were conducted with
school administrators and staff who

current tobacco use by minor
(OR=0.83; 95% CI, 0.70

1°2)




in the Youth Tobacco
Access Project, a large
5-y intervention study
of youth tobacco use
funded by the National
Cancer Institute

were most knowledgeable about
enforcement of the school tobacco
policy. Comprehensiveness of scho
tobacco policies, including
applicability, restrictions, and
repercussions, was rated. Random
effects regression with a 2-level
hierarchical model examined schoo
enforcement, observations of minor
using tobacco on school grounds, a
youth smoking status.

0.99).

Schools with higher
enforcement of tobacco
policies had fewer
observations of tobacco use ¢
school grounds. For each
additional unit of enforcement
the odds that youth saw mino
using tobacco on the school
grounds decreased b9.5.
Comprehensiveness of schoqg
tobacco policies was not
significantly related to current
tobacco use by students.

n

s
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Lipperman- Observational, cross- N=21,281 middle and | 2006 Students were asked about school| «  After covariate adjustment,
Kreda et al, sectional high school students tobacco policies and whether the students at schools with high
2009 (primarily grades 8 and policies were strictly enforced, as enforcement had 0.62 times
11) in 255 schools who well as about their individual the odds of any cigarette
participated in the 2006 smoking behavior. The percentage pf ~ smoking and 0.46 times the
Oregon Health Teens students who perceived the rule odds of daily cigarette
Survey against tobacco use as strictly smoking compared with
enforced was calculated in each students in schools with low
school. By quartiles, schools with enforcement of antismoking
perceived low levels of strictly policy (P<0.05 each).
enforced antismoking policy were
compared with schools with higher
levels of perceived enforcement
against student smoking.
Sabiston et al,| Observational, cross- N=24,213 students, 20032004 Student smoking behaviors were | «  Students were less likely to b
2009"° sectional grades 1a.1, from 81 assessed using the SHAPES smokers in schools with
schools in 5 Canadian guestionnaire. Written policies were stronger prohibition
provinces collected from schools, interviews (OR=0.83; 95% ClI, 0.72, 0.95
with school administrators were compared with weaker
conducted, and school properties prohibition.
were observed to assess multiple |«  Students’ perceptions of
dimensions of the school tobacco school tobacco context were
policy. A multilevel logistic associated with a greater
regression model assessed the likelihood of smoking
relations between social smoking (OR=1.26; 95% ClI, 1.20,
indicators, school policy 1.33).
characteristics, and student smoking
behavior.
Evans-Whipp | Observational, cross- N=3466 students, 2003 Students completed questionnaire§ «  Peer smoking on school
et al, 20168 sectional grades 6, 8 and 10, fror about their personal smoking grounds was lower in schools

285 schools in the
International Youth

behaviors and smoking behaviors

occurring on school property.

with a strict enforcement of

policy (OR=0.45; 95% ClI,




Development Study in
Washington state, the
United States, and
Victoria, Australia

Selected school staff from each

school completed surveys, and the
comprehensiveness of each schoolls
smoking policy was rated. Random
effects logistic regression evaluated
the relation of specific school policy
components with smoking outcome

14

0.25-0.82;P=0.009).

There was no clear evidence
that a comprehensive smokin
ban, harsh penalties, remedig
penalties, harm minimization
policy, or abstinence policy
had any significant relation to
smoking outcomes.

<

Lovato et al, | Observational, cross- N=22,318 students in | Not reported Student smoking behaviors were | «  Students’ perceptions of polig
2007’ sectional grades 10 and 11 in 81 assessed using the SHAPES tobac¢o  enforcement were correlated
randomly sampled module, and a senior school with school smoking
schools in 5 districts in administrator with extensive prevalenceR=0.36) and
Canada knowledge of each school’s tobaccg location of tobacco use
policy was also recruited to complete (R?=0.23-0.63).
a questionnaire about the « Policy intention and
implementation of the school implementation subscales did
smoking policy. Written tobacco not significantly correlate with|
policies were also collected from school smoking prevalence b
each school and each corresponding  were moderately correlated
school district board. Multiple linear with tobacco use on school
regression was conducted to examine  property f=0.21-0.27).
policy implementation and students
perception of policy enforcement as
predictors of school smoking
prevalence and smoking behaviors
occurring on and off school property.
Lovato et al, | Observational, cross- N=22,681 students in | 20032004 Student smoking behaviors were | «  Students in schools with
2010*° sectional grades 10 and 11 in 77 assessed using the SHAPES stronger enforcement of
schools in 5 Canadian guestionnaire. Written school antismoking policies were
provinces antismoking policies were examined more likely to smoke
and scored to quantify their “smoking (OR=1.20; 95% ClI, 1.07,
policy intent,” and interviews were 1.35).
conducted with school officials to
ascertain the degree of policy
enforcement. School properties werg
also observed and tobacco control
bylaws obtained from each school’s
municipality. Data on community-
level variables were obtained from
the Canadian census data records.
Multilevel generalized linear modelg
evaluated the relation between key
individual-, school-, or community-
level variables and student smoking.
Lovato et al Observational, cross- N=29,553 students in | 20042005 Student smoking behaviors were | «  Neither smoking policy intent
20108 sectional grades 5-9 who assessed using the SHAPES variables nor strict




participated in the
Canadian Youth
Smoking Survey

guestionnaire. Each school’s written
tobacco policy was examined, scored,

and coded, with higher scores
representing stronger policies.
Enforcement of school policies was

assessed by interviewing school staff

most knowledgeable about the anti-
smoking policy. Negative binomial

regression analysis models examined

the relation between school policy
characteristics and school smoking
prevalence. Multilevel logistic
regression evaluated the relations
between school-level variables and
individual smoking status.

enforcement of anti-tobacco
policies were significant
predictors of individual
smoking status.

Residence-Based Restrictions on Smo

king

Author, y Design Population Duration Intervention/Evaluation Major Findings
Mills et al, Systematic review of cross- Adults in the United Studies published | Home smoking restrictions were « Of 2 studies that evaluated
2009"° sectional (n=16) and States (n=20 studies), | between January assessed using a variety of differen smoking prevalence, 2 found

longitudinal (n=7) studies

Canada (n=2 studies),
Australia (n=2 studies),
and United Kingdom
(n=1 study)

1990 and November
2008

guestions in the included studies.
Complete or partial home smoking
bans were evaluated and typically
compared with no restrictions.
Outcome measures included smoki
prevalence, smoking cessation, dalil
cigarette consumption by smokers,

and relapse after smoking cessation.

significantly lower prevalence

of smokers in persons living I

homes with smoking

restrictions compared with

g homes without smoking

y restrictions.

» Of 14 studies that assessed
daily cigarette consumption,
13 found significantly lower
daily cigarette consumption in
smokers living in homes with
smoking restrictions compare
with homes without
restrictions. One study found
null results. The 3 longitudina
studies that reported
significantly lower
consumption showed a
reduction in daily cigarette us
of =2 cigarettes per day.

» Of 13 studies that assessed
quitting, 12 showed that
smokers living in homes with
smoking restrictions were
more likely to quit compared

1)

with those living in homes




with no smoking restrictions.
One study reported null
results. Point estimates for OR
of abstinence ranged from 1.32
to 3.89 in the various studies.
All 5 studies that reported
relapse showed that smokers
living in smoke-free homes
were less likely to relapse after
quitting, compared with those
living in homes without
smoking restrictions. In a
longitudinal study, Hyland et
al found that those living in a
smoke-free home at baseline
were less likely to be smoking
4 y later compared with those
who allowed smoking in their
homes (OR=0.6; 95% CI, 0.4
0.8).

Emory et al,
2010*°

Systematic review of
longitudinal (n=2) and
cross-sectional studies
(n=16)

Children age <18 y in
the United States (n=16
studies), Ukraine (n=1
study), Finland (n=1
study), and Australia
(n=1 study)

Variable
individual study
duration
Studies
published
between Januar
1990 and
January 2010
were included.

y.

In 7 of the included studies,
smoking restrictions at home
were separated into 3 categorie
complete, partial, and no
smoking restrictions.

Among the studies, 11 used a
dichotomous exposure, in whicl
completely smoke-free homes
were compared with all others.
Outcomes examined in the
various studies were
heterogeneous and included
smoking initiation, status or
transitions on the smoking
uptake continuum, current
smoking defined as smoking in
the past 30 d, cigarette
consumption among current
smokers, intent to smoke, and
smoking cessation among youth-
ever smokers.

Included studies adjusted for
relevant covariates.

1]

Both longitudinal studies
showed positive association
between home smoking
restriction and at least 1 inde
of improved smoking behavior
among adolescents.

One of these longitudinal
studies (Klein et al) showed
that adolescents with a home
smoking ban were 12% less
likely to have smoked in the
past month (OR= 0.88; 95%
Cl, 0.80, 0.96) compared with
those without home smoking
bans.

In the other longitudinal study
(Albers et al), having a smoke
free home was not
significantly related to
progression to established
smoking. Not having a smoke
free home was associated with
transition from nonsmoking tq
experimentation for children
who lived with nonsmokers
(OR=1.89; 95% ClI, 1.30, 2.74)




but not for children who lived
with smokers.

Of the 17 cross-sectional
studies, 14 showed at least
some marginal positive
association between home
smoking restriction and
adolescent smoking behavior
For example, Rissell et al 2008
found that students with clear,
rules about not smoking were
33% less likely to be current
smokers (OR= 0.67; 95% ClI,
0.49, 0.90) than those withou
clear rules. Rainio et al (2008
showed that odds of being
cigarette experimenters (as
opposed to never-users) were
2-fold higher in children with
no home smoking restrictions
vs those in smoke-free homes.

Kabir et al,
2010

Systematic review of cross
sectional studies (n=8),
longitudinal (n=1), quasi-
experimental (n=1), and
randomized trial (n=1)

- Children age 0-17 y
(mean age 12-14 y) in
studies in the United
States (n=5 studies),
Europe (n=5 studies),
Australia (n=1 study),
and Latin America,
Asia, or the Middle Eas
(n=1 study)

Studies published
between January
2000 and April 2010

The study assessed the relation of
voluntary home smoking restrictions
with secondhand smoke exposure i
children. Studies used either self-
reported or biochemical measures
(urinary cotinine, hair cotinine:
creatinine ratio) to assess secondha
smoke exposure.

=)

nd

Children living in homes with
smoking bans had significantly
lower odds of secondhand
smoke exposure compared
with those living in homes
with no smoking bans.
Children living in homes with
smoking restrictions had
significantly less biochemical
concentration of secondhand
smoke (>50% less) than thos
living in homes with no
smoking restrictions.

D

Pizacani et al,
20042

Observational, prospective

N=1133 adult smokers
identified from a 1997
telephone survey in
Oregon, including 583
assessed during follow-
up

19971999, median
duration of follow-
up 21.3 mo

A standardized questionnaire on
tobacco attitudes and practices was
administered by telephone, includin
level of household smoking

restrictions, eg, full home ban, partiale

home ban, and no home smoking b
Of the 1133 smokers identified at
baseline, 583 were interviewed at
follow-up to assess quitting activitie
quit attempts, time until relapse, anc
smoking cessation.

J

A full ban at baseline was
associated with higher odds qf
a subsequent quit attempt
(OR=2.0; 95% CI, 1.0, 3.9).
Among respondents in the
preparation stage at baseline
(intention to quit in the next
month with a quit attempt in
the previous year), a full ban
was associated with higher
odds of being in cessation for
at least 7 d during follow-up




(OR=4.4;95% ClI, 1.1, 18.7)
and a lower relapse rate
(HR=0.5; 95% Cl, 0.2, 0.9).
These associations were not
seen among smokers in
precontemplation (no intentio
to quit) or contemplation
(intention to quit within the
next 6 mo) stages.

=]

Farkas et al, | Observational, N=17,185 adolescents,| 1992-1993, and Smoking behavior and household apnd  Compared with those in
2000*° cross-sectional age 1517y, in the CPS| 1995-1996 workplace smoking restrictions wer¢  households with no smoking
conducted by the US assessed using standardized restrictions, adolescents who
Census Bureau guestionnairesThese responses were  lived in smoke-free
designated as smoke-free, partial ban, households were less likely tq
and no smoking restrictions, be smokers (OR=0.74; 95%
respectively. Cl, 0.62, 0.88).

* Among ever-smokers,
adolescents were more likely
to be former smokers if they
lived in smoke-free homes
(OR=1.80; 95% Cl, 1.23,
2.65).

Wakefield et | Observational, N=17,287 students, Spring 1996 Smoking behavior and household apd  Restrictions on smoking at
al, 2000 cross-sectional grades 9-12, age 14/ school smoking restrictions were home were associated with a
y, obtained by a 3-stage assessed using standardized greater likelihood of being in
sampling procedure of guestionnaires. an earlier stage of smoking
US counties uptake P<0.05) and a lower
30-d prevalence of smoking
(OR=0.79; 95% Cl, 0.67,
0.91).
Wechsler et | Observational, N=14,138 students Spring 1999 Smoking behavior and household ane  Current smoking was lower
al, 2001°® cross-sectional enrolled in 119 US school smoking restrictions were among residents of smoke-fre
colleges and assessed using standardized housing compared with
participating in the questionnairesMultiple logistic residents of unrestricted
Harvard School of regression was used to model housing (21.0% vs 30.6%,
Public Health Alcohol association of current cigarette use jn ~ P<0.0001).
Survey the past 30 d with types of housing
after adjusting for smoking history
and other variables.
Siahpush et al| Observational, N=2526 current 1998 Smoking behavior of participants was  The odds of having quit
2003% cross-sectional smokers and successful ascertained by a mixture of smoking were 4.5 times
quitters age 14+ vy in the interviews and self-administered greater for respondents who
1998 Australian guestionnaires. Participants also lived in households where
National Drug Strategy answered questions on the presence smoking was not permitted

Household Survey

of a smoking ban in their homes,

schools, or workplaces.

than for those in households

with no smoking restrictions




Associations were examined by
multivariate logistic regression
analysis.

(OR 4.5; 95% CI, 3.1, 6.6).

o

Shelley et al Observatiqnal, N=1472 Asians (1071 | November Smoking behavior, health status, ande  Among nonsmokers,

500765 ' | cross-sectional nonsmokers and 401 | 2002-August 2003 hous_ehold and workplace smc_)klng compared with no smoking
current smokers), age restrictions were assessed using restrictions, respondents who
18-74y, living in 2 standardized questionnaires. had a total smoking ban at
communities in New home only were more likely tdg
York City report excellent/good health

(OR=1.90;P<0.05); as were
respondents who had a total
smoking ban both at home and
work (OR=2.61P<0.01).

Schultz et al, | Observational, cross- N=29,243 students, 20042005 Participants completed questionnaires Respondents living in homes

2010"° sectional grades 0, age 1115y, on smoking behavior and home with no smoking bans were
from randomly sampled smoking restrictions, including total more likely (OR=1.70; 95%
public and private ban, some restrictions, and no Cl, 1.31, 2.21) to be smokers
schools in 10 provinces restrictions. Susceptibility to smoking or experimenters compared
in Canada and was categorized into levels of with those living in homes
participating in the smoking experience and intention: with smoking bans
Canadian Youth nonsusceptible nonsmoker, e For nonsmokers, the odds of
Smoking Survey susceptible nonsmoker, and being susceptible to smoking

experimenter/smoker. increased with absence of a
total household smoking ban.

Myung et al, | Observational, cross- N=2545 Asian male 20032004 Data on smoking status, intentiontpe  Having an intention to quit

2010°’ sectional smokers age >18'y quit smoking, and household smoking  smoking in those living in
living in California restrictions were obtained from the homes with complete or partial

California Korean American Tobacco  smoking restrictions was 2.5
Use Survey. Multivariate adjusted times higher than for those
logistic regression model was used o with no restriction on smoking
study the association between in their homes (OR=2.54; 959
household smoking restriction and Cl, 1.22, 2.58).
intention to quit.
Ayers et al, Observational, cross- N=500 adult Koreans | 2002 Telephone interviews were conducied Smoking restrictions were
20108 sectional living in Seoul, Korea with randomly selected persons to inversely associated with

and N=2830 persons of
Korean ancestry living
in California

obtain information about the kind of

smoking restriction that exists in theji

home, estimate the number of
cigarettes they and their “most
exposed” child were exposed to, an
obtain information about other
important covariates.

Logistic regression models were
constructed to evaluate the
association between home smoking
restrictions and secondhand smoke

home secondhand smoke
exposure.

The predicted probability of
any secondhand smoke
exposure in Koreans without
any home smoking restriction
was 0.5 (95% Cl, 0.45, 0.56)
compared with 0.1 (95% Cl,
0.17, 0.33) in Koreans with
complete home smoking ban.
The predicted probability of




exposure and predicted probabilities
were reported.

D

any secondhand smoke
exposure in persons of Korea
ancestry living in California
without any home smoking
restriction was 0.62 (95% ClI,
0.52, 0.70) compared with
0.03 (95% CI, 0.02, 0.04) in
those with a complete home
smoking ban.

Fu et al,
2010°°

Observational, cross-
sectional

N=291 American
Indians obtained from a
cohort of smokers
participating in the
Minnesota Health Care
Programs’ nicotine
replacement treatment
program

20052006

Administrative records obtained at
baseline and follow-up survey data
obtained after 8 mo of nicotine
replacement therapy were used to
obtain data on smoking behavior,
type of smoking ban at home, and
other demographics. Multivariate
analysis assessed the relation betw
presence of complete home smokin
ban and 7-d point prevalence
abstinence.

een

Complete smoking ban was
associated with a greater
likelihood of smoking
abstinence in the past week,
compared with no ban and
partial ban (OR=3.57; 95% C
1.52, 8.40).

IOM indicates Institute of Medicine; RR, relativisk; Cl, confidence interval; Ml, myocardial inféien; OR, odds ratio; TUS, Tobacco Use SupplemdRt; hazard ratio; CPS,
current population surveys; COMMIT, Community Intention Trial for Smoking Cessation; and SHAPES)d&t Health Action, Planning and Evaluation System.

Note: Reference numbers (eg, Meyers et al, #80&ppearing in this supplementary table corresputtithose listed in the reference section of tlagesnent. For the purposes
of this supplementary table, these meta-analyssgstematic reviews (see "Author, y" column) arasidered the primary citation. Additional studiesntioned in the primary
citation may be included in the "Intervention/Expas’ and "Findings" columns. The additional studias be accessed through the primary citation.



Supplementary Table 14. Examples of Major Surveillance Surveysfor Diet, Physical Activity, and Tobacco Usein the United States

Survey

Description

M ethodology

Frequency

What |s M easured

National Health and Nutrition
Examination Survey (NHANES)

http://www.cdc.gov/nchs/nhanes.

htm

National Center for Health
Statistics*

A program of studies that assesses the
health and nutritional status of adults an
children in the United States

A nationally representative sample g

d=5000 persons located in counties
across the country is examined ever
year. Fifteen counties are visited
annually. NHANES incorporates bot
a physical examination and an
interview.

fOngoing

Yy
h

The NHANES interview includes
demographic, socioeconomic, dietary,
and health-related questions. The
examination component consists of
medical, dental, and physiological
measurements, as well as laboratory
tests.

(=]

ly

ic

SO

Youth Risk Behavioral Monitors priority health-risk behaviors | Includes a national school-based Every 2 y | YRBSS monitors 6 categories of
Surveillance System (YRBSS) | and prevalence of obesity and asthma | survey and district surveys since priority health risk:
among youth and young adults 1991 « Behaviors that contribute to
http://www.cdc.gov/HealthyYout unintentional injuries and violence
h/yrbs/index.htm e Tobacco use
e Alcohol and other drug use
CDC and state, territorial, and » Sexual behaviors that contribute t
local education and health unintended pregnancy and sexual
agencies and tribal governments* transmitted diseases
e Unhealthy dietary behaviors
* Physical inactivity
In addition, YRBSS monitors the
prevalence of obesity and asthma.
Behavioral Risk Factor A state-based system of health surveys| Currently data are collected monthly Annually | BRFSS collects data on behaviors that
Surveillance System (BRFSS) | that collects information on health risk | in all 50 states, the District of since are associated with preventable chron
behaviors, preventive health practices, ardolumbia, Puerto Rico, the US Virgin1984 diseases, injuries, and infectious
http://www.cdc.gov/brfss/ healthcare access primarily related to | Islands, and Guam. More than diseases. States use BRFSS data to
chronic disease and injury 350,000 adults are interviewed by identify emerging health problems,
CDC, states, territories, and tribal telephone each year. establish and track health objectives,
governments* and develop and evaluate public health
policies and programs. Many states al
use BRFSS data to support health-
related legislative efforts.
Household Food Acquisition and A nationally representative survey of Detailed information will be collected Full-scale | FoodAPS will provide data about
Purchase Survey (FoodAPS) household food purchases and acquisitipapout foods purchased for implemen | household food choices.
consumption at home and away fromtation of | «  Quantities, prices, and expenditur
home as well as foods acquired the study for all at-home and away-from-
http://www.ers.usda.gov/Briefing through food and nutrition assistanceis home foods and beverages bough
/DietQuality/food aps.htm T programs (both public and private). | expected and acquired from all sources
The survey will collect information | in 2012. « Nutritional value of foods bought

USDA Economic Research
Service*

from up to 3500 low-income and
1500 higher-income households.

—

and acquired
Eating occasions by household
members




Methodology is still being finalized.

Household characteristics,
including income, program
participation, nonfood
expenditures, food security, health
status, and diet and nutrition
knowledge

Household access to food,
including location of purchase and
distance to outlets

ce
in
]

Quarterly Food-at-Home Price | Provides food price data to support The database is constructed from | 1999- The food categories created by

Database (QFAHPD) research on the economic determinants|dflielsen Homescan data and includegs2006 QFAHPD correspond with the 2005
diet quality and health outcomes. Conta|nguarterly observations on the mean Dietary Guidelines for Americans and

http://www.ers.usda.gov/Briefing regional and market-level quarterly pricesprice of 52 food categories for 35 capture price premiums for convenien

/CPIFoodAndExpenditures/gfahp across all 48 contiguous states. market groups covering the and processing. Prices are presented

d.htm contiguous United States. dollars per 100 g of food as purchasec

S by consumers.

USDA Economic Research

Service*

School Health Profiles (Profiles)| Provides data on health policies and A representative sample of public | Every 2 y | Profiles school health education
activities at schools for states and large| middle schools and high schools in a since requirements and content, physical

http://www.cdc.gov/healthyyouth Urban school districts state, territory, tribal government, or| 1994 education requirements, school health

[profiles/index.htm school district collected with self- policies related to HIV infection/AIDS,

administered, mailed questionnaires prevention of tobacco use, nutrition,

States, territories, tribal asthma management activities, and

governments, and school family and community involvement in

districts* school health programs

School Health Policies and Provides national data on 8 components ¢fiformation collected includes all Every 6 y | SHPPS studies health education,

Practices Study (SHPPS) school health at the state, school district, states, a nationally representative | since physical education and activity, health
school, and classroom levels sample of school districts, and a 1994 services, mental health and social

http://www.cdc.gov/HealthyYout
h/shpps/index.htm

CDC*

nationally representative sample of
public and private elementary
schools, middle schools, and high

interviews, Web-based surveys, and
self-administered, mailed
guestionnaires are used.

schools. Computer-assisted personal

services, nutrition services, healthy an
safe school environment, faculty and
staff health promotion, and family and
community involvement.

o

National Youth Tobacco Survey
(NYTS)

http://www.cdc.gov/tobacco/datd
statistics/surveys/NYTS/index.
tm

A school-based survey of students in
grades 6-12 that provides national data
long-term, intermediate, and short-term
, indicators key to the design,
L implementation, and evaluation of
comprehensive tobacco prevention and

Both public and private schools
eligible for inclusion

Multistage design*; schools
randomly selected, with
probability proportional to
enrollment size

control programs. The NYTS also serve

*Classrooms are chosen

Every 2
or3y
since
1999

The NYTS was designed to examine
correlates of tobacco use such as
demographics, minors’ access to
tobacco, and exposure to secondhand
smoke. The NYTS provides nationally
representative data about middle and

high school youths’ tobacco-related

2



CDC, states, territories, and trib
governments*

alas a baseline for comparing progress
toward meeting selected Healthy People
2010 goals for reducing tobacco use
among youth.

randomly within selected
schools, and all students in
selected classes are eligible to
participate.

Anonymous and self-
administered questionnaire
Only 1 class period required to
administer questionnaire.
State-level data collected, but
data can be analyzed at the loca
level.

il

beliefs, attitudes, behaviors, and
exposure to pro- and anti-tobacco
influences.

Ul

—

Global Youth Tobacco A school-based survey designed to GYTS is composed of 56 “core” Ongoing |« Knowledge and attitudes of young
Surveillance (GYTS) enhance the capacity of countries to guestions. The questionnaire also people toward cigarette smoking
monitor tobacco use among youth and tpallows countries to insert their own « Prevalence of cigarette smoking
http://www.cdc.gov/immwr/previe guide the implementation and evaluation country-specific questions. and other tobacco use among young
w/mmwrhtml/ss5701al.htm of tobacco prevention and control people
programs. The GYTS uses a standard + Role of the media and advertising
WHO, CDC, Canadian Public | methodology for constructing the in young people’s use of cigarette
Health Association, individual | Sampling frame, selecting schools and «  Access to cigarettes
countries* classes, preparing questionnaires, +  Tobacco-related school curriculum
fol!owmg consistent field procedures, an . Environmental tobacco smoke
using consistent data management . Cessation of cigarette smoking
procedures for data processing and
analysis. Information generated from the
GYTS can be used to stimulate the
development of tobacco control programs
and can serve as a means to assess
progress in meeting program goals.
Tobacco Marketing Surveillance Tobacco marketing surveillance project | Monitors tobacco industry marketing Ongoing | Trinkets and Trash makes images and
Project] Trinkets and Trash and archive in magazines, direct mail, email, information available through its
websites, and other channels website.
http://www.trinketsandtrash.org/
University of Medicine and
Dentistry of New Jersey*
American Time Use Survey Provides nationally representative Data are collected through telephongAnnually | Age; sex; race; activity start time, stop
(ATUS) estimates of how, where, and with whom interviews. Census Bureau since time, duration, and location; family
Americans spend their time and is the | interviewers use computer-assisted | 2003 income; school enrollment; educational
http://www.bls.gov/tus/ only federal survey providing data on the telephone interviewing. Households attainment; marital status; employmen
full range of nonmarket activities, from | without telephones can also be status; usual hours of work; multiple jab
Bureau of Labor Statistics: US | child care to volunteering. ATUS data | selected for the ATUS sample. In a status; full- or part-time work;
Census Bureau* files are used by researchers to study a| letter about the survey, the Bureau of occupation; body weight; geographic

broad range of issues; the data files

Labor Statistics asks respondents in

include information collected from

these households to call a toll-free

location/region of the country; eating
and health module

3



>98,000 interviews conducted from 200
to 2009. Data files can be linked to data
files from the Current Population Survey
expanding the context in which time-use
data can be analyzed. ATUS data are
being used to examine eating and drinki
patterns and how they relate to a persot
overall health; how Americans use food
assistance programs; and how different
groups of Americans spend their leisure
time, such as watching television,
socializing, and exercising.

8 number to complete the interview.
Respondents are only interviewed
, once.

>
«

Demographic and Health SurveysProvides data for a wide range of Standard DHS surveys have large | Every 5y | Anemia, child health, education, fami
(DHS) monitoring and impact evaluation sample sizes (usually between 5000 planning, fertility, fertility preferences,
indicators in the areas of population, and 30,000 households) and typically gender/domestic violence, HIV
http://www.measuredhs.com/ | health, and nutrition. are conducted every 5y to allow prevalence, knowledge, attitudes, and
comparisons over time. behavior, household and respondent
characteristics, infant/child mortality,
One implementi_ng agency, Interim DHS surveys focus on malarig, mate_rrjal health, maternal
usually a bona fide govgrnmental, collection of information on key mortaht,y, nutrition, wealth/SES, and
nongovernmgntgl, or private performance monitoring indicators women's empowerment.
sec_tor organ_lzgtmn SQCh asa but may not include data for all
nat|or}al stans‘upal pfﬁce, a.fe_\m|l,/ impact evaluation measures (such as
planning orgamzaupn, a ministry mortality rates). These surveys are
of health, a university, a conducted between rounds of DHS
government research group, or a surveys and have shorter
private research group. guestionnaires than DHS surveys.
Involvement of 'T”'”'S”'es of Although nationally representative,
health is becoming more these surveys have smaller samples
important because of the than DHS surveys (2000-3000
increased health content of DHY households).
surveys and the need to have
access to specialized staff who
can collect biological specimeng
such as blood samples.*
National Health Interview Survey Monitors the health of the nation ona | The NHIS is a large-scale household Annually | Demographic variables, SES, general
(NHIS) broad range of health topics, including | interview survey of a statistically since health, health conditions, health
health status, healthcare access, and | representative sample of the US 1957 behaviors, medical care/access,
http://www.cdc.gov/nchs/nhis.ht| Progress toward achieving national healtttivilian non-institutionalized household information, and geography
m objectives population. Interviewers visit 35,000+
o 40,000 households across the country

and collect data on about 75,000-

4



US Census Bureau, National
Center for Health Statistics*

100,000 individuals. The
guestionnaire consists of 2 main pa
a core set of questions that remain
basically unchanged from year to ye
and supplemental questions that
change from year to year and that
collect additional data pertaining to
current issues of national importanc
About 20 min of an average NHIS
interview is devoted to supplemental
guestions. Federal agencies and
private nonprofit organizations may
sponsor supplements. NHIS analysg
on a variety of topics are published
throughVital and Health Statistics
Series Reports, National Health
Satistics Reports, NCHS Data Briefs,
andHealth E-Sats.

ts:

ar

D

:S

Early Childhood Longitudinal
Program (ECLS-B)
http://nces.ed.gov/ecls/birth.asp

US Department of Education,
National Center for Education
Statistics*

ECLS was designed to provide decision
makers, researchers, child care provide
teachers, and parents with detailed
information about children's early life
experiences. ECLS-B, the birth cohort o
ECLS, looks at children's health,
development, care, and education durin
the formative years from birth through
kindergarten entry.

ECLS-B collects information from
s;hildren, parents, child care provide
teachers, and schools. Itis a
nationally representative sample of
f children born in 1998 and 2001. The
children participating in the study

racial/ethnic backgrounds with
oversamples of Asian and Pacific
Islander children, American Indian
and Alaska Native children, Chinese
children, twins, and low and very lov
birth weight children. ECLS-B is a
longitudinal study.

Ongoing
rsfrom
1998

gcame from diverse socioeconomic and

=

Cognitive assessment, child
development, school readiness, early
school experience. ECLS provides

national data on children's status at bif

and at various points thereafter;
children's transitions to nonparental
care, early education programs, and
school; and children's experiences an
growth through 8th grade. ECLS also
provides data to analyze the relations
among a wide range of family, school,
community, and individual variables
with children's development, early
learning, and performance in school.

=

National Collaborative on
Childhood Obesity Research
(NCCOR) Measures Registry
http://www.nccor.org/measures

National Collaborative on
Childhood Obesity Research*

Free, searchable online registry was
designed to provide measures and
resources for use in childhood obesity
research.

The purpose of the registry is to promots
consistent use of common measures an
research methods across childhood obeg
prevention and research at the individug
community, and population levels.
Measures are defined broadly as tools 3

The Measures Registry was
developed by a collaborative team @
NCCOR members, contractors, and
academic experts who searched
2 bibliographic resources for peer-
dreviewed articles in 4 domains: (1)
sibdividual dietary behavior, (2)
lindividual physical activity behavior,
(3) food environment, and (4)
nohysical activity environment.

Ongoing
f from
2011

methodologies to assess individual diet,

Selected articles deemed to contain

The Measures Registry includes nearl
750 measures in 4 domains. Types of
measures in the Registry include
guestionnaires, instruments, diaries,
logs, electronic devices, direct
observation of people or environments
protocols, and analytic techniques.
Details about each measure include
validity, reliability, protocols for use,
and settings, geographic areas, and

populations in which the measure has

5



physical activity, and the environments inmeasures in these domains were then been used. Users can search for

which these behaviors occur. summarized for entry into the measures and details about how to use
searchable database. Data abstraction them, find measures in development,
form, search parameters, and coding link to other measures registries and
decisions for describing measures are related resources, and submit new
available on the website. measures for inclusion.

CDC indicates Centers for Disease Control and fPitewe USDA, US Dept of Agriculture; HIV, human immodeficiency virus; AIDS, acquired immune defidgrsyndrome;
WHO, World Health Organization; CPS, current pofialasurveys; and SES, socioeconomic status.
*Ownership of data.



Supplementary Table 2. Media and Education Campaigns to Reduce Smoking

Author,y Design Population I ntervention/Exposure Findings
Farrelly et al, Quasi-experimental National US monitoring | Pre- vs postevaluation of a media « The prevalence of youth smoking declined from 25t89
2005° comparison (pre- | data, including=50,000 campaign on smoking prevalence in US 18% between 1999 and 2002.

Vs
postintervention)

students in grades 8, 10,
and 12

youth, including a “Truth” campaign, a
TV campaign, and a measure of the
“dose” of exposure by market

The media campaign was estimated to account for 22
of this decline.

%

Henriksen et al, | Randomized N=832, 9th and 10th Evaluation of responses of adolescents|to  Tobacco company ads were viewed as less favoriadie|t
2006* controlled study graders, age 14-17y 5 smoking prevention ads sponsored by a other ads.
tobacco company * None of the ads had an effect on intention to smoke
« Company-sponsored ads engendered a more favorable
response to the sponsoring company.
Sutfin et al Cross-sectional N=488 high school Exposure to 3 approaches to antismoking Negative life circumstances were associated witfeto
2008° between subjects, | students, some smokers | ad: intention to smoke.
randomized and some nonsmokers | 1. Endangering others « Response differed by smoking status.
experimental 2. Negative life circumstances «  Smokers liked ads with more negative thoughts less.
design 3. Industry manipulation
US Surgeon Review, 10 studies, ranging from | Educational anti-tobacco strategies e Education conducted in conjunction with communitg a|
General's Reporty nonsystematic N=654 to N=6716 healthcare systerbased strategies can postpone or
2000° Intervention compared prevent smoking onset in 20-40% of adolescents.
with comparison group
CDC, 2007’ Review of health | Multiple states Review of effects of paid televisio « Countermarketing and media must have sufficierthea|
communication radio, billboard, print, and web-based frequency, and duration to be successful.
intervention best advertising to reduce tobacco use « Ads should reach 75%-85% of the target audienck eat
practices for quarter.
comprehensive e A campaign should run at least 6 mo to increase
tobacco control awareness, 12-18 mo to have an impact on attitiashets,
programs. 18-24 mo to influence behavior.
Dauvis et al, Review, systematiq Publications from 1970 td/edia approaches to tobacco control: |« Media communications play a key role in knowledge,
2008° May 2007, including 10 | 1. Mass media attitudes, and behaviors related to tobacco.
controlled field 2. Marketing communication (ie, « Cigarettes are one of the most heavily marketedymts
experiments (26 sponsorship) in the United States, and there is a causal relstip
publications) in children | 3. Consumer marketing (ie, packaging) between tobacco advertising and increased tobaseo U
and 19 controlled field 4. Stakeholder marketing (ie, health « Mass media campaigns should be designed to disgeura

experiments (39
publications) in adults

warnings)

tobacco use, curb smoking initiation, and encourage
cessation. Best results occur when mass media is
combined with other strategies.

Advertising that includes strong negative messaesit
health is most effective.

Wakefield et al,
2010"

Review,

nonsystematic

Studies of antismoking
media campaigns,

Mass media campaigns for smoking

cessation

Mass media campaigns were associated with dedfines

smoking initiation in adolescents and increasesdints

1



including 25 controlled quitting.

field experiments (youth); e Smoking prevention is more likely when mass media
40 controlled field efforts are combined with school or community
experiments (adults); 57 programs.
population-based ¢ In adults, mass media campaigns work best when
state/national media combined with other control strategies, but studgigin
campaigns; and 11 time- often makes it difficult to establish independeffitets.
series studies with « The dose of exposure to ad campaigns is impontaoite
controls (adults) exposure improves efficacy.
Tynan et al, Review, Children and adults Multiple e  Sustained media campaigns combined with other
20106° nonsystematic interventions

— Increase negative attitudes about smoking
— Decrease smoking initiation among youth
— Promote smoking cessation

Pennant et al, Systematic review | 36 relevant community | Multicomponent prevention programs alle  Net absolute reduction of smoking prevalence o¥4dl.7
20107 of multicomponent | intervention programs included a media-based approach, with across studies (statistical significance not pred)d
CVD prevention (international) using (1) screening and (2) individual and
programs that controlled before-after group intervention. Interventions were

included a media- | comparisons in adults delivered at the workplace, schools, or
based approach an other locations.

were published
between January
1970 and July 2008

o

CDC indicates Centers for Disease Control and Piteve and CVD, cardiovascular disease.

Note: Reference numbers (eg, Farrelly et al, 28p&ppearing in this supplementary table corresputiithose listed in the reference section of tlagesnent. For the purposes
of this supplementary table, these meta-analyssgstematic reviews (see "Author, y" column) arasidered the primary citation. Additional studiesntioned in the primary
citation may be included in the "Intervention/Expas’ and "Findings" columns. The additional studias be accessed through the primary citation.



Supplementary Table 3. Nutrient and Front-of-Pack L abels

Observational Studies of Consumer Behavior

Author,y Design Population Duration I ntervention/Evaluation Major Findings
Neuhouser et | Observational, | N=1450 adult | September The questionnaire assessed use of * Use of nutrition labels was significantly higher
al, 199¢° cross-sectional | residents of 1995-September nutrition labels, fat-related diet habits, among women, residents age <35y, and residents
Washington 1996 fruit and vegetable consumption, diet- with more than a high school education.
state related psychosocial factors, health | «  When controlled for demographic factors, the
behavior, and demographic strongest predictors of label use were belief & th
characteristics. importance of eating a low-fat diet, belief in an
association between diet and cancer, and being in
the maintenance stage of change for adopting
low-fat diet.

» Label use was significantly associated with lower
fat intake and, after adjusting for all demographic
psychosocial, and behavioral variables, explained
6% of the variance in fat intak€<€0.001).

» Label use was not associated with fruit and
vegetable consumption.

Weaver and | Observational, | N=5765 1994-1996 Self-reported data from a population-| «  The average proportion of food energy from
Finke, 2003® | cross-sectional | respondents based cross-sectional survey. This study added sugars for the entire sample was 13.2%
age 20+ y who modeled total consumption of added |« Regular use of sugar information on nutrition
completed sugar. Respondents’ consumption of panels was associated with a significantly lowef
both the CSFII these added sugars was originally density of added sugar.
and the DHKS measured in teaspoons. As a dependent  persons who “always” used labels for sugar
variable in this model, added sugar information consumed 1.1% less of their total
consumption was measured as a energy from added sugars, compared with all
percentage of food density so that other individuals P<0.05).
persons with different caloric needs and
intakes could be compared more
accurately. The results indicate which
persons are receiving a larger proportion
of daily energy intake from sugar.
Satia et al, Observational, | N=658 blacks | Not reported Self-reported data from a population-| «  78% of respondents read nutrition labels when
2005 cross-sectional | age 20-70y based cross-sectional survey. An 11- they purchased packaged foods.

page questionnaire assessed nutrition
label use, fruit and vegetable
consumption, total and saturated fat
intakes, fat-related dietary behaviors,
diet-related psychosocial factors, and
demographic and behavioral
characteristics. Mean age was 44+12 \

41% were men, 37% were college

Nutrition label use was significantly higher amo
participants who were women, older, educated
beyond high school, and obe&&(.05).

After adjusting for demographic characteristics,
the strongest psychosocial predictors of nutritio
label use were healthful eating self-efficacy,
strong belief in a diet-cancer relationship, and




graduates, and 75% were
overweight/obese.

trying to lose weight.

Respondents who used labels usually/often ha
higher consumption of fruits and vegetables
(mean 3.0 vs 2.1 servings per day,0.0001).
Respondents who usually/often read grams of f
information had lower total fat intake compared
with those who rarely/never read this informatig
(mean 29.1 vs 34.8 g/&8<0.0001).

>
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Lewis et al, Observational, | N=5603 US 2005-2006 A survey was conducted to examine yse Subjects with chronic diseases were more awar
20092 cross-sectional | adults age 18+ of label information among persons with  of nutritional recommendations, checked more
y in the and without chronic disease. Participants  often for specific nutrients, and used nutrition
NHANES were classified into 5 disease categories: information on food labels more often than did
survey hypertension, hypercholesterolemia, participants without such diseases.
diabetes/at risk of diabetes, overweight,e  However, label behavior use was inconsistently
and heart disease. Data were collected associated with dietary guideline compliance.
via 17 questions about awareness of Therefore, people with chronic disease general
federal nutrition information and food reported better nutrition awareness than those
label use. Two 24-h dietary recall without, but this did not translate into betterirgt
interviews also were given. behaviors.
Grimes et al, | Observational, | N=474 Survey Current labeling regulations in Australiae  88% of participants knew of the relation betweeg
2009° cross-sectional | subjects instrument to require food products to display the salt intake and high blood pressure.
surveyed in assess sodium content of the food per servingl «  65% of participants were unable to correctly
shopping consumers’ salt | and per 100 g within the nutrition identify the relation between salt and sodium.
centers within | knowledge information panel. Salt contentis not | «  69% reported reading the sodium content of foq
metropolitan provided (Sanz, 2007a) and many products when shopping. Sodium label use was
Melbourne, consumers may lack the knowledge to significantly related to shoppers’ concern about
Australia; 65% convert sodium into salt levels to the amount of salt in their diet and the beliet tha
were female; accurately interpret sodium information. their health could improve by lowering their salt
64% were the This study examined consumers’ ability intake.
family’s main to interpret nutrition information about | « <5094 of shoppers were unable to accurately us
shopper salt labeled on food products. labeled sodium information to select low-salt
Researchers approached passing options.
shoppers and invited them to take part|in
the study by completing a questionnaire.
Post et al, Observational, | N=3748 US 2005-2006 The purpose of this study was to assesé  Among patients with chronic disease, the odds
2010* cross-sectional | adults age 20+ whether patients with chronic disease reading food labels when told by their doctor or
y and with who were advised by a healthcare another healthcare professional to reduce calofies
chronic professional to change their diet read or weight was 50% higher than in those without
disease in the nutrition labels and did so more physician intervention (OR=1.50; 95% ClI, 1.12-
NHANES frequently than patients who have not 2.00).
survey been so advised and whether these | «  Those who read food labels consumed lower d
patients have a more healthful diet. Dgta  energy (2058 vs 2251 kc#&=0.006), saturated

were collected using both survey
questions and 24-h dietary recall data.

fat (26.8 vs 29.2 g?=0.04), carbohydrates (240
vs 267 gP=0.003), and sugars (105 vs 126 g;
P=0.001), and more fiber (16 vs 14.5R%0.01)
than those who did not.




Ollberding et | Observational, | N=4454 US 2005-2006 The purpose of this study was to e 61.6% of participants reported using the Nutrition
al, 201§’ cross-sectional | adults age 18+ describe the prevalence of food label yse Facts panel.
y in the and the association between food label «  51.6% looked at the list of ingredients, 47.2%
NHANES use and nutrient intake. Data on food looked at serving size, and 43.8% reviewed health
survey label use were collected during the claims at least sometimes when deciding to
interview portion of the survey and purchase a food product.
nutrient intake was estimated using 2 24-  There were significant differenceB<0.05) in
h food recalls. food label use across all demographic
characteristics examined.

*  When comparing food label users with nonusers
label users reported significant differences in
mean nutrient intake of total energyl64 kcal/d),
total fat 9 g/d), saturated fat-8 g/d),
cholesterol €29 mg/d), sodium-204 mg/d),
dietary fiber (+1.1 g/d), and sugarsl@ g/d)
(P<0.05 for each).

Vyth et al, Observational, | N=404 adult | Not reported Shoppers completed a validated *  62% of shoppers reported familiarity with the
2010 cross-sectional | shoppers in 9 questionnaire asking about different front-of-pack logo.

Dutch

motivations for food choice. These

Attention to “weight control” and “product

supermarkets motivations were related to their information” were the motivations for food choige
over 3 wk purchased products, which were that were positively associated with purchasing
recorded and scored for a front-of-pac products with the logo.
Choices logo after they had finished | «  The food choice motive “hedonism” was
shopping. negatively associated with purchasing products
with the logo.
Grunert et al, | Observational, | N=11,700 February In-store observations and in-store * Overall, 16.8% of shoppers looked for nutrition
20102 cross-sectional | shoppers at 2008-February | interviews were conducted to evaluate information. The main sources looked at were the
major retailers | 2009 the use of nutrition information on food nutrition facts, GDA labels, and ingredients lists.
in the United labels and the understanding of GDA The main data sought were calories, fat, and
Kingdom front-of-pack nutrition labels. Shoppers sugar.
(n=2019), were also given questionnaires to «  Understanding of GDA labels was high in the
Sweden complete at home (N=6000; response United Kingdom, Sweden, and Germany, and
(n=1858), rate 50.3%). Use of labels was assessed  more limited in the other countries.
France in 6 product categories. Understanding «  |n regression analysis, country, interest in hegalth
(n=2337), of GDA front-of-pack nutrition labels eating, interest in nutrition knowledge, and socigl
Germany was assessed by tasks related to grade were associated with use and understanging.
(n=1963), conceptual understanding, substantial
Poland understanding, and health inferences.
(n=1800), and Demographics, nutrition knowledge, and
Hungary interest in healthy eating were measured

(n=1804)

as potential determinants.




Kristal et al, Observational, | N=336 men
20078 longitudinal and 502
cohort women

Baseline data
were collected
from October
1995 to May
1996. Follow-up
surveys were
conducted from
October 1997 to

This prospective population-based stu
examined the demographic and
psychosocial predictors of adopting
reduced-fat and high fruit and vegetab
consumption dietary patterns over 2 y.
Data came from the Washington State
Cancer Risk Behavior Survey, a rando
digit-dial survey of adults age 18+ y to

iy

D

m.

During the 2 y of follow-up, fat intake (% energy
decreased by2 percentage points and fruit and
vegetable intake increased by 0.17 servings pe
day P<0.001 each).

Changes were greater among women and pers
who were well educated.

Persons in the maintenance stage of change a
persons who believed there was a strong relati

~

r

ons

nd
DN

ary

on

May 1998. monitor attitudes and behavior related o petween diet and cancer made the largest dietz
cancer risk and prevention. changes.

» Use of food labels was strongly associated with
reduction of fat but not with increases in
consumption of fruits and vegetables.

I nterventional Studies of Consumer Behavior
Author, y Design Population Duration I ntervention/Evaluation Major Findings
Sacks et al, Quasi- Shoppers at a | 4 wk before vs 4| In 2006, the UK Food Standards Agency  Sales of ready meals increased by 2.4% in the
2009% experimental major UK wk after recommended that UK food retailers ahd  wk after the traffic-light labels were introduced.
comparison retailer introduction of | manufacturers place front-of-pack traffice  Sales of the selected sandwiches did not chang
(pre- vs thought to be | front-of-pack light labels on products in a range of significantly.
postintervention) representative | labeling in 2006 | categories. The format consisted of 4 | «  For both types of foods, there was no associati
of the UK separate color-coded lights indicating between label coding for healthfulness and
population amount of fat, saturated fat, sugar, ang changes in product sales.
salt. Red indicated a high level; amber
medium level; and green, low level. This
study aimed to examine the impact of
labeling on food sales in a major UK
supermarket. Products were analyzed |in
2 major categories: chilled prepackaged
“ready meals” and fresh prepackaged
“sandwiches.” Data were collected as
percent change in sales before vs afte
the traffic-light labels were introduced.
Product promotions, life cycle, and
seasonality were taken into account.
Sutherland et | Quasi- Supermarket | 2y The Guiding Stars Nutrition Navigation «  Significant changes were seen in food purchas
al, 2016 experimental shoppers in Purchasing data| Program was implemented in September immediately after implementation of the progra
comparison Maine, New obtained from 2006. The program was driven by an and 1 and 2 y later.
(pre- vs Hampshire, 2006 to 2008 algorithm that generates weighted scofes  Evaluating the same 8-mo period
postintervention) Vermont, from a based on points debited fwans fat, (JanuaryAugust) each year, in 2006, 24.5% of
Massachusetts, northeastern saturated fat, cholesterol, sodium, and items purchased earned a star rating; this
and northern | supermarket added sugars and credited for vitamins proportion increased to 25.0%<0.001) and
New York chain with 168 | and minerals, fiber, and whole grains. |f 25.9% P<0.0001) at the 1- and 2-y follow-up
stores a product met inclusion criteria for periods, respectively.
earning 1, 2, or 3 stars, the star icons

3




were displayed at the point of purchaseg «
on the UPC shelf tag. Purchasing datal
were examined before implementation
and at 1- and 2-y follow-up periods.

Evaluating a 4-wk period 1 y after program
implementation, consumers purchased
significantly more ready-to-eat cereals with star
(eg, less added sugars and more dietary fiber)
fewer no-star, high-sugar, low-fiber cereals.

and

ne

a

cts.

Borgmeier and| RCT, short-term| N=420 adults | 1-time exposure| This study investigated which food labelTask |
Westenhoefer,| (1 session) living in to 5 different format enables consumers to best » Compared with no label, subjects could best
2009 Hamburg, experimental differentiate healthier products from less  identify the healthier food in pairwise
Germany conditions healthy ones and the impact of these comparisons with use of the traffic-light label,
food labels on planned food choices and  followed by either of the GDA labels and then t
diet quality. Five labels were evaluateq: tick label (P<0.001 across comparisons).
(1) a simple “healthy choice” tick, (2) al «  Compared with no label, subjects’ selections of
multiple traffic-light label, (3) a 1-d menu did not vary significantly according to|
monochrome GDA label, (4) a color any of the types of labels in terms of energy or
GDA label, and (5) no label. Data were nutrients.
collected on whether the labels
influenced (1) subjects’ ability to
identify the healthier food item in 28
pairwise comparisons of foods from
different food groups and (2) subjects’
choice of foods from a range of different
foods to compose a theoretical 1-d
consumption.
Temple et al, | RCT, short-term| N=47 (24 1 lunch session Participants visited the lab feedsion | Subjects assigned to nutrition label groups consum
2010 (1 meal) male, 23 lasting=1 h. Participants were randomlyless energyR<0.05):
female) adults assigned to 1 of 2 video groups * Women in the label group consumed 500 kcal
age 18-50 y (nutrition labeling education vs control 700 kcal for those in the no-label group.
recruited from [organic food movement]) and 1 of 2 | «  Men in the label group consumed 600 kcal vs
flyers posted labeling conditions (labels vs no labels). 1000 kcal for those in the no-label group.
around the Participants watched a short educatiorfad  The educational video had no independent effe
University of video and then ate a buffet lunch.
Buffalo
Fiske and RCT (4 wk) 10 vending » Assessed items 2-wk baseline assessment, 4-wk » The mean numbers of low-fat snacks sold were 2
Cullen, machines in sold intervention 2.6, and 3.2 in the control, intervention |, and
2004% teachers’ » Assessed » Each vending machine had 28 snack intervention Il groups, respectively, but these
lounges in dollar sales for| items and 5 choices of gum. differences did not achieve statistical significanc
Texas items * Low-fat items were promoted by (P=0.08).
elementary e Total machine| means of - A significant difference in total machine revenue
and middle revenue —No intervention (control, 2 was not seen with either intervention.
schools

machines)
—Increased availability plus labels
(intervention I, 4 machines).
—Increased availability plus labels plus
signs (intervention Il, 4 machines).




n

Vyth et al, RCT (3 wk) N=25 worksite| « Sales data werge Intervention cafeterias: Choices * No significant intervention effects were found in
2011° cafeterias (13 | collected daily | nutrition logo added to foods sales of sandwiches, soups, snacks, fruit, or salad
intervention, pre- and « Control cafeterias: same menu without Self-reported “intention to eat healthier” and “pay
12 control) in postintervention the logo attention to product information” were positively
the for 9 wk, from associated with self-reported consumption of food
Netherlands March to May with the Choices logo at lunch.
2009
» Employees
(N=368) from
1 intervention
and 1 control
worksite
completed
guestionnaires
pre- and
postinterventio
n.
Combined I nterventions
Frenchetal, | RCT 55 vending ly Changing Individuals’ Purchase of « Labels alone had no effect on sales.
2001 machines in 12 Snacks (CHIPS) study « Promotional signage was associated with a very
secondary « 55 vending machines were used, small increase in low-fat snack sales.
schools and 12 including placement of low-fat snacks « Price reductions of 10%, 25%, and 50% on low-fatt
worksites in in 2 designated rows of the machine.| snacks were associated with significant increases
Minnesota » Effects of price and labeling on sales| low-fat snack sales. Low-fat snack sales increased
were evaluated during a 1-y 9%, 39%, and 93% respectively.
intervention.
« Labeling conditions: none, low-fat
label, low-fat label plus promotional
sign
« Pricing conditions: equal price, 10%
reduction, 25% reduction, 50%
reduction
Lowe et al, Quasi- N=96 hospital | Worksite Group 1: environmental changes in the « Comparing before vs after intervention in both
201012 experimental employees cafeteria cafeteria, including addition of selected groups, total lunchtime calories and percent energy
(pre- vs purchases at healthier options along with food from fat decreased={0 kcal and 5% energy less,

postintervention)

lunch assessed
by scanned food
purchasing
cards,
comparing the
period 3 mo
before vs after
interventions

labeling (calories, energy density,
macronutrients) for all foods sold durin
lunch

Group 2: environmental changes in the
cafeteria plus pricing incentives and 4
h group sessions of nutrition education
on strategies for decreasing energy

respectively<0.01 each).
Je There were no differences between the 2 interventi
groups, ie, the addition of pricing incentives and
nutrition education did not appear to have any

1- additional impact. However, the sample size was
small and may have not been adequately powered
after attrition of subjects.

=,
o

density of the diet

Thorndike et

al, 20113

Quasi-
experimental

Large hospital

cafeteria in

Electronically
recorded food

simple color codes (red, yellow, green

Foods and beverages were labeled wiJh- After 3 mo, sales of “red” products decreased by

9.2%, including 23.1% lower sales of sugar-




(pre- vs Boston, sales in the 3 ma based on USDA food pyramid sweetened beverages. Sales of “green” products
postintervention) Massachusetts|, before vs after | guidelines in the intervention cafeteria| increased by 4.5%°0.001 each).
plus 2 smaller | the labeling No changes were made in the  Total sales did not change.
comparison change comparison cafeterias. + No changes were seen in sales of these different
cafeterias in foods at the 2 comparison cafeterias.
the same
hospital

CSFIl indicates Continuing Survey of Food Intakgdrimlividuals; DHKS, Diet and Health Knowledge Seyy NHANES, National Health and Nutrition ExamimattiSurvey;
OR, odds ratio; Cl, confidence interval, GDA, guide daily amount; UPC, universal product code; RQIT, randomized controlled trial.

Note: Reference numbers (eg, Neuhouser et al,*)a@8pearing in this supplementary table correspuittithose listed in the reference section of tlagesnent. For the
purposes of this supplementary table, these methsas or systematic reviews (see "Author, y" caluare considered the primary citation. Additiosidies mentioned in the
primary citation may be included in the "IntervemiExposure" and "Findings" columns. The additi@iatlies can be accessed through the primaryaritati



Supplementary Table 4. Menu and Other Point-of-Sale | nformation on Calories and Nutrients

Author, y Study Type Population I nter vention/Evaluation Findings

Seymour et al | Review of A total of 38 Point-of-purchase information on foods or beverdges | « Many interventions were not thoroughly evaluate

2004 interventional intervention worksites, universities, grocery stores, and restag or lacked important evaluation information, and
studies to studies in adult direct comparison of studies across settings was
improve diet by | populations, possible.
changes in food | published e The authors concluded that worksite and universjty
availability, between 1970 interventions (ie, “limited access” sites in whielw
access, pricing, | and June 2003 other choices were available) had the greatest
or point-of- potential for success. Interventions in groceryesto
_purchasga _ appeared least effective.
mformaﬂon in  Sustainability of diet changes was not addressed
worksites, these studies.
universities,

grocery stores,
and restaurants

o

in

Bassett et al,
2008

Observational,
cross-sectional

N=7318
customers from
275 randomly
selected
restaurants in 11
fast-food chains

The authors randomly sampled a total of 300 chain
restaurants from1625 eligible locations from March to
June 2007. Receipts of consenting customers were
collected after their purchase, along with othdfr se
reported information about the purchase. Caloriesew
identified from an electronic database.

» The mean fast-food purchase contained 827 calorjies,
and 34% of respondents purchased foods containing
>1000 calories.
One chain (Subway) posted point-of-purchase calprie
information. In comparison with the other 10 chains
Subway customers were more likely to report seeing

nea

in New York calorie information (4% vs 3299<0.001).

City » Among Subway customers, those who reported
seeing calorie information purchased 52 fewer
calories than did other Subway custom&s(.01).

Yamamoto et | Quasi- N=106 Participants were shown menus with and without  Of the 106 subjects, 75 subjects chose the samke
al, 20058"° experimental adolescents, age| calorie/fat information from McDonald’s, Denny’sych after the revelation of calorie/fat information.
comparison (pre4 11-18 y, studentg Panda Express. First, they were shown the regutaum | « Significant declines were shown in calories andrfat
Vs enrolled in band,| and then they were asked to select a dinner itam an meals ordered at McDonald’B£0.002,P=0.001)
postintervention)| orchestra, or estimate their calorie/fat consumption. Next, theye and Panda ExpresB<£0.005,P=0.004), but these
tennis shown the menus with calorie and fat informatiod an changes occurred in <20% of the study subjects.
asked again to select a dinner item and estimate « Significant differences were not shown in meals
consumption. ordered at Denny’s.
Chu et al, Quasi- Students This study sought to determine whether the dispfay | « The average energy content of entrées sold dectgase
2009 experimental purchasing food | nutrition information at the point of selection falt 12.4 kcal from the last day of pretreatment tofitst

evaluation (pre-
VS
postintervention)

at the study
dining center at
Ohio State
University in
2004

entrées available in a university dining hall woalter
patrons’ meal selection. A quasi-experimental desigs
used to test the hypotheses that (1) average energy
content of entrées sold per day decreases wheitigrutr
labels are present at point of selection, (2) estwith
the highest energy content have the greatest deciea
sales, and (3) this change can occur without aggthe

day of the treatment perio®£0.007). A negative
slope, small in magnitude, was observed during the
treatment period-Q.3 kcal/d). At the beginning of

the posttreatment period, the daily average energ
content immediately began to increase. Across the
posttreatment period, the daily average energy
content increased at a rate of 1.5 kcald@.01).

v




impact on overall sales. Nutrition information wassted
for 14 d, with sales tracked immediately beforeajruy
and after the intervention.

 The sale of the entrées with the highest energy
content significantly decreased during the treatme
period compared with the pretreatment period
(P=0.007).

 The difference in total sales between the study
periods was not significant and revenue remained
consistent.

=]

o =

)

2d.

the

Elbel et al, Quasi- N=1156 receipts| Receipts were collected from willing customers at * Postlabeling, 54% of participants in New York City
2009?° experimental from customers | McDonald’s, Burger King, Wendy’s, and KFC in New reported noticing calorie information.
comparison (pre- in fast-food York City (14 stores) and control stores in Newgrk « Participants in New York City purchased a mean (
VS restaurants in stores). A set of questions was also given to gipgtnts 825 calories (95% Cl, 779-870) before labeling an
postintervention)| low-income, to collect age, sex, race, education, whether foasl for 846 calories (95% ClI, 758-889) after labeling.
minority dining in or to go, whether calorie information was « Participants in Newark purchased a mean of 823
communities in | posted, whether calorie information influencedthei calories (95% CI, 802-890) before labeling and 82
New York City | choice, and whether calorie information caused ttem | calories (95% ClI, 746-906) after labeling.
and Newark purchase fewer or more calories. « Overall, no change in calories chosen was detectg
(control) before
and after
institution of
menu labeling in
New York City
Dumanovsky | Quasi- N=2417 Consumer awareness of menu calorie information was « The percentage of customers who reported seein
et al, 2016™ experimental customers from | evaluated in separate cross-sectional survey®ii tho calorie information rose from 38% pre- to 72%
comparison (pre4{ 45 fast-food before and 3 mo after enforcement of a city hezdile postenforcemenf<0.001).
VS restaurants requiring fast-food chains to display food-itemaréds on| « Among customers who reported seeing calorie
postintervention)| representing the | menus/menu boards. Customers reported whether they information postenforcement, 27% reported using
15 largest fast- | had seen calorie information and, if so, whetheead information, a 2-fold increase in the overall
food chainsin | affected their purchase. Data were weighted to the proportion of customers making calorie-informed
New York City number of city locations for each chain. choices (10% vs 2092<.001).
Pulos and Quasi- 6 full-service Restaurants added nutrition information including * 71% of consumers (95% CI, 65-77) reported noticj

Leng, 20168

experimental
comparison (pre-
VS

postintervention)

restaurants in
Pierce County,
Washington state

calories, fat, sodium, and carbohydrates to theinus for
all regular items, excluding beverages and daigcids.
Data on entrée sales were provided for 30 d befode30
d after the information was added.

the nutrition information.

* Postlabeling, enées sold contained an average of
fewer calories, 1.5 g less fat, and 45 fewer
milligrams of sodium.

» The most frequent change after viewing nutrition
information was choosing an entrée containing lov
calories (20.4%, 95% Cl, 15.2, 25.6) and lower fat
(16.5%, 95% ClI, 11.6, 21.4).

ing

ver

Harnack and
French, 200&

RCT, short-term
(1 meal)

N=594
adolescents (>16
y) and adults in
the
Minneapolis/St
Paul
metropolitan

area who

Two hotel conference rooms and 1 church basemenat
set up as dining rooms where meals were consuroad f
4:50 to 7:30PMm. Participants were shown 1 of the
following 4 menus:

Control menu: No calories; value pricing is in
accordance with McDonald’s pricing.

Price menu: No calories; value pricing was removed.

ve No significant differences were found in the avera
r number of calories consumed by the 4 groups
(P=0.25).

» Taste was rated as a very important/most importa
aspect by 97.6% of participants for buying fastdfoq
and 98.5% of participants for buying groceries.

* Nutrition was rated as a very important/most

Price was standardized per ounce.

important aspect by 58.2% of participants for bgyi

-




regularly (once
or more per

week) eat at fast
food restaurants

Calorie menu: Calories were added to the valuespric
menu. The background of the calorie column washibrig
yellow to draw attention to it. The average caloweds
for adults were also shown in the calories count bo
Calorie plus price menu: Calories were added #san
calorie menu, value pricing was removed, and prias
standardized per ounce as in the price menu.

fast food and 83.5% of participants for buying
groceries.

» 54% of participants in the calorie menu group and
59% in the calorie plus price menu group reported
noticing calorie information on their menu.

» However, providing calorie information at point of
purchase had little effect on food selection or
consumption.

Engbers et al,
20061%
20075

Nonrandomized
controlled trial (1

y)

N=515 office
workers at 2
government
worksites

Intervention worksite: Product information sheetsev
available near cafeteria foods, including caloa&es in
terms of exercise. Every 4 wk, 1 of 6 food groupsw
highlighted. Leaflets were available in the cantedth
information on healthy food, blood pressure, and
cholesterol.

Control worksite: No treatment. Brief dietary
questionnaire given at 3 and 12 mo.

Atly:
* No significant effects on consumption of fruits,
vegetables, or dietary fat

Cl indicates confidence interval.

Note: Reference numbers (eg, Seymour et al, 2@appearing in this supplementary table correspuittithose listed in the reference section of tiaéesnent. For the purposes
of this supplementary table, these meta-analyssgstematic reviews (see "Author, y" column) arasidered the primary citation. Additional studiesntioned in the primary
citation may be included in the "Intervention/Expas’ and "Findings" columns. The additional studias be accessed through the primary citation.



Supplementary Table 5. Labeling and Consumer Information on Smoking: Package Warnings and L abeling

Author, y Design Population I ntervention/Evaluation Evidence and Results
Millar, 1996™ | Observational, | Adults age>20 | Differences in rates of smoking were | « Smaller proportions of smokers with lower educatiecalled
cross-sectional | y in selected examined by educational attainment gnd printed warnings about heart disease on cigarettkages.
health surveys | other self-reported characteristics. « All smokers cited the mass media as their majorcsoaf
conducted information about smoking, but those with lower eation
between 1977 levels reported mass media less often than did ersakith
and 1994 higher education levels and were less likely tabt
information from books, pamphlets, or magazines.
» Smokers with lower education levels reported entarinmg
fewer smoking restrictions in their daily activiiéhan did
those with higher education levels.
Borland and | Observational, Following the introduction of new » To be effective, health warnings need to be notared
Hill, 1997** | cross-sectional health warnings and content labeling on  persuasive and need to provide guidance for apiatepr
cigarettes and other tobacco products/in action.
Australia in 1995, surveys were « To be noticed, health warnings need to stand out the
conducted to evaluate whether these surrounding pack design and need to be large ertouigh
changes increased the noticeability of read easily.
the warnings and contributed to an | « To be persuasive, warnings need to be understetidybd,
increase in relevant knowledge. and judged personally relevant by the reader.
Crawford et al,| Observational, | N=785 The 13-site TCN, sponsored by the | « Teenagers were generally familiar with laws andswbout

20023

cross-sectional

teenagers of
white and other
races/ethnicities
primarily
smokers, from
rural, urban, and
suburban
locations across
the United
States

CDC, conducted 129 focus groups thg
were homogeneous for sex and
ethnicity to explore adolescents'
response to current and potential
tobacco control policy issues.

it

access and possession for minors but believed them
ineffective.

They found a list of chemical names of cigarettgédients
largely meaningless but believed that disclosing) an
publicizing their common uses could be an effectigterrent,
especially for those who were not yet smoking.

They were aware of current warning labels but abersid
them uninformative and irrelevant.

They were knowledgeable about prices and repohiztdat
sharp, sudden (and large) increase could lead thel®crease
their smoking patterns; however, a moderate inergasild
most likely result in unintended negative consegasi{eg,
stocking up and selling cigarettes at a profit;ibgyblack-
market cigarettes; working at a store that sefjareittes;
stealing cigarettes from stores or family membanst using
other forms of tobacco or other substances, sudicatne
replacement products, alcohol, or marijuana).

Guttman and
Peleg, 2008’

Observational,
cross-sectional

N=1000 adults,
and N=200

adult smokers in
Israel

The Israel Ministry of Health surveyed
1000 adults by telephone and 200

smokers in face-to-face interviews to
guide its decisions about how warning
should be attributed and how to count|

There was little effect from unattributed warnings.
Smokers, when presented with actual warnings, thtale
favor those attributed to “medical studies.”
Nonsmokers were somewhat more likely to prefer was
attributed to the Ministry of Health, explainingathit is




tobacco lobby opposition.

“responsible for the topic” or “has the authority.”

Health Canada
2005a; Health

Observational,
cross-sectional

Canadian
surveys

National surveys conducted on behalf
of Health Canada

=95% of youth smokers and 75% of adult smokers tegor
that pictorial warnings on cigarette packs haventeftective

Canada 2005b in providing important health information.
Willemsen, Observational, | N=3937 Dutch | The Dutch Continuous Survey of » 32% said they preferred to purchase a pack witthmuhew
2005 cross-sectional | adult smokers | Smoking Habits examined the self- warning labels.

perceived impact of new health
warnings on the attractiveness of

cigarettes, smokers’ motivations to qui

and smoking behavior.

18% reported that warning labels increased thetivation to
quit.

14% became less inclined to purchase cigarettesibe®f
the new warning labels

10% said they smoked less.

Those who intended to quit within 6 mo were 5-6etinas
likely to report smoking less due to the warningrtthose
who did not plan to quit.

A strong dose-response relation was observed batthese
effects and intention to quit.

Hammond et
al, 2008

Observational,
cross-sectional

N=9058 adult
smokers from
the ITC-4,
including
nationally
representative
surveys in the
United States,
United
Kingdom,
Canada, and
Australia

A telephone survey was conducted to
examine variations in smokers'
knowledge about tobacco risks and th
impact of package warnings.
Respondents were asked to state
whether they believed smoking cause
heart disease, stroke, impotence, lung
cancer in smokers, and lung cancer in
nonsmokers. Respondents were also
asked whether the following chemical
are found in cigarette smoke: cyanide
arsenic, and carbon monoxide.

Smokers in the 4 countries exhibited significamigem their
knowledge of the risks of smoking.

Smokers who noticed the warnings were significanttyre
likely to endorse health risks, including lung canand heart
disease.

In each instance where labeling policies differetieen
countries, smokers living in countries with goveenn
mandated warnings reported greater health knowldetye
example, in Canada, where package warnings include
information about the risks of impotence, smokeesei?.68
(2.41-2.97) times more likely to agree that smoliagses
impotence compared with smokers from the otherudtrces.
Similarly, respondents living in countries with reor
comprehensive warnings were more likely to citekpges as
a source of health information. For example, 85% ahadian
respondents cited packages as a source of heftmation,
in contrast to only 47% of US smokers.

Fathelrahman

Observational,

N=1919 adult

This study examined whether differen

The responses “more likely to quit because of theng

et al, 2004 cross-sectional | male smokers in responses among smokers toward labels” and “stopped from having a cigarette whigoua to
Malaysia cigarette pack warning labels could smoke one” significantly predicted all stages adrufpe and
predict quit intentions and self-efficacy  self-efficacy independent of the other measures.
in quitting. Face-to-face interviews « In addition, thinking about the health risks anddiag the
were conducted using a standardized|  warnings more often added extra predictive capdmityonly
guestionnaire. in the early stages of contemplating change.
Pollay and Observational, | Trade sources | This study evaluated the development,« Several tactics were used by cigarette manufastuleading
Dewhirst retrospective and internal US | intent, and consequences of US tobag¢co consumers to perceive filtered and low machinedyiieands
20024 tobacco industry advertising for low machine as safer relative to other brands.




company yield (“light”) cigarettes. Data were « Tactics include using cosmetic (that is, ineffeeglifilters,

documents collected via analysis of trade sources  loosening filters over time, using medicinal menhthising
and internal US tobacco company high-tech imagery, using virtuous brand names and
documents now available on various descriptors, adding a virtuous variant to a brapdésuct
web sites created by corporations, line, and generating misleading data on tar ancotime
litigation, or public health bodies. yields.

» The ads were intended to reassure smokers concaboed
the health risks of smoking and to present theeetsge
products as an alternative to quitting.

» Such promotional efforts were successful in getsimgpkers
to adopt filtered and low-yield cigarette brands.

Hammond et | Observational, | N=616 adult The impact of graphic Canadian  Participants reported negative emotional respoiuste
al, 2004%° longitudinal smokers in cigarette warning labels was assessed  warnings, including fear (44%) and disgust (58%).
Canada using a longitudinal telephone survey. « Smokers who reported greater negative emotion mere
likely to have quit, tried to quit, or reduced thenoking 3
mo later (OR=1.37; 95% ClI, 1.15, 1.64).

¢ Participants who tried to avoid the warnings (30%éJe no
less likely to think about the warnings or engagedssation
behavior at follow-up.

Portillo and Quasi- N=435 students| A questionnaire was administered bothe Perceptions changed significantly after exposuttdo
Antonanzas, | experimental at the University| before and after students were presented content and type of information presented on the ne
200243 comparison of La Rioja, with a demonstration of the health packaging. In general, students attributed a higkatth risk
(pre- vs Spain warnings on cigarette packets based on to smoking after the presentation.
postintervention) the new European Union directive.
Students were surveyed on their
perceptions of the principal health risks
attributable to the consumption of
tobacco, ie, lung cancer, respiratory
diseases, and CVD.
Hammond et | Quasi- N=14,975 adult | The current study examined the « Large, comprehensive warnings on cigarette packages
al, 2007* experimental smokers from | effectiveness of health warnings on more likely to be noticed and rated as effectivesimpkers.
comparison the ITC-4, cigarette packages in 4 countries. « Changes in health warnings are also associatednuitbased
(pre- vs including Telephone surveys were conducted il effectiveness.
postintervention | nationally representative cohorts of adult smokefs Health warnings on US packages, which were lasatgutin
representative | between 2002 and 2005, before and at 3 1984, were associated with the least effectiveness.
surveys in the | time points after implementation of new
United States, | package warnings in the United
United Kingdom.
Kingdom,
Canada, and
Australia
Loken and RCT, short-term| 115 college This study evaluated factors that coultl « Ads were rated as more attractive, more persuashgemore
Howard- (1 session) women, influence subjects’ reactions to print ads credible when they showed an attractive model thiagn
Pitney, 1988% including for cigarettes. Subjects were shown they did not.
smokers and | cigarette ads that varied in 2 « Compared with general warnings, specific warningsds
nonsmokers dimensions: showing or not showing an acted as a counterinfluence to their appeal, makiegds




attractive model and showing a general appear less attractive and less persuasive.
or specific warning label. Subjects were
evaluated on each ad, with ratings
combined into 3 dimensions: (1)
attractiveness (good-bad, clever-stupi
well designeénot well designed,
attractive-unattractive), (2)
persuasiveness (persuasive-
unpersuasive, makes rooes not make
me want to buy the product), and (3)
credibility (informative-uninformative,
honest-dishonest).

Malouff et al, | RCT, short-term The readability of label warnings was | « Literacy levels of the warning labels affected threadability
1992 (1 session) assessed with 3 standard tests. The tests

focused on length of sentences, average

number of syllables per word, and
unfamiliarity of the words.

TCN indicates Tobacco Control Network; CDC, CenferdDisease Control and Prevention; ITC4, Inteéoral Tobacco Control Four-Country Survey; OR, odat®; Cl,
confidence interval; CVD, cardiovascular diseaset BCT, randomized controlled trial.

[®N

Note: Reference numbers (eg, Seymour et al, 28 Gppearing in this supplementary table correspuititithose listed in the reference section of tlagesnent. For the purposes
of this supplementary table, these meta-analyssgstematic reviews (see "Author, y" column) arasidered the primary citation. Additional studiesntioned in the primary
citation may be included in the "Intervention/Expas’ and "Findings" columns. The additional studias be accessed through the primary citation.



Supplementary Table 6. School-Based Approachesto | mproving Diet and Physical Activity

Interventions Tar geting Both Diet and Physical Activity

Author, Study Population | Outcomes Duration Intervention/Exposu | Findings

y Type re

Brown Systematic | RCTs Effects of diet and| Interventio | Among 38 identified | Diet plus physical activity intervention vs contf@D trials):

and review of evaluating | physical activity | ns of at trials of school-based « Of 20 studies, 9 studies showed significant impnosets in BMI

Summerb| RCTs school interventions on | least 12 lifestyle interventions zscore.

ell, children, BMI wk that focused on * In a 6-mo intervention in 5 Chilean primary schoalprogram

2009%° age improving diet and/or|  of active recess, parental involvement, healthképand
kindergarte | Only studies physical activity activities led to maintained BMI among boys in ihiervention
nthrough | reporting a weight behaviors to reduce group, whereas boys in the control group had irseeé8MI.
18y,and | outcome were BMI, 20 trials + In 10 US schools, the Planet Health program focosedietary
published | reviewed. focused on both diet|  change plus reduction of sedentary behaviors, &€V
by and physical activity.|  time, in 12-y-olds. The intervention reduced prevak of
September obesity (OR=0.47; 95% ClI, 0.24-0.93) and increasmesity
2007 remission (OR=2.16; 95% CI, 1.07-4.35) over 2 y.

« In Crete, a Know Your Body program to improve caxdiscular
health demonstrated long-term improvements in B skin-
fold measurements, including reduction in BMI of @g/nf at 3
y (P<0.001), and 3.7 kg/frat 6 y P<0.05).

* An intervention among 8-y-old children in the UnitStates led
to reduced weight gain at 2 y. The lowering of BMicore by
the intervention was seen in normal-weigt.@9; 95% ClI,
—-0.38,-0.21), not overweight-0.02, 95% CI;-0.16, 0.12)
children.

* A 12-wk New York public school intervention in 14eyds to
reduce diabetes risk showed improved BMI and peroedy fat.

e The Wellness, Academics and You (WAY) program+i®-y-
olds showed a reduction in risk of becoming oveghtin the
children in the intervention group.

WHO, Review of | School-age | Diet and/or Variable Multiple school- - Effective interventions for diet and/or physicatiaty are
2009 RCTs children physical activity based interventions comprehensive and multicomponent and include

reviewed from 107
peer-reviewed
articles on 55
interventions, mostly
from North America

- Curriculum on diet and/or physical activity taudlyt
trained teachers

- Supportive school environment/policies

- Parental/family component

- Physical activity program

- Healthy food options in school cafeterias, vending
machines, etc

* There is also evidence for moderate additionakéffeness of
the following:

- A focused approach with other supportive activitrethe




curriculum
- A formative assessment that addresses the ne¢lls of
school and cultural contexts

Jiang et | Nonrandom| N=2425 Prevalence of 3y (dates | Intervention schools:| « After 3y, prevalence of overweight and obesityrdased in
al, ized childrenin | overweight and not Nutrition education intervention schools and increased in control skshoo
2007% | controlled | 5 primary | obesity reported) | was aimed at both | « Compared with controls, intervention schools haaieer
trial schools in children and parents prevalence of overweight (9.8 vs 14.4P%0.01) and obesity (7.
Beijing, and included regular vs 13.3%;P<0.01).
China talks and printed « Dietary intake, physical activity, and other obesity-relatelblviors
materials on diet, were not assessed.
physical activity, and
sedentary behaviors.
Overweight obese,
and nonfit children
were also asked to rur
for 20 min per day
after class, monitored
by PE teachers.
Control schools: no
intervention
Hoelscher| Nonrandom| 30 low- Serial cross- Spring CATCH BP Comparison of CATCH BP + Community with CATCH BRag¢:
et al, ized income sectional 2007-sprin | (control):  Diet: Percentage of students eating breakfast aser and
201072 controlled | primary evaluations of g 2008 Multicomponent consumption of unhealthy foods decreaded(.05 each); a trenc
trial schools in | =1000 4th grade school intervention toward greater consumption of fruits and vegetahies also see
central students each for diet and physical (P=0.07).
Texas, year, including activity, including « Physical activity: No significant differences wesen.
~60% BMI, self-reported altering the school | « Sedentary activity: less time at the compuRss@.003) and
Hispanic diet, and physical environment in the trends toward less time watching TR0.10).
activity using the classroom, cafeteria,| « prevalence of overweight/obesity decreased by dr@eptage
SPAN and PE curriculum, points in CATCH BP schools vs 8.3 percentage poinGATCH
questionnaire with additional BP + Community schoold®£0.05). Similar declines were seen
family/home boys, girls, Hispanics, and non-Hispanics.
components
CATCH BP +
Community: The
above plus additional
intensive community
involvement based o
principles of
community-based
participatory researcl]
Marcus et| RCT N=3135 « Physical activity | 4 school Intervention schools:| « At baseline, the prevalence of overweight plus itpegs higher
al, children, assessed by years, STOPR] Vegetables, in intervention vs control schools (20.3% vs 16.1P#evalence
2009%° grades 1-4, | accelerometer | August low-fat dairy decreased in intervention schools (to 17.1%) aodkased in
in 10 * BMI zscore 2001-June | products, and whole control schools (to 18.9%IP€0.05 for comparison of changes).
schools in | « prevalence of 2005 grains were  Differences in changes in mean BEki$cores were not

in



Stockholm, overweight and introduced and significant.

Sweden obesity promoted; sweets anfle There was a nonsignificant trend toward higher iaysctivity
sweetened drinks assessed by accelerometer in intervention vs desthools
were eliminated. (P=0.10).

Physical activity was | « Eating habits at home were healthier in intervemtis control
increased by 30 min schools.
per day during
school; sedentary
behavior during
afterschool programs|
was reduced.
Hollar et | Nonrandom| N=2494 * Systolic and August Multicomponent: After 2 academic years:
al, ized children age| diastolic BP 2004-June | 4 nonrandomly « Systolic BP was lower than baseline in intervensohools €1
2010*" | controlled | 6-13yin5 | « BMI percentiles | 2006 selected intervention mm Hg lower in boys and1.5 mm Hg lower in girls), whereas
trial elementary | and weight schools (N=2029 no changes were seen in control schools, but ttiéseences
schools in students) received a were not statistically significanP€0.30 for boysP=0.15 for

Osceola multicomponent girls).

County, intervention « Changes in diastolic BP were also not differertidys

central including 16-15-min (P=0.79).

Florida physical activity +  Girls in the intervention schools had a significdetline in
breaks during diastolic BP £1.8 mm Hg lower) compared with controls
academic lessons, (P=0.04).
changes in school | . comparing intervention vs control schools, BMicores and
m.eals to m%etrUS weightz scores decreased significantly for giH9.03 vs 0.0,
glffr;yeﬁgalmi w;z P=0.003 and —0.05 vs0.03,P=0.01, respectively) but not for
changes in school boys P=0.86 andP,=0.59).
curriculum to teach
children, parents, ang
teachers about good
nutrition and the
benefits of physical
activity.

Control schools: no

intervention
Fosteret | RCT N=4603 BMI, waist Fall 2006 | “HEALTHY” Comparison of intervention vs control schools atend of follow-
al, students in | circumference, (start of schools: up:
201G6°° 42 US fasting glucose, | 6th grade) | Multicomponent « Declines in prevalence of overweight and obesitydth groups
Jago et al, middle fasting insulin -spring intervention targetingl  of =4 percentage points (OR=0.99; 95% ClI, 0.82, 1P£®).92)
2017 schools at 7 _ 2009 (end | diet, physical activity, « Greater declines in BMi score £0.05 vs-0.01,P=0.04) and

US sites, | Metabolic of 8th and behavioral waist circumference >90th percentite8(1 vs—5.9%,P=0.04

with syndrome risk grade) knowledge/skills. « Smaller increases in fasting insulin (+3.8 vs £80.04)

SChQOIS factors, fitness _Change_s were made, No significant difference in fasting glucose

having at assessed by 20-m In quantity and < No significant differences in prevalence of metabsyndrome,

least 50% | shuttle run, and quality of foods and although low numbers (only 5% at baseline)

of children | self-reported drinks in cafeterias,

« No significant differences in objective fitnessself-reported




eligible for

moderate to

vending machines, a

moderate to vigorous physical activity

federally vigorous physical la carte options,
subsidized | activity shack bars, school
meals or at stores, fundraisers,
least 50% and classroom
black or parties. PE
Hispanic curriculum was
revised to increase
time in moderate to
vigorous physical
activity. Education
included self-
monitoring and goal
setting, plus peer
involvement,
communication
strategies, and social
marketing.
Control schools: no
intervention
Rosenkra | RCT N=76 girls BMI z score October Intervention: Social Most effects were not significantly different frahe control
nz et al, age 9-13y Physical 2007Nov | cognitive theory troops, including child BME score, parent BMI, and most
201G°° in Girl activity ember interactive health behavioral variables.
Scout assessed by | 2008 curriculum during However, girls in the intervention troops did acciate less
troops accelerometry troop meetings, led sedentary activity§=0.01), more moderate physical activity
Intervention Self-reported by briefly trained (2 (P=0.004), and more moderate to vigorous physicaviagti
(N=3 intake of fruits h) troop leaders, (P<0.001) as assessed by accelerometry.
troops, 34 and vegetables targeting behaviors
girls) and sugar- (frequent family
Standard sweetened meals, parent/child
care beverages, physical activity, no
control: physical TV during meals,
(N=4 troop activity water over sugar-
s, 42 girls) Parental sweetened beverages,
survey of adding fruits and
(Included intake of fruits vegetables to meals,
due to and vegetables manners, and
similarity of and sugar- preparation/clean-up
this troop- sweetened of family meals), goa
based beverages, setting, activity
approach to family meals, (dancing, yoga, etc),
school- physical snack/recipe
based activity, and preparation, role-
approaches BMI of parent, playing, and take-

frequency of
eating while

home projects




watching TV,
family
cohesion, and
parenting style|

Interventions Tar geting Diet
Author, Study Population | Outcomes Duration Intervention/Exposu | Findings
y Type re
Robinson | Review of | Children Consumption of | Variable Garden interventions: Garden-based nutrition education programs led to
-O'Brien | RCTsand | age 5-15y | fruits and * In 3 of 4 studies, increased intake of fruit angatable intake
etal, quasi- vegetables, 11 studies of gardend * In 2 of 6 studies, increased preferences for fauiid vegetables
2009% | experimenta] preferences for based educational |+ In 2 of 3 studies, increased willingness to tasiésf and
| studies of fruits and programs (N=5 on vegetables (eg, spinach, carrots, peas, and bidgcol
garden- vegetables, and school grounds, N=3 kindergarteners and 1st graders).
based willingness to try after school, N=3 « In 4 of 6 studies, increased nutrition knowledgghsas ability
Intervention fruits and community) to identify food groups or recognize the healthddiés of fruits
S vegetables Half of the studies and vegetables.
included formal
control groups; half
used pre/post tests.
Assessment methods
included 24-h diet
recalls, workbooks,
surveys, interviews,
and focus groups.
Parmer et| RCT N=115in6 | « 16-question 28 wk School-based garden:e  Knowledge (food matching, nutrient matching, idécdition of
al, 2nd grade survey on fruits fruits and vegetables) increased in both intereengiroups
2009 classes, 3 and vegetables NE+G: 1 h of compared with controlR<0.001). Gains were20% greater in
groups, age| with nutrient- nutrition education the NE+G vs NE group but not statistically sigrafit.
7-8y food matching every other week; 1 h) »  Both intervention groups were more willing to tryifs and

and nutrient-job
matching

Fruits and
vegetables
preference
guestionnaire
with
identification of
fruits and
vegetables and
willingness to
taste fruits and
vegetables
Lunchroom
observation: pre;

/postintervention

of gardening classes
in the alternate
weeks, including
planting carrots,
broccoli, spinach, and
cabbage and
watering, weeding,
and managing pests
(with adult
supervision).
Students then
prepared a “Party
Confetti Salad” from
the produce they had
grown.

NE only: 1 h nutrition

vegetables and also rated fruits and vegetablbstser tasting
(P<0.001). Gains were50% greater in the NE+G vs NE grou
but not statistically significant.

The NE+G group was more willing to choose vegetahte
lunch than the control group waR<0.01). The NE group was
also more willing, but the effect was about halfaage and not
statistically significant.

The NE+G group ate more vegetables overall thacdnérol
group did. The NE group had no significant change.




education every othe
week
Control: no treatment

[

Somerset | Quasi- Intervention | « Identification of | 12 mo School-based garderj:«  Children developed a greater ability to identifyifs and
and experimenta| in 4th to 7th| fruits and (2 data * Part used as an vegetables, had enhanced confidence in preparattiboits and
Markwell | | study graders, age vegetables years) outdoor classroom vegetables, and had changes in perceived consumptio
, 2009% | (historical | 8-13y: 4th survey using 3- » Garden-based » Preference for whether vegetables taste good isedeia 4th
control) (N=25), 5th | point Likert teacher hired to graders from 36% to 74%, in 5th graders from 64%8&, and
(N=21), 6th | scale incorporate garden in 6th graders from 30% to 42%. In 7th gradersfguesnce
(N=34), and| « 38 questions activities into decreased from 36% to 31%.
7th (N=40) | « 1st: given 1 mo curriculum. « The proportion of children saying they liked to eagetables
before e Children had every day increased in 4th graders from 33% to 50%th
Historical intervention classes on graders from 47% to 65%; and in 6th graders frofb 26 35%.
controls: &' | , 2nd: given in composting, In 7th graders, the proportion decreased from 23%80%6.
(N=30), 5th |  supsequent propagation, « There was an increase in children saying yes whkedkif their
(N=37), 6th autumn planting, friends were eating “lots of vegetables”: in Sthadgrs from
(N=38), and harvesting, and 24% to 70%, 6th graders from 11% to 32%, and 7aldeyrs
7th (N=22) cooking. from 19% to 23%. (Results in 4th graders not regmbjt
» Weekly garden
activities were also
planned.
Day et al, | RCT (pilot) | Intervention| « KAP survey 12 wk Action Schools! « Servings of fruits increased at intervention sch@@k0.05).
2009 schools (5): | « 24-h recall « There were no effects on willingness to try nevitérand
N=246 * FFQ « School received vegetables.
» Food Choices classroom e Percentage of fruits and vegetables tried increfisea 78% to
Control Scale for activities/menu for 83% in intervention schools.
schools (5):|  children implementation
N=198  Teacher- * 1.5 h of training
_ recorded logs  Each teacher
Age: 4th received (Canada)
and 5th $12.50 per month
graders for fruit and
vegetable tasting
activities
Daviset | RCT Intervention| Anonymous Spring Fresh Fruit and e Only 1 in 5 students from both the intervention andtrol
al, school (1): | postintervention | 2006, fall | Vegetable Program: schools consumed >5 servings per day of fruitét finsices, or
2009 N=4800 surveys that and spring | During the 2006- vegetables.
assessed intake of 2006-2007 | 2007 school year, «  More intervention students consumed fruit/100% fluice at
Control fruits and baskets of fresh fruits least twice a day (39.3% vs 27.3P;0.05).
school (1): | vegetables and (apples, oranges, «  More intervention students consumed a total ofr5it f
N=3500 demographics, pears, plums, juices/vegetables per day (22% vs 18.480.05) and 1+ fruits
including N=2080 pineapple, and kiwi) day (59.1% vs 40.99%2<0.05).
Age: high | intervention and and vegetables « There were no differences in eating vegetables.
school, N=1610 control (carrots and celery

grades 9-12

students

with low-fat ranch




Restricted to thosg
with demographic
info (N=1515 and

dip) were given to
each homeroom
(N=180). Students
could select fruits ang

)

[0

N=1377) vegetables from the
baskets, and teachers
were encouraged to
discuss fruits and
vegetables in class.
Coyle et | Quasi- N=725, e Attitudes Pre- vs Fresh Fruit and * Results showed greater familiarity with fruits arejetables at
al, experimenta| including toward, postinterve| Vegetable Program all grade levelsR<0.05)
2009%° | I (pre-vs N=207 with familiarity, ntion A federally funded |« Increased preferences for fruit were observed artingnd
postinterven| 24-h diet and during the | initiative provided 10th grade student®€0.01).
tion) recalls, preferences | 2004-2005 | free fresh fruitand | «  8th graders also reported more positive attitudesitd eating
from a for fruits and | school vegetable snacks to fruits and vegetable$€0.01), increased perceived self-
sample of vegetables | year students. During the efficacy to eat more fruitR<0.01), and increased willingness
kindergarte | «  Consumption 2004-2005 school try new fruit.
n through of fruits and year, the Mississippi | «  student consumption of fruit in school and oveiratteased
12th grade vegetables Department of significantly, by 0.34 and 0.61 servings per dagpectively
students Education Child (P<0.01).
from5 Nutrition Programs |, |n_school vegetable intake decreased@.05), whereas overal
schools in initiated a pilot vegetable consumption did not change.
Mississippi program to distribute
free fruits and
vegetables to students
in kindergarten
through 12th grade
during the school
day.
Brown Systematic | RCTs Effects of diet and| Interventio | Diet policy Diet intervention vs control (3 trials):
and review of evaluating | physical activity | ns of at interventions and « Of 3 trials, 2 trials showed improvements in BiHcore.
Summerb| RCTs school interventions on | least 12 adiposity: « 2 UK schools (11-y-olds) tested a low-intensityrh@-
ell, children, BMI wk Among 38 identified intervention to reduce intake of sugar-sweetenegages. At
2009%° age Only studies trials of school-based 12 mo, the percentage of overweight/obese increiaste
kindergarte | reporting a weight lifestyle interventions control group and was unchanged in the interverdionip
nthrough | outcome were that focused on (mean absolute difference 7.7%; 95% Cl, 2.2%, 13.2%3 v,
18y,and | reviewed. improving diet and/or)  prevalence of overweight had increased in bothggpand
published physical activity between-group differences were no longer significan
by behaviors to reduce | « A school in Norway (15-y-olds) evaluated whethestaliy
September BMI, 3 trials focused | habits/school performance improved when participate
2007 on diet alone. breakfast. At 4 mo, BMI increased in the contralgy but not in
the intervention group in both boys and gif#s(.05).

« A school in Italy (12-y-olds) tested the efficadybmard games
in providing nutrition knowledge/promoting healttietary
behavior. There was no effect on Bkdcore at 24 wk.

Fosteret | RCT N=1349 Primary: 2y Diet policy » Significantly fewer children in the interventionmsols (7.5%)




al, students in | Incidences of interventions and than in the control schools (14.9%) became overwefier 2
200838 grades 4-6 | overweight and adiposity: y, a 50% reduction.
from 10 obesity « Prevalence of overweight was also lower in therimetion
schools (5 | Secondary: Schools were schools.
intervention | Prevalence and matched on school | ¢ No differences were observed in incidence or penag of
, 5 control) | remission of size and type of food obesity or in remission of overweight or obesitR at
in a US city | overweight and service and randomly
in the Mid- | obesity; BMIz assigned to
Atlantic score; intake of intervention or
region with | total energy, fat, control groups. The
at least 50% and fruits and School Nutrition
of students | vegetables; body Policy Initiative
eligible for | dissatisfaction; included the
free or hours of activity following
reduced' a.nd inaCtiVity Components: school
price meals self-assessment,
nutrition education,
nutrition policy,
social marketing, and
parent outreach.
Muckelba | RCT N=2950 e Daily water ly, School water At the end of 1-y follow-up:
uer et al, 2nd and 3rd consumption | August Randomization was | «  Daily water consumption was 1.1 glasses (200 meaignr in
20094 graders « Risk of 2006-June | performed at the city the intervention group.
from 32 overweight 2007 level. Intervention *  Compared with the control group, the oddsw#rweight were
elementary included installation 31% lower in the intervention group<£0.04).
schools (17 of 1-2 water
intervention fountains in schools,
, 15 control) providing children
in socially with reusable water
deprived bottles, and teachers
areas of encouraging use of
Dortmund the water bottles.
and Essen, Other components
2 were education (4 45+
neighboring min classroom
cities in lessons regarding
Germany water needs of the

body and the water
circuit in nature) and
goal setting (at 3 mo,
teachers introduced a
motivation unit that
used a goal-setting
strategy for a
sustained increase in
water consumption,




including quantitative

Control schools: no
intervention

targets and feedback).

Patel et | Nonrandom| 1 Daily water 5 wk, with | School water: At 2 months postintervention, adjusting for socimdgraphic
al, ized intervention | consumption at assessment In the intervention characteristics and baseline intake of water ataich
201 7% intervention | and 1 school, based on | at 2 mo, in | school, cold filtered | « The proportion of children drinking any water ahsol
study (pilot) | comparison | surveys of 7th 2008 drinking water was (adjusted OR=1.76), drinking from fountains (OR=8),%r
middle grade students provided in 19-L drinking from reusable water bottles (OR=1.99) Wwigher in
school in (N=793) and dispensers in the the intervention school than in the comparison stf®<0.01
lower- recordings of cafeteria, reusable for each).
income water used in water bottles were |« No statistically significant differences were sé@gonsumption
areas of Los| cafeterias distributed to students of other beverages, including sodas, sports drimk&00%
Angeles, and staff, and juice.
California education activities
promoted drinking
water.
The comparison
school received no
intervention.
Loughrid | Nonrandom| 3 secondary| Average water 3 mo School water: At the end of the 3-mo follow-up:
ge and ized schools in | consumption at Intervention schools | «  The average volume of water drunk by studentseénithter
Barratt, intervention | North school received either coolegd plus promotion school was great®=0.05) than in the water-
2005* | study (pilot) | Tyneside, filter water plus alone or control schools.
United active promotion or | «  The volume of soft drinks purchased by studentli schools
Kingdom water alone. before and during the intervention did not sigrifidy change.
The control school
received no
intervention.
I nterventions Tar geting Physical Activity
Author, Study Population | Outcomes Duration Intervention/Exposu | Findings
y Type re
Willenber | Observation| 23 schools, | « SOPLAY scans | October School equipment: | «  44% of children engaged in sedentary behavior, BOMPA,
getal, al, cross- N=3006 « Focus groups: | 2004— and 27% in VPA.
201G°*° sectional children concept map, December | availability and types| ©* MPA was higher in schools with fixed equipment, glgles,
group 2005 of playground monkey bars (35% vs 20%8<0.001)
12 focus discussion, equipment at schoold « MPA was greater where the blacktop was marked eatirt
groups, drawing, Focus markings/goals (34% vs 2098<0.001); play line markings
N=91, to photographic groups in were also higher (25% vs 20®:0.04).
identify ordering 2005-2006 « VPA was higher when loose equipment (33% vs 2P%§).001)
children’s and supervision (29% vs 22%x0.001) were available.
|deas’ about + Infocus groups, children expressed concern adaoktop
what’s fun surfaces due to fear of injuries and falls.
and healthy .

Children had an overriding preference for metafazgs to




Age: 9-11y

wooden ones because they thought they were betteafe play
and “attractive and fun” and thought that coloradace
markings were better for playing.

Children often were quick to point out that adsh®uldn’t
assume that older kids don’t want to play on fipéaly
equipment and also stated that as the school yestran, less
loose equipment was available for play.

Nielsen et| Observation| 7 schools, | Physical activity | September| School equipment: The number of play facilities in schools rangedrird4 to 35
al, al, cross- N=417 measured by —Novembe and was positively associated with both total ptaisactivity
2010°° | sectional | children age| Actical r 2004 number of permanen and time engaged in MPA/VPA.
5-12y, accelerometer play facilities in For each additional play facility, average accetestry counts
participatin | worn at the hip for, schools, such as were 3.8% higher at schod?<€0.001) and 2.7% higher overall
ginthe 2-5d, putonin swings, playground (P<0.001).
APPLE the morning and markings (eg, Each additional facility was also associated wiBp&
study taken off at hopscotch), courts, (P=0.001) or 4 min more vigorous activity during schbours
bedtime sandpits, slides, towe and 3.4% P<0.0001) or 9 min more MPA/VPA over the day.
forts, and monkey Higher activity at school wasn’t compensated foidiegreased
bars activity later.
For each additional 5 play facilities, overall &it}i increased
by 15%-20%.
The effects of play facilities were seen in botkeseand all
ages.
Ridgers | RCT 15 UK * Physical 12 mo School equipment: During lunch recess, VPA was 1.4% greater in irgation
et al, intervention |  activity: heart schools compared with control schodPs(.05).
2016°* schools rate « Intervention Playground markings/structures increased the ptiopoof
(N=2586, telemetry/accele schools each morning recess heart rate spent in MPA (from baseli
130 boys, rometry received £20,000 0.24+0.1% to 3.1+3.1%) and VPA (from baseline 0.2%0to
126 girls) | « All wore a heart (=$31,174 US) to 3.6+2.1%) P<0.05 each).
rate monitor. change the There were similar positive effects on lunch redesat rate for
11 UK « 300 wore an playground both MPA (from baseline 0.2+ 0.01% to 3.0+ 2.1%) &PA
control accelerometer environment funded (from baseline 0.2+ 0.1% to 0.9+ 1.3%).
schools during points of by the Department Effects were stronger at 6 mo postintervention @iah? mo.
(N=214, measure. for Education and As age increased, physical activity during morrang lunch
102 boys, | . M Skills as part of a recess decreased.
112 girls) | . Recess duration national sporting
all had morning playground
Age: and lunch initiative.
elementary | recess, and 11  Changes included
school

also had recess
in the afternoon.

the addition of
playground
markings (sports
area, multiactivity
area, quiet play
area); physical
structures, such as




soccer goal posts,
basketball hoops,
fencing, seating;
and greater
supervision.

Brown Systematic | RCTs Effects of diet and| Interventio | Among 38 identified | Physical activity intervention vs control (15 tggl
and review of evaluating | physical activity | ns of at RCTs of school- e 5 of 15 trials showed improvements in Bi$core.
Summerb| RCTs school interventions on | least 12 based lifestyle « 1 trial showed that 2 h per week of extra PE diagsoved BMI
ell, 2009 children, BMI wk interventions that at 6 mo but not over longer periods.
225 age focused onimproving « 1 trial showed that a 12-wk, 150 min per week aierdance
kindergarte | Only s_tudies _ dieft z_;\nd/or physical class reduced BMHQ.8 kg/nf).
nthrough | reporting a weight activity behaviors to | 10 of 15 trials showed no improvement (eg, 6-merivntion
18y outcome were reduce BMI, 15 promoting supportive school, 12-wk intervention @maging
reviewed. RCTs focused on walking in girls, 4-mo intervention promoting addital PE
physical activity classes, 12-wk intervention with individual coumsglfrom a
alone. school nurse; 66-session aerobic/dance/gymnastcgam).
Harris et | Systematic | RCTs of Effect of school- | School- e 18RCTs Physical activity intervention vs control (18 tegl
al, review and | school- based physical based involving 18,141
2009* | meta- based | activity interventio children, « In overall pooled meta-analysis, physical activitierventions
analysis of | intervention | interventions on | ns of at primarily in did not improve BMI compared with controls: weigiht@ean
RCTs s with change in BMl in | least 6 mo elementary difference:-0.05 kg/nf; 95% CI,-0.19, 0.10.
objective | children school Similarly, no consistent changes were seen in attesures of
data on. *  Duration of body composition. Outcome measures reported indlude
change in studies ranged percentage of body fat, waist circumference, waistip ratio,
BMI, fromémoto3y. triceps skin-fold thickness, subscapular skin-thidkness, total
published In 15_ of 18 lean mass, total fat mass, and skin-fold sum. Anfdhgtudies
through studies, there was  ayaluating 18 such measures, only 3 of the 18 measaund
September some type of significant improvement with physical activity intention,1
2008 cointervention. demonstrated deterioration with physical activitiervention,
and 14 did not show any significant change.
e Only 5 trials evaluated objective measures of glalsictivity.
Three studies used SOFIT and found more physitaitgdan
the intervention group; 2 studies used accelerameted found
no difference in physical activity in interventioa control
groups.
Jago et al| Quasi- * Pilot Monitored heart | 2003-2004 | 2003 activity study: | 2003:
2009%° experimental study for | rate as a measure| « School received « Mean heart rate during PE ranged from 143 to 150. Gfhe
[ pilot study | the of MVPA $10,000 for percentage of class time with heart rate >130-#0 tanged
(pre- vs STOPP- equipment from 66% to 76%, equivalent tl6 min of physical activity
postinterven|  1p 2003 * Specialist PE during a 45-min class.
tion) study: 6 teacher provided |« For each day of the intervention, there was aresme of 0.2
us * 56 instruction cards| bpm (P<0.0001) in mean heart rate during PE. An increaa
schools designed for lesson also seen in the percentage of time spent in &esvproducing
(N=585) plans to result in a heart rate >130 bprR€0.0001) and >140 bpnir€0.0001) of

» 2004

high levels of

about 0.3% per day for both.




f

study: 7 MVPA 2004
us 2004 curriculum + The percentage of class time with heart rate >80 b
schools study increased from 63% in week 3 to 72% in week 8, \sitll heart
(N=1544) » School received rate >140 bpm, from 49% in week 3 to 58% in week 8.
* Age: 6th $10,000 worth of
graders equipment
* 5 units: basketball,
Frisbee, jump rope,
soccer, team ball; 8-
12 lesson plans
» Master PE teacher
and TA provided
Kriemler | RCT N=502 « Body fat (sum | 1 academic Multicomponent After adjustment for grade, sex, baseline valued,dustering
et al, students in of 4 skin folds) | year PE+activity within classes:
2010°° 28 1stand |« Aerobic fitness | (August « Participants in both| «  Children in the intervention classrooms showedemigr
5th grade (shuttle run 2005-June | groups received 3 decrease in skin-fold thicknegscore £0.12; 95% CI;-0.21,
elementary test) 2006) 45-min PE classes -0.03;P=0.009), increase in shuttle rascore (+0.17; 95%
school « Physical per week. Cl, 0.01, 0.32P=0.04), and total daily MPA/VP & score
classrooms activity * The intervention (+0.44; 95% ClI, 0.05, 0.82=0.03), with the latter due to
from 15 (accelerometry group (16 increased activity during school hours (+1.19; 95§00.78,
sch_ools in on weekdays) classrooms) also 1.60;P<0.001).
Switzerland | « Quality of life received structuring «  The intervention also reduced BMkcore £0.12; 95% Cl,
« BMI, metabolic of the 3 existing PE -0.19,-0.04;P<0.003) and cardiovascular riglscore {0.18;
risk (average classes; 2 additiongl 9504 C1,-0.29,-0.06;P<0.003).
scores of waist 45-min PE classes | . Npg significant differences were seereiscores for overall
circumference, per week; daily daily physical activity (0.21+0.21 to 0.63), physical quality o
BP, blood short activity breaks life (0.42;-1.23 to 2.06), or psychological quality of life §9;
glucose, (3-5 per day during ~0.85 t0 2.03)
inverted HDL academic lessons, ' R
cholesterol, and lasting 2-5 min
triglycerides) each); and daily
physical activity
homework.
Jansen et| RCT N=2622 * BMI 1 school Multicomponent Comparing intervention with control schools after:1
al, childrenin | « Waist year PE+activity: * No significant differences overall in grades 6-8
2017 grades 3-8 circumference « “Lekker Fit” « Ingrades 3-5 only:
(age 6-12y)| « Fitness assessed schools: 3 PE - Lower prevalence of overweight (OR=0.53; 95% C360).
in20 by 20-m shuttle sessions per week 0.78)
schools in run by trained teacher, - Lower waist circumference-{.29 cm; 95% CI--2.16,
multiethnic, additional -0.42)
low-income sport/play outside —  Greater fitness (+0.57 laps; 95% CI, 0.13, 1.01)
areas in school hours,
Rotterdam, physical activity

Netherlands

education
Control schools: no

intervention.




Jurg et al,| Nonrandom | N=510 * Physical activity | August Multicomponent, «  After multilevel analysis and adjustment for baselphysical
2006 | ized students, assessed with a| 2002-June | including activity habits and activities, pupils in the interventichaols were
controlled | grades 4-6, | questionnaire 2003 breaks more likely to meet the guidelines (at least 60 ofiMPA
trial in 4 * JUMP-in program: daily): OR 1.63; 95% ClI, 1.02, 2.61.
intervention Schools received an«  This difference was only significant among 6th gratuidents
and 2 intervention (OR 4.33; 95% CI, 1.82, 10.32), not 4th grade (OBI0
control including accessible 95%ClI, 0.34, 2.09) or 5th grade (OR 1.16; 95% Q1802.79)
schools in school exercise students.
Amsterdam, activities around or
Netherlands within the school,
structured PE by
school teachers
with a goal of 60+
min of MPA per
day, regular breaks
during usual lessons
for physical
activity, relaxation,
and posture
exercises, and
parental support.
* Control schools: no
intervention
Stewart et| Intervention| N=71  Exercise Spring Activity breaks » During the program, exercise intensity ranged ffotto 6.4
al, study but students in intensity in 2001 e A 10-min METSs across all grades during activity and in theerate to
2004°2 without a METsSs, estimated classroom-based vigorous range of energy expenditure during alsieers.
control or | nonrandomi| from step counts physical activity « Average energy expenditure ranged from 25 to 37 dwiéng
pre- vs zed sample | measured using program each session and increased with grade.
postinterven| from 3 accelerometer implemented by | « Change in exercise intensity or expenditure beforafter the
tion classrooms parameters teachers at least program was not assessed.
comparison | (grades 1, 3| « Calculated once a day in the
5)ina energy intervention school
school in expenditure (TAKE10Y)
Georgia; of « No control
the
students,
88% were
black, 7%
Hispanic,
and 5%
white
Mahar et | RCT N=243 * Daily steps 12-wk Activity breaks * Students in the intervention classes took moreyd&dps in
al, students in during school period * Intervention classeg school than those in the control classes (558808 4+782;
20063 15 classes | hours, measured from (N=135 students) effect size=0.49P<0.05).
from by a pedometer | August— received a 10-min




kindergarte November | classroom-based
n through (year not physical activity
4th grade in stated) program
a public implemented by
school in teachers.
North * Control classes
Carolina (N=108 students):
no intervention
Liu et al, | Nonrandom| N=753 boys| « Duration of total | October Activity breaks Duration of total physical activity increased fr@8 to 3.3 h
2008 ized and girls physical activity | 2004-June | * Intervention school; per day in the intervention school but decreasewuh #.4 to 2.9
controlled | age 6-12y per day assessed 2005 a 10-min h per day in the control schod*<€0.05 for comparison of
trial from 2 by validated 7-d classroom-based change).
elementary | guestionnaire physical activity Average energy expenditure increased from 15.@12 Kcal/kg
schoolsin | « Average energy program in the intervention school but decreased from 2d.B4.7 kcal
Beijing, expenditure per implemented by in the control schoolR<0.05 for comparison of change).
China day calculated teachers at least Among boys, BMI increased similarly in both intentien
from activity once per day (18.1-19.0 kg/rf) and control (18.0-18.7 kgAnschools P=NS
questionnaire (Happy 10 for comparison of change).
* BMI program) Among girls, BMI decreased in the intervention @gt&8.2
+ Control school: no kg/n?) but increased in the control (16.4-17.1 kd/sthool
intervention (P<0.05 for comparison of change).
Donnelly | RCT N=1527 » BMI (primary) | 2003-2006| Activity breaks There was no significant change in BMI or BMI pertile
et al, students, * Daily physical * Physical Activity between the intervention and control schools. ERd:B9.9 vs
2009 grades 2-3, | activity assessed Across the 20.0; change in BMI: 2.0£1.9 vs 2.0+150.83.
in 24 in a subset using Curriculum: 14 Intervention schools had higher mean acceleroncetents (851
schools in accelerometers intervention schoolg vs 744 over 4 d?=0.007) due to greater activity during both
Northern received a 90 min school hours and on weekends and more time spé&hvPA
Kansas per week MVPA (98 vs 72 min over 4 d?=0.001)
lesson delivered In post hoc observational analyses, interventidrosts
intermittently in the complying with 75+ min per week of intervention (}-had a
school day in smaller increase in BMI than intervention schooithw 75 min
addition to 60 min per week of intervention (N=5). Change in BMI: 118& vs
per week of PE. 2.4+2.0,P=0.02.

* 10 control schools The significance of change in BMI in compliant itention
received 60 min pe schools (1.8+1.8) vs control schools (2.0+1.9) wasreported
week of PE. but did not appear to be statistically significant.

Katz et RCT N=1214 * BMI September| Activity breaks Over 1 academic year, students in the intervergionp had a
al, students « Maximal oxygen| 2007Apri | « Students in 3 significantly greater increase in BMI than contrptsedian BMI
2010°° grades 2-4 | consumption | 2008 intervention schools change 0.3 vs 0.P=0.02) and a trend toward a greater BMI
at 5 schools| « Measured (N=655) received a score P=0.07 Lean muscle mass was not assessed.
in Missouri abdominal range of multiple
strength, upper structured physical The intervention group showed greater improvemienisedian
body strength, activity breaks, abdominal strength (curl-ups: +9.0 vs (78;0.01), upper-body

back extensor
strength, and

implemented by
teachers during

times when student

strength (90-degree push-ups: +2.0 vs B<).01), and trunk
extension (trunk lifts: +1.0, IQR 0.0, 3.0, vs 1IQR 0.0, 2.0;




flexibility

were not
concentrating
maximally in class.

* Students in 2
control schools
(N=559) received
no intervention.

P<0.01).
No significant differences were seen in flexibildy maximal
O, consumption.

Mendoza | Nonrandom | 3 urban, Evaluated change| 1y Walking school bus At baseline, the proportions of students walkingdbool did
et al, ized socioecono | in walking vs all » Part-time not differ at the intervention (20£2%) vs contrbb{2%)
2009 controlled | mically other forms of coordinator schools P=0.39).
trial disadvantag transport to * Parent volunteers At 1y, more students walked to school at the irgation
ed public (25+2%) vs control (7£1%) schoolB£0.001).
school, assessed o .
elementary . No significant changes were seen in the percerdagidents
schools (1 | bY s_enal cross- riding in a car or taking the school bus at bagetin1 y (all
intervention | sectional surveys P>0.05).
Vs 2 | (=650 each) at
g%r:trttljele) N | baseline and 1-y
Washington follow-up
kindergarte
n to 5th
grade (age
5-11y)
Heelan et | Nonrandom| 2  Trial assessed | 2y Walking school bus After 2 y, 36% of children at the intervention solmactively
al, ized intervention | how children got e Children walked to commuted at least 50% of the time (meeting the BIEOZyoal)
2009° | controlled | schools to school school in groups Vs 26% of children at the control schoBk(.05).
trial (N=464) (walking, with set stops along In the subset with objective measures, the effeere greater:
biking, riding in the way. 71% of intervention participants met the HP 2018lgo
1 control car/bus) for 1 * Adults were present compared with 25% of control participants.
school wk 3 times per as “bus drivers” for Over 2y, there were no statistically significaiffedences in
(N=227) year. supervision. BMI, BMI zscore, or percentage of body fat between childrg
* A subset » Walk stops were at the intervention and control schools.
Age: (N=201) within a 1.6-km In observational analyses, there was a signifiddfa@rence in
elementary | received radius of the school,. change in BMI over 2 y between frequent walke®11=0.80
school objective « 8 routes were kg/nT) vs passive commuteraBMI=1.57 kg/nf), P<0.05.
activity created for the 2 Frequent walkers vs passive commuters also hacesm
measures. participating increase in sum of skin folds (2.40+5.80 vs 5.566%and
« BMI, skin-fold schools. percentage of body fat (1.55%+3.84% vs 3.72%+3.31).

thickness, and
percentage of
body fat were
measured twice
per year.

Participants walked
an average of 1.04
km each way.

RCT indicates randomized controlled trial; BMI, lyadass index; OR, odds ratio; Cl, confidence iraerWHO, World Health Organization; SPAN, SchoolBhal Activity

and Nutrition;PE, physical education; CATCH BP, Coordinated Apfoto Child HealthBlood Pressure; STOPP, Stockholm Obesity Preveifogram; BP, blood pressure;



NE, nutrition education; NE+G, nutrition educatioins gardening; KAP, Knowledge, Attitude, and PiagtFFQ, food frequency questionnaire; SOPLAY ,t8ysfor Observing
Play and Leisure Activity in Youth; VPA, vigorousiysical activity; MPA, moderate physical actividd®PLE, A Pilot Programme for Lifestyle and Exer¢iS©OFIT, System for
Observing Fitness Instruction Time; STOPP-T2D, ftsido Treat or Prevent Pediatric Type 2 Diabd#®gPA, moderate to vigorous physical activity; PBypical education;
bpm, beats per minute; HDL, high-density lipoprmoieVETs, metabolic equivalents; NS, not significd@R, interquartile range; and HP 2010, Healthgie 2010.

Note: Reference numbers (eg, Brown and Summe@0F*®) appearing in this supplementary table correspuititithose listed in the reference section of tlagesnent. For the
purposes of this supplementary table, these methsas or systematic reviews (see "Author, y" caluare considered the primary citation. Additiosidies mentioned in the
primary citation may be included in the "IntervemiExposure" and "Findings" columns. The additi@iatlies can be accessed through the primaryaritati



Supplementary Table 7. Studies of School Vending M achines
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Author,y | Design Population Outcomes Duratio | Intervention/Exposure Findings
n
Nickelson | Observational,| 8 public middle | « Self-reported Survey | YRBSS » 67% of students reported consuming no
et al, cross-sectional| schools parental limits on | taken soft drinks per day.
201G soft drink intake | during 1 | . opserved 7 items from » 54% of students reported no parental lim
N=4049 « School vending | class YRBSS in relation to on consumption, 33% reported a limit of
machine soft drink| period purchases of soft drinks from  soft drink per day, and 14% reported a lin
Age: 6th-8th purchases school vending machines ang  of 2-3 soft drinks per day.
grades « Soft drink consumption of soft drinks af * The greatest number of purchasers of so
consumption school/home drinks from school vending machines we

« Examined survey question students who reported a parental limit of
about parental limits on 3 soft drinks per day (29%) or no parentg
consumption of soft drinks limit (27%) (P<0.001).

« Measured age, sex, * Students with the lowest soft drink
race/ethnicity, milk, and fruit| purchases from school vending machine
juice intake (20%) reported a parental limit of 1 soft

drink per dayP<0.001).
Park et al, | Observational,| 73 Florida « Use of school Spring Florida Youth Physical Activity| = 99% of students reported the presence o
201G cross-sectional public middle vending machines| 2003 and Nutrition Survey vending machine serving snacks, 89%
schools « Consuming reported a beverage vending machine, a
snacks/caloric « Statewide, self-reported 88% reported having both.
N=4322 beverages in placg school-based survey for * 70% reported buying less healthy snacks
of lunch middle school students to and 69% reported buying less healthy
Age: 6th-8th monitor attitudes, behaviors,| beverages.
grades physical activity, and * In schools with a beverage vending
nutrition knowledge machine, more students (19%) selected

« Developed by Florida Dept of sShacks/beverages instead of lunch than i
Health schools without beverage vending

« Survey examined vending machines (7%)R<0.05).
machine types and items * Students in schools with a beverage
offered machine had a higher risk for buying lung

« Items were grouped into from the vending machine (adjusted
healthier and less healthy OR=3.5; 95% ClI, 2.2-5.7).
snacks and beverages. « Students who bought snacks/beverages

from the vending machines instead of
school luncte3 days per week more ofter
purchased less healthy snacks.
Thompson | Observational,| Public school | « Access to school | Given Youth Styles Survey » 58.7% of students reported that access t
et al, cross-sectional students vending machines| May-Jun school vending machines was restricted
2010 * Food purchases | € 2005 |« Consumer mail panel survey| Certain hours. The majority of these
N=869 and dietary intakes students reported not making any purcha

as part of Styles survey
 Survey inquired about schoo

from the vending machiné€0.05).

1=

Ses

Students who bought food from the




vending machine access, vending machine3 days per week were
purchasing behaviors, school more likely to have unrestricted access t¢

rules about vending vending machines (OR=1.71; 95% ClI,
machines, individual dietary | 1.13-2.59), drink soda (OR=3.21; 95% C|,
intakes, and purchase of 1.87-5.51), and eat chocolate/candy
pizza/fried foods from the (OR=2.71; 95% ClI, 1.34-5.46) at least 1 pr
school cafeteria. more times per day.

Students who bought lunch 1-2 times per
week were more likely to buy fried
foods/pizza from the school cafeteria
(OR=2.43; 95% Cl, 1.69-3.49); those
buying food >3 times per week were even
more likely to buy fried foods/pizza
(OR=5.05; 95% ClI, 3.10-8.22).

Fiske and | RCT 10 vending » Assessed items 2-wk Teacher vending machines: | « Intervention | resulted in a trend toward &
Cullen, machines in sold baseline | « Each machine had 28 snack| small increase in sales of low-fat items
2004%° teachers’ « Assessed dollar | assessmg items and 5 choices of gum.| (P=0.08).
lounges in sales for items nt; 4-wk | « Low-fat items were promoted « Intervention Il resulted in more target foods
Texas « Total machine interventi | by sold, without a significant effect on total
elementary and| revenue on —Labels (intervention |, 4 dollar sales®P=0.11).
middle schools machines) « A significant difference in total machine
- Labels plus signs revenue was not seen in either interventipn.
(intervention Il, 4
machines)
- No intervention (control, 2
machines)
Gorton et | Quasi- 14 vending « Web-based staff | March— | Hospital vending machines: * Preintervention: 16% of staff used vending
al, 2013*" | experimental | machines at 2 surveys: 1 May « Intervention to provide at machines >1 time per day, 51% said they
(pre- vs hospital sites preintervention 2007 and| least 50% more healthy tried to choose healthier items, and 84%
postinterventio and 1 midway March- choices in vending machineg reported they never or infrequently used
n) N=835 at through May (defined as <800 kJ, <1.5g | vending machines.
baseline; intervention 2008 saturated fat per 100 g, <450 « Mid intervention: no significant changes.
N=611 at * Sales data pre- vs mg per 100 g « End intervention: no significant changes.
follow-up postintervention nonconfectionery items), and  15% used vending machines >1 time per
50% other choices (<800 kJ)  day, 53% said they tried to choose healthier
(Included here items, and 85% reported they never or
although infrequently used vending machines.

worksite-based)

87% of staff who frequented vending
machines reported noticing that healthier|
shacks were available.

54% of staff who frequented vending
machines reported changing their choice
with 31% doing so to make healthier
choices.

* Postintervention, average purchase: 409
lower kJ, 32% lower total fat, and 41%

4




| | | | | | lower saturated fat |
YRBSS indicates Youth Risk Behavior Surveillancet8yn; OR, odds ratio; ClI, confidence interval; ®€IT, randomized controlled trial.

Note: Reference numbers (eg, Nickelson et al, Z1@ppearing in this supplementary table correspuittithose listed in the reference section of tiagesnent. For the
purposes of this supplementary table, these methses or systematic reviews (see "Author, y" caluare considered the primary citation. Additiostaidies mentioned in the
primary citation may be included in the "IntervemiExposure” and "Findings" columns. The additistatiies can be accessed through the primaryaritati



Supplementary Table 8. Wor kplace-Based Approachesto Improve Diet and Physical Activity.

Diet and Physical Activity

Author,y | Design Population | Outcomes I nter vention/Exposure Findings
Engbers et | Systematic Healthy » Knowledge or | All trials included worksite * Glasgow et al: 2 studies, same intervention,
al, 2003%* | review of employees | behaviors interventions to improve diets: 19957 no effects on dietary intake, tobacco use,
controlled in related to diet, | « Glasgow et al, Emmones et al, and cholesterol levels; 1997 no effect on
trials (with or | manufactur | physical Sorenson et al, and Hebert et al |  cholesterol levels, significant decrease in fakat
without ing, activity, or other| used point-of-purchase food significant increase in self-reported exercise
randomization)| education, health indicators| labeling, but how the labeling was. Emmons et al: significant increase in exercise
evaluating service, * Follow-up in all | used was not specified. behavior and consumption of fruits and vegetables
workplace state trials identified |  Kronefeld et al, Beresford et al, | « Sorenson et al: 2 studigs
environmental | agencies, ranged from 3 Glasgow et al, Pegus et al, - Treatwell 1992: no significant changes in fiber
modifications | health care, moto2.4y. Sorenson et al, and Emmons et al intake, significant decrease in dietary fat
to improve sales expanded the availability of ~ Treatwell 5-day 1999: worksite plus
g::e;t\,/i[?;ys;cal ((:Igfnurrﬁtne cre, Cli?gt”? %fg:;lﬁe?ggg_c%%st family( significant increase in fruit and
other heafth | o0 d) arl distribL}/te p posteri o bulloting vegetable intake compared with worksite
indicators telecommu « Glasgow et al. Peqgus et al . intervention and c;ontrol .
nications Sore?\son et al angd Emmons et &l Sorenson et al: Working Well Trial
implemented h’ealthy food optionk 19947 &gmﬂcgnt_mqrgase in fruits ar}d veget_ables
in vending machines consumption, insignificant decrease in smoking
' » Sorenson et al: Well Works Trial
All interventions were _1998] significa_mt decrease in fat intake, gignifice nt
multicomponent, combining increase in fruit and vegetable consu.mp.tllon and
environmental changes with fiber, no effect on smok_mg; 20(1&10_5|gn|f|cant
changes between conditions on fruit and vegetable

education, counseling, and
distribution of info (brochures, kick
off events, flyers, etc).

intake, smoking cessation rates higher in 1
intervention condition

increase in vegetable consumption, decrease in
ground/processed meat consumption, high
correlation between priori intervention targets ar
behavior

Kronefeld et al: increase in consumption of
chicken, few other changes in dietary habits;
increase in exercise in both intervention and
control groups; decrease in number of smokers
intervention group

Beresford et al: larger increase in fruit and
vegetable intake in intervention than in control
sites (both significant)

Pegus et al: significant increase in knowledge of

Hebert et al: identical subjects to Sorenson 1992

cardiac risk factors, diet, and BP management;




improvements in exercise, diet, nutrition, smokirg,
BMI, BP, and cholesterol but no significant
differences from control

» Braeckman et al: no change in cholesterol levels,
significant increase in nutrition knowledge,
significant decrease in total energy and fat intak
increase in BMI in intervention group

» Strong evidence on effectiveness of worksite
dietary interventions to alter fruit, vegetablegdan
fat intake

» Many studies of lower quality: only 4 of 13 trials
overall could be qualified as high quality; outcome
measures were often self-reported; none of the
studies described randomization process

Physical activity

» See entry in the next section of this Table, below.

D

Anderson | Systematic RCTsin Any adiposity- US Task Force on Community At 6-12-mo follow-up, the overall pooled effect
et al, o review of worksites _relate(_j outhmes, Preventive Services review of diet| estimate showed
2009 RCTs of including weight, | gnd/0r physical activity » Weight reduction of 1.26 kg (95% Cl14.6,-1.0)
worksite BMI, orbody fat | ;10 ventions at worksites: based on 9 RCTs
Interventions « BMI reduction of 0.5 kg/(95% Cl1,-0.8,-0.2)
OE (lliecg?nd/or « Most studies combined based on 6 RCTs _
physi informational and behavioral . Het_erogenelty not identified by sex or worksite
aCt|V|ty fOI’ . - - Set“n S
strategies to influence diet and gs.
adults : -
physical activity.
» Fewer studies modified the work
environment (eg, cafeteria,
exercise facilities) to promote
healthy choices.
Groeneveld| Systematic 31 RCTs Body weight, Diversity of interventions identified, « Strong evidence was found for a beneficial effect
et al, review of identified body fat, BP, including counseling, group on body fat.
201G RCTs that blood lipids education, and exercise. Of the 31 « Among higher-risk populations, there was also
p ) . . . . . .
targeted trials, 18 were judged to be of high  strong evidence for a beneficial effect on body
. and/or blood . -
workers; aimed lucose quality. weight.
atimproving 9  Due to inconsistencies in results between studies,
diet and/or there was no evidence for the effectiveness of
physical interventions on the remaining outcomes.
activity; and
measured CVD
risk factors
Engbers et | Controlled trial | N=452 and| « Brief dietary Food Steps Trial: Dietary habits:
al, 2006, 515 office questionnaire 1-y intervention: * No significant effects on consumption of fruits,
20077212 workers at | « BMI, waist/hip | ¢ Diet: Product information sheets| vegetables, or dietary fat
2 circumference, placed near foods, indicating Physical activity:
government| skin-fold calorie values in terms of exercises Not reported




worksites thickness, BP, Every 4 wk, 1 of 6 food groups | Physiologic risk factors, among those with a BMI

cholesterol was highlighted. Leaflets with >23:

levels information on healthy food, BP, | « At 1y, there were no significant differences in
* Measures at 3 and cholesterol were left in the anthropometric measures between groups.

and 12 mo canteen. » When compared with controls, the intervention

Activity: Focus on increasing use group had significant favorable changes in total
of stairs by point-of-decision cholesterol (women only); HDL cholesterol (mer]
prompts on ground floor elevator] only); and the total-HDL ratio.

doors; use of footprint graphics gne When compared with controls, BP was actually
the floor to lead employees to significantly increased in the intervention group
stairwells; motivational quotes, (+5 mm Hg,P<0.001).

poems, and exercise facts posted
on the windows between floors;
and slim mirrors on every other
staircase floor

Control group: no treatment

Lowe et al, | Quasi- N=96 Worksite cafeteria] = Group 1: Environmental changes ¢ In a comparison of before vs after the interventign
20102 experimental | hospital lunch purchases in the cafeteria, including total calories and percent energy from fat at lunch
(pre- employees | 45 assessed by | addition of selected healthier decreased<(0 less kcal and 5% less energy,

/postinterventi options along with food labeling respectivelyP<0.01 each).

scanned

on) : calories, energy density, » There were no differences between the 2
purchasmg cards, Enacronutrients%yfor all f())IOdS sold intervention groups, ie, the addition of pricing
comparing 3 mo during lunch incentives and nutrition education did not appear t
before vs after the « Group 2: Environmental changes  have any additional impact. However, the sample
intervention in the cafeteria plus pricing size was small and may have not been adequately
incentives and 4 1-h group powered after attrition of subjects.

sessions of nutrition education on
strategies for decreasing energy
density of the diet

Physical Activity

Author,y | Design Population | Outcomes I nter vention/Exposure Findings

Engbers et | Systematic Healthy « Knowledge or | 3 trials included worksite Physical activity

al, 2008% | review of employees behaviors interventions to increase physical | « Adding a worksite walking track did not
controlled in related to diet, | activity: significantly improve CVD risk factors.
trials (with or | manufactur | physical » Walking track on factory grounds Improvements were seen in both intervention ard
without ing, activity, or other| « Posters and bulletin boards to control groups.
randomization)| education, health indicators| encourage use of stairs * Posters and bulletins for stairs did not signifiban
evaluating service, * Follow-up in all | « New or upgrading of worksite increase activity. Exercise improved in both
workplace state trials identified fitness facilities, plus route for intervention and control groups.
environmental | agencies, ranged from 3 walking during lunchtime » Adding or upgrading worksite fitness facilities
modifications | health care,| moto2.4y. All interventions were significantly increased physical activity.
to improve sales multicomponent, combining » Studies were generally of lower quality, with self-
diet, physical | (insurance, environmental changes with reported outcomes and no clear description of
activity, or computer, education, counseling, and randomization procedures.

other health food), and distribution of information




indicators telecommu (brochures, kick-off events, flyers, | Diet
nications etc). See entry in prior section of this Table, above.
Engbers et | Observational, | N=186 « Self-reported Worksite 1 » Worksite 1: Men and normal-weight employees
al, 2007%° | cross-sectional| office stair use: how | ¢ 6-story building, staircases visible used stairs more often and covered more floors
workers often stairs wergl and located directly next to than did women and overweight employees,
with BMI used, how many| elevator respectively.
>23 at 2 floors covered | Worksite 2 « Worksite 1: Men had significantly higher values pn
government| « Objective  12-story city hall building, tighter| objective stair-use frequencly£0.002) and
agencies measures using| security, stairs not accessible from objective number of floors coverefl{0.001)
detection 1st floor, stairs hidden compared with worksite 2.
device, chip (Baseline data from Food Steps | » No significant differences were found between
card Trial) worksite 1 and 2 for women.
Schwetsch | Observational, | N=88 Membership in Survey of worksite employees to | « The perception that the fitness center had
enau 7ezt al, | cross-sectional| employees | and use of assess perceived barriers to using inadeqluat.e exercise facilities was associated avith
2008 ofa workplace fitness | worksite fitness centers lower likelihood of membership.
Midwestern centers » Among members, embarrassment about exercising
company in front of colleagues was associated with lower
frequency of use.
Schwartz etl Observational, | N=293 » Accelerometer | 8 built-environment characteristics| « No built-environment characteristic near the
al, 2008 | cross-sectional| employed determined steps near workplace (presence of workplace was significantly associated with
adults in per weekday sidewalks, crosswalks/pedestrian | Measured amounts of weekday walking.
Montgomer | « Self-reported signals, cul-de-sacs, bicycle or * Some built-environment characteristics were
y County, walking home destri s t | t positively associated with self-reported walking
Maryland from work be gstrlan tralls, rees a or?g STEEIS: home from work, including the presence of
no litter, four-way intersections, 100 gjqewalks, crosswalks, and pedestrian signals near
much traffic) and 4 workplace the workplace.
policies (presence of exercise « All 4 workplace policies were positively associated
facilities, exercise programs, with weekday walkingR<0.05).
showers, and lockers)
Nicoll et al, | Quasi- N=299 « Stair use from | « Natural experiment: 1 bank of | ¢« The open stair near the skip-stop elevator was ysed
2009"° experimental | office infrared skip-stop elevators, which stop 33 times more than the enclosed fire stair in
building monitors and only at every 3rd floor, requiring | traditional core (117,619 entries for skip-stop
employees card readers users to take stairs to other floorg, stairs, 3570 entries for traditional stairs).
in Texas + Survey of stair with nearby stairs made open ande Initial attitudes toward skip stop: 32% satisfied,
use and attitudes appealing 32% neutral, and 35% dissatisfied
and behaviors | « Control: Traditional elevator corel « Attitudes 22 mo later: 48% satisfied, 27% neutral,
toward physical | and fire exit stairwell on the other and 25% dissatisfied
activity. side of the building « 73% of employees used stairs daily.
Pedersen ef RCT N=549 « Self-reported Resistance training: After 1y:
al, 2008"® employees | physical « Allotted 1 h per week during work « There were no changes in self-reported physica
in Denmark| activity. for intervention activities activity.

« Physical fitness | « Traditional dynamic strengtheninge Both interventions decreased percentage of body
by maximal exercises with dumbbells and fat (mean decrease 2.2%x0.01) and systolic BP
muscle strength,| isometric exercises (mean decrease 6.4 mm HRy0.001).
maximal Q General physical exercise: » There were also small increase& @) in muscle




uptake
* Heart rate
* BMI
 Percent body fat
* BP

« Allotted 1 h per week during wor
for intervention activities

* Steppers placed at copy maching
punch bags placed in the hall,
Nordic walking group sessions,
step counters, and 8-min exercis
CD

» Employees also encouraged to
increase physical activity during
leisure time

Control:

« Information on health-enhancing
activities except for physical
activity, with formation of
discussion groups

* Allotted 1 h per week during wor
hours for intervention activities

strength and maximal Quptake.
» There were no significant differences in BMI or
> productivity.

Gilson et
al, 2007

RCT

N=64
university
employees
in the
United
Kingdom
(58 women,
6 men)

* Pedometer step
counts assessed
at1,5,and 10
wk

» Percentage of
body fat

* Waist
circumference

* BP

Intervention group 1:

» Designated campus walking
routes

* At least 15 min of continuous
brisk walking every workday

» Weekly emails for 10 wk

Intervention group 2:

* Incorporating walking into daily
tasks

» Accumulation of step counts,
“walk and talk”

» Weekly emails for 10 wk

Control: no treatment

At 10 wk:

both treatment groups, with a net difference of
about 1800 steps per da3<0.002).

health variables.

Comprehensive Wor ksite Wellness Programs
Author,y | Design Population | Outcomes I nter vention/Exposure Findings
Pelletier Systematic Published | « Clinical Comprehensive worksite wellness| Evidence from 1998-2000 (15 studies):
2001, reviews of studies outcomes programs, defined as programs thae Many methodologic limitations were identified.
2005, RCTs and from the « Cost outcomes | provided ongoing health promotion« Overall data indicate benefits for both clinicatian
20097>%"" | quasi- United and disease prevention that cost outcomes, in particular for facets of progran
experimental | States, integrates specific components int¢  that identify and provide individualized risk
studies that including a coherent, ongoing program and |t reduction for high-risk employees.
evaluated both| 15 from consistent with corporate objective: Evidence from 2000-2004 (12 studies):
clinical and 1998-2000, « Methodologic limitations continue and are perhaps
cost outcomes | 12 from even worse.
2000-2004, « In the context of these important limitations, the$
and 16 studies provide additional evidence of benefits f
from 2004- both clinical and cost outcomes.

* Steps decreased in control group and increased,|i

» There were small, nonsignificant changes in other

D

D

=




ta-

£S

or

D.

ve

the

2008 Evidence from 2004-2008 (16 studies):
« Nearly all studies were quasi-experimental; only|
RCT was identified.
« Overall conclusions are unchanged from prior
reviews.
Cahill et al, | Systematic 51 studies | « Smoking Randomized and quasi-RCTs Due to heterogeneity in study methods, formal me
200852 review of published cessation allocating individuals, workplaces,| analysis was not performed. Qualitative impressio
controlled through attempts or companies to intervention or of the authors were summarized. Among 37 studi
workplace 2008 « Smoking control conditions to promote of individual-level interventions:
interventions cessation smoking cessation. Most studies | « Group programs, individual counseling, and
for smoking randomized individuals at the nicotine replacement therapy each increased
cessation workplace (rather than randomizing cessation rates in comparison with no treatment
workplace-level interventions) to minimal intervention controls.
various interventions, including | « Self-help materials were less effective.
group therapy, individual Among 16 studies of workplace-level interventions:
counseling, self-help materials, | « Strong evidence was not seen that comprehens
nicotine replacement therapy, and|  programs reduced prevalence of smoking.
social support. * Incentive schemes increased cessation attempts
but there was less evidence that they increased
rate of actual quitting.
Calderon et| Quasi- N=366 2- and 5-mo Kennedy Space Center At 2 mo:
al, 2008™ | experimental | employees, | changes from Cardiovascular Disease Risk  Decreases in systolic BP£0.03); diastolic BP
(pre- vs average age baseline in CVD | Reduction Program: (P=0.002); total cholesterol, LDL cholesterol, an
postinterventio| 49y, 75% | risk factors over 3| A worksite program to identify dietary fat intakeR<0.001 each); and increase in
n) male y of the program | employees with high cholesterol exercise frequencyPE0.04)
from voluntary monthly screening | At 5 mo:
visits and target their CVD risk « Decreases in triglycerideB£0.05) and total
factors through health education cholesterol, LDL cholesterol, and dietary fat irga
phone counseling. Phone counseling (P<0.001 each)
consists of reviewing lab values
with participants, discussing dietary
fat intake frequency using an intake
guestionnaire, and promoting
increase in exercise frequency.
Chung et | Quasi- N=343 » Smoking status |  Intervention: 18-mo approach to | Compared with baseline, postintervention:
al, 2009 | experimental | Chrysler | « Physical activity| improve CVD risk: « Smoking decreased by 14%.
(pre- vs employees, | « HDL, LDL, - Employees were stratified into B« 36% of participants lost weight.
postinterventio | age >18'y total cholesterol risk categories: low (no CVD), | « Mean BMI decreased slightly from 28.4 to 28.2
n) « BP moderate (treated and controlled (P=0.04).
« Diabetes CVD), or high (newly diagnosed « Mean systolic and diastolic BP decreased by 6.7
« Overall CVD). mm Hg P<0.0001) and 1.1 mm H@PE0.02),
estimated - All received more targeted respectively.
Framingham education/individualized « Mean total cholesterol/HDL-C ratio was lower
risk intervention than general (P=0.02).

employees, including meeting

* Predicted RR of CVD was 12.7% lowét=0.01)

with a nurse, receiving a starte

4




kit, and focusing on realistic an
measurable goals to reduce ris
—Moderate-/high-risk employees
also received additional progre
meetings and small-group
educational sessions.
Control: All employees received
general education, a CVD risk
profile assessment and BMI
calculator, general seminars on
CVD topics, information in
company newsletters, a toll-free
number for questions, and
physical activity guidelines.

de At baseline, 68.5% were low risk, 21.6% were

K. moderate risk, and 9.9% were high risk. At
conclusion, 71.1% were low risk, 21.6% were

5s moderate risk, and 7.3% were high risk, for an
overall RR reduction of 12.79%°€0.01).

» The proportion of subjects who reported being
active for 30-60 min most days of the week
increased from 0.5% to 57%.

86% planned to maintain lifestyle changes.
95% thought it was important for employers to
offer a workplace health promotion program.

Milani and | RCT N=308 » 6-mo changes in Intervention: 6-mo worksite health| « Improvements were seen in body fa9%o;
Lavie, employees risk factors intervention using cardiac P=0.001), HDL-C (+13%P=0.0001), diastolic BH
20090 and N=31 |+ Total medical | rehabilitation and exercise training|  (-29; P=0.01), health habits-60%; P=0.0001),
spouses, claim costs the | staff, consisting of worksite health|  total health risk€25%; P=0.0001), quality of life
randomized| year before and| education, nutritional counseling, |  (+10%;P=0.001), and other symptoms (depress
to active the year after | smoking cessation counseling, -33%, anxiety-32%, somatizatior33%, hostility
interventio intervention physical activity promotion, ~47%; allP<0.001).
n (N=185) |« Cost- selected physician referral, and |, of employees categorized as high risk at baselite,
vs usual effectiveness. | other health counseling 57% were converted to low-risk status.
(csr_elS 2) « Average employee annual claim costs decreased
B 48% (P=0.002) for the 12 mo after the
intervention, whereas control employees' costs
remained unchange&16%;P=NS).
« Compared with the costs of intervention, the
savings represented a 6-fold return on investme
Racette et | RCT N=151 Até moand 1y: | Intervention: In the intervention group:
al, 2009 employees | « Diet « Personal health report « Increased daily servings of fruits and vegetables
age >18 at | « Fitness » Transtheoretical Model of from 4.7 at baselineto 7.8 at6 moand 7at 1y
worksites | « BMI, body Behavior Change (P<0.01); smaller improvements in control (4.3 at
within a composition « Pedometers, weekly healthy snack baseline, 5.3 at 6 mo, 5.1 at 1y)
large - BP cart, on-site Weight Watchers » Decreased intake of saturated fat, fatty meats, and
medical « Blood lipids meetings, on-site group exercise| fried foods at 6 mo and 1 €0.001)
centerin St| , oyerall program, monthly lunchtime * Increased daily physical activitiP€0.001) as
Louis, estimated seminars, monthly newsletters, shown in an increase in walking/moderate
Missouri Framingham walking maps, team competitions, activities £<0.01)
risk participation cards, participation | « Percentage of employees in lowest Framinghan

rewards

» Registered dietitian available
weekly

Control:

risk category increased from 40% to 57% at 1y
(P<0.01); no significant change in control.

» At 1y, percentage with metabolic syndrome
decreased from 38% to 25% in intervention

» Personal health report

(P=0.02) and 29% to 18% in contrd®<£0.07).




BP indicates blood pressure; BMI, body mass inéRXT, randomized controlled trial; Cl, confidencéeival; CVD, cardiovascular disease; HDL, high-dgngoprotein;
HDL-C, high-density lipoprotein cholesterol; LDlgw-density lipoprotein; RR, relative risk; and Nt significant

Note: Reference numbers (eg, Engbers et al, 2YGfppearing in this supplementary table correspuittithose listed in the reference section of tiaéesnent. For the purposes
of this supplementary table, these meta-analyssgstematic reviews (see "Author, y" column) arasidered the primary citation. Additional studiesntioned in the primary
citation may be included in the "Intervention/Expas’ and "Findings" columns. The additional studias be accessed through the primary citation.



Supplementary Table 9. Local Environmental Changed Improve Diet (Community Settings)

Accessibility to Supermarkets, Grocery Stores, an@€onvenience Stores

re

0s

Author, y Design Population Duration Intervention/Evaluation Major Findings
Morland et | Observational, | N=2392 black and | 1993-95, 1999 | This study evaluated the relation *  31% of white but only 8% of black
al, 2002% cross-sectional | 8231 white between local food environment and participants lived in a census tract with
participants, age 49- intakes of selected foods and nutrients. or more supermarkets. On average, the|
73y, in the ARIC The food environment was were 5 times as many supermarkets in
cohort characterized by the number of census tracts where whites lived.
supermarkets, grocery stores, full- After adjustment for income, education, and
service restaurants, and fast-food other types of food stores and places:
restaurants located in the residence | «  The presence of a neighborhood
census tract of participants (Maryland supermarket was associated with meeti
North Carolina, Mississippi, and dietary metrics for fruits and vegetables
Minnesota), based on data from local (RR=1.54; 95% ClI, 1.11, 2.12), total fat
health departments and state (RR=1.22; 95% Cl, 1.03, 1.44), and
departments of agriculture in 1999. saturated fat (RR=1.30; 95% ClI, 1.07,
Dietary intakes were estimated by a 1.56) among blacks and with meeting th
semiquantitative FFQ in 1993-1995. dietary metric for total fat (RR=1.09;
Evaluated dietary metrics included 95% Cl, 1.01, 1.18) among whites.
daily consumption o£2 servings of «  Among blacks only, each additional
fruits, >3 servings of vegetables300 supermarket in the census tract was
mg of cholesterok30% of calories associated with 0.41 higher daily servin
from total fat, and10% of calories of fruits and vegetables (95% ClI, 0.13,
from saturated fat. 0.76).
e See the separate section in this Table
(below) for findings related to fast-food
and full-service restaurants.
Laraia et al, | Observational, | N=918 women in 1995-1999 This study examined the relation After adjustment for individual factors (age,
2004%° cross-sectional | the PIN study in between distance to the closest race, marital status, income, and education

North Carolina

supermarket or convenience store an
diet quality index for pregnancy. Data
on food stores were obtained from the
USDA 2000 inspection registry and
geocoded. Data on dietary intakes
(percentage of recommended serving
of grains, vegetables, and fruits,
percentage of RDA of folate and iron,
Al of calcium, percentage of calories
from fat, and a meal pattern score) we
obtained from a validated FFQ and us
to construct a diet quality index.

re
ed

1 and distance to other food retail outlets:

Women living >6.4 km from a
supermarket were more likely to fall intg
the lowest diet quality tertile compared
with women living<3.2 km from a
supermarket (OR=2.16; 95% ClI, 1.2,
4.0).

Each 1.6 km closer to the nearest
convenience store was associated with
better diet, ie, lower probability of being
in the lowest diet quality tertile (34% at




3.2 km, 38% at 6.4 km, and 42% at 9.6
km).

)

\S

pre

Rose et al, Observational, | N=963, national 1996-1997 This study evaluated the relation After adjustment for urbanization, househol
2004% cross-sectional | sample of US between access to food stores and fruiincome and size, race, schooling, single-
participants in the and vegetable consumption. By using| parent status, and employment status of the
Food Stamp self-reported supermarket shopping, | respondent;
program travel time, and car ownership, a 3-leved  Distance to the nearest supermarket wa
supermarket access variable was inversely associated with fruit
created, including little access, consumption. Those who lived >8 km
moderate access, and easy access. from the nearest supermarket consume
Weekly household fruit and vegetable 62 g less fruit (95% CE7,-117), with a
consumption was estimated by 2 at- nonsignificant trend toward 36 g less
home interviews. vegetables (95% C+108, 35) per adult
equivalent per day than those living
closer to the store.
* Overall “easy access” to a supermarket
was associated with consuming 84 g m
fruit (95% CI, 5, 162) and a
nonsignificant trend toward 48 g more
vegetables (95% CH57, 153) per adult
equivalent per day, compared with little
access.
Sturm et al, | Observational, | N=6918 participants| 4 y, 1998-2002| This study evaluated the relation After adjusting for BMI, birth weight, family
20057 longitudinal age 7y, in the between density of grocery stores, income, sex, mother's education, and
ECLS-K in 59 convenience stores, fast-food race/ethnicity:
metropolitan areas in restaurants, and full-service restaurants  BMI change over 3 y was not
37 states in a child’s neighborhood (home and significantly associated with density of
school ZIP codes) and changes in BMI.  grocery or convenience stores.
Individual-level data were obtained + See the separate section in this Table
from the cohort. Data on per capita (below) for findings related to fast-food
numbers of grocery stores, convenience and full-service restaurants.
stores, full-service restaurants, fast-fopd
restaurants, ratio of grocery stores to
convenience stores, and ratio of full-
service restaurants to fast-food
restaurants in the residence ZIP code
were obtained from the US Census
Bureau 1999 ZIP Code Business
Patterns files.
Inagami et al,| Observational, | N=2144 participants| 2000-2002 This study examined the relation After adjustment for age, gender, education
2006 cross-sectional | in the Los Angeles between distance to and characteristicgace/ethnicity, employment, marital status,

Family and
Neighborhood Study

of the grocery store where people shg
and BMI. Data on neighborhood and
grocery store characteristics, including

pincome, and neighborhood socioeconomic
characteristics:
j e Living >2.82 km from a grocery store




percentage living below the poverty
line, percentage of households heade
by a woman, male unemployment rate
and percentage of families receiving
public assistance were obtained from
the 2000 US Census and used to crea
a neighborhood disadvantage score.
BMI was calculated from self-reported
height and weight.

h

ite

was associated with higher BMI (+0.78,
P<0.05).

BMI was also higher in individuals who
chose to shop in grocery stores in more|
disadvantaged neighborhoods than in
their own residential neighborhood
(P<0.01).

O

\S

Morland et Observational, | N=10,763 1993-95, 1999 | This study evaluated the relation After adjustment for age, gender,
al, 2006 cross-sectional | participants, age 49- between the presence of supermarketsrace/ethnicity, income, education, physical
73y, in the ARIC grocery stores, and convenience storesactivity, and all types of food stores and
cohort living in 207 in an individual's residential census | places simultaneously:
areas of Mississippi, tract and prevalence of obesity and | «  The presence of supermarkets was
North Carolina, other CVD risk factors. Food store data  associated with a lower prevalence of
Maryland, and were obtained from local health overweight (OR=0.94; 95% ClI, 0.90,
Minnesota departments and state departments of 0.98) and obesity (OR=0.83; 95% Cl,
agriculture in 1999. BMI was calculated  0.75, 0.92).
from weight and height measurements «  No association was found between the
collected in 1993. presence of grocery stores and
overweight (OR=1.03; 95% Cl, 1.00,
1.07) or obesity (OR=1.06; 95% CI, 0.9
1.16).

» The presence of convenience stores w4
associated with a higher prevalence of
overweight (OR=1.06; 95% ClI, 1.02,
1.10) and obesity (OR=1.16; 95% ClI,
1.05, 1.27).

* No significant associations were found
between the presence of supermarkets
grocery stores, or convenience stores gnd
prevalence of diabetes, high cholestero
or hypertension.

Jago et al, Observational, | N=204 Boy Scouts, | 2003 This study evaluated the relation After adjustment for BMI, age, parental
2007%8 cross-sectional | age 10-14 vy, between distance to food and education, and ethnicity:

recruited from 36
troops within the
greater Houston,
Texas area

restaurant outlets and fruit and
vegetable consumption. A buffer
with a 1.6-km radius was created
around each participant’s home, and
by using council public health
records, distance to the nearest food
establishment was calculated. An
FFQ was used to assess fruit and
vegetable consumption. Vegetables

were evaluated in 2 groups,

No significant associations were seen
between distance to supermarkets or
warehouse clubs and fruit and vegetabl
consumption.

Living closer to a convenience store wa
associated with lower consumption of
fruit and juice P=0.002), low-fat
vegetablesR=0.006), and high-fat
vegetablesR=0.001).
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including “high-fat” vegetables
(potatoes, french fries, coleslaw)
and other (“low-fat”) vegetables.

e See the separate section in this Table
(below) for findings related to fast-food
and full-service restaurants.

Wang et al, | Observational, | N=5795 participants| 1979-1990 This study assessed the relation After adjustment for age, gender, ethnicity,
2007 multiple cross- | age 25-74 y, in the between various types of food stores | SES, smoking, physical activity, and nutrition
sectional Stanford Heart and BMI. Data on distance to and knowledge:
Disease Prevention density of chain supermarkets, grocerys  Among women only, closer proximity to
Program surveys stores, ethnic markets, convenience supermarkets and ethnic markets was
stores, and fast-food restaurants wereg associated with lower BMIR<0.05
obtained from the California State each). No associations were seen in men.
Board of Equalization and telephone | « Proximity to grocery stores and
business directories for the relevant convenience stores and density of each of
years. Data on BMI and other these types of stores were not
individual factors were obtained from 5 significantly associated with BMI.
crosssectional surveys conducted « See the separate section in this Table
between 1979 and 1990. (below) for findings related to fast-food
restaurants.
Lopez, Observational, | N=15,358 1998-2002 This study examined the relation After adjusting for age, sex, race/ethnicity,
2007 cross-sectional | participants in the between neighborhood presence of a| education, income, smoking status, populatjon
Massachusetts supermarket and fast-food density and density, median income, establishment
BRFSS obesity. ZIP code level data were density, and employment density:
obtained from the 2000 US Census anc  The presence of a supermarket was
the 2001 County Business Patterns. associated with lower risk of obesity
BMI was calculated based on self- (OR=0.89; 95% ClI, 0.82, 0.98).
reported height and weight. « See the separate section in this Table
(below) for findings related to fast-food
restaurants.
Powell et al, | Observational, | N=73,079 8th and | 1997-2003 This study examined the relation After adjusting for age, gender, race/ethnicity,
2007°% cross-sectional | 10th grade students between per capita availability of chain grade, parents’ education, neighborhood
in the nationwide supermarkets, nonchain supermarkets,designation (rural, urban), student income,
US Monitoring and convenience stores, and grocery storesweekly hours of work by the student, mothef’s
Future study and weight status among children. employment status (part-time or full-time),
Individual-level data came from the presence of restaurants and fast-food
study, and food store data were restaurants, prices of fast food and fruits and
obtained from Dun and Bradstreet vegetables, and neighborhood per capita
business lists. BMI was calculated fromincome:
self-reported weight and height. e The density of chain supermarkets per
10,000 capita was inversely associated
with BMI (f=-0.1093,P<0.01) and
overweight p=-0.0059,P<0.05).
» Greater density of convenience stores was

associated with higher BMB£0.0295,




P<0.05) and overweighf3€0.0015,
P<0.05).

The association between supermarket
availability and weight was larger for
black children =—0.3187,P<0.01) vs
white (3=—0.0959,P<0.01) or Hispanic
children 3=-0.0898,P<0.1).

No association was found between the
availability of nonchain supermarkets alr
grocery stores and BMI.

Liu et al, Observational, | N=7334 children, 2000 This study evaluated the relation After adjusting for age, race, gender, and
2007% cross-sectional | age 3-18 y, who between proximity of home to a median family income of the neighborhood:
visited for child- supermarket, grocery store, » Greater distance to the nearest
wellness care in 7 convenience store, and fast-food supermarket was associated with highe
urban primary care restaurant and prevalence of overweight risk overweight only in children living in
clinics in Marion (BMI >95th percentile). Data on food lower-population density regions (OR:
County, Indiana establishments and categorization wefe  1.04;P=0.03).
obtained from hygiene grading « No significant associations were seen
conducted by the Marion County Health  between distance to the nearest grocer
Department. Data from the 2000 US store or convenience store and prevale
Census were used to classify of overweight in either high or low
participants’ residence as high605 population density neighborhoods.
persons/krf) or low (<695 « See the separate section in this Table
persons/krf) population density. (below) for findings related to fast-food
restaurants.
Moore et al, | Observational, | N=2384 adults, age | 2004 This study assessed the relation After adjustment for age, sex, race, and per
2008 cross-sectional | 45-84 y, in the between local food environment and | capita income:
MESA cohort diet quality. Food environmentwas | «  Living in a neighborhood with no

characterized by density of
supermarkets within 1.6 km of home,
participants’ reports of the availability
of healthy foods in the neighborhood,
and a measure of the availability of
healthy foods created by aggregating
the perceptions of non-MESA
participants living in the participants’
neighborhoods. Supermarket data we
obtained from InfoUSA (Papillion,
Nebraska). An FFQ was used to
develop 2 dietary measures, including
the AHEI and the empirically derived
FPM diet pattern. A healthy diet was
defined as scoring in the top quintile g
AHEI or the bottom quintile of FPM.

re

supermarkets within 1.6 km of home
compared with living in the neighborhog
with >2.2 supermarkets near home was
associated with a 25% lower probability]
of having a healthy diet based on AHEI
(RR=0.75; 95% CIl, 0.59-0.95) and a 46
lower probability of having a healthy die|
based on FPM (RR=0.54; 95% ClI, 0.42
0.70).

On the basis of participant or informant
reports, living in a neighborhood with th
lowest availability of healthy food was
associated with 22%-35% lower
probability of having a healthy diet by
either diet patternR<0.05), compared
with living in a neighborhood with the

nd
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highest availability of healthy food.

nts

nts

Wang et al, | Observational, | N=5779 participants| 1981-1990 This study examined the overall trends  From 1981 to 1990, the total number arj
2008% overall cross- | age 25-74 vy, in the in number and density of neighborhodd  density of stores per neighborhood selling
sectional trends Stanford Heart food stores, food consumption sweets, pizza, and fast food each

Disease Prevention behavior, and prevalence of overweight.  increased®<0.05 for each).

Program surveys Individual-level data came from « Overall increases in the number and/or
participants in 1 of 4 cross-sectional density of stores that sold sweets,
surveys between 1981 and 1990 in 4 doughnut shops, small grocery stores, and
mid-sized cities in California. Food convenience stores paralleled overall
store data came from the California increases in the percentage of participa
State Board of Equalization and reporting consumption of sweets and
telephone business directories for the other preprepared foods.
same years. Diet was assessed by a | «  Overall increases in fast-food restaurants
limited interviewer-administered 24-h did not correspond with an increase in the
recall. Notably, only overall analyses overall percentage of participants
(the whole region combined), rather reporting consumption of fried foods,
than neighborhood-level analyses, were  \which showed decreases of 32% for
performed. women and 20% for men.

* The percentage of overweight participa
increased 13% in women and 7% in me
Murakami et | Observational, | N=990 female 2006-2007 Neighborhood food-store availability | After adjustment for household SES,
al, 200§ cross-sectional | students age 18-22 and individual food intake were geographic variables, and frequency of eati
studying dietetics at evaluated in a group of young Japaneseut:

15 institutions in women. The number of all food store§ «  Neighborhood store availability (density,

Japan serving different types of foods withina  for confectioneries and bread was
1-km mesh-block of residence was positively associated with intake of
derived from the census of commerce, confectioneries and bread.

Dietary intake was estimated using a | «  No significant independent association
validated, self-administered diet-history  was seen between neighborhood store
questionnaire. availability for the other foods examined
including meat, fish, fruits and
vegetables, or rice.
Rundle et al, | Observational, | N=13,102 adults 2000-2002 Geocoding was used to assess the | After adjustment for age, sex, race/ethnicity|
2009°° cross-sectional | living in New York density of healthy food outlets education, neighborhood sociodemographig

City

(supermarkets, fruit and vegetable
markets, natural food stores) within 0.
km of home. BMI was measured.

Be

characteristics, and population density:

Greater density of healthy food outlets
was associated with lower BMI.
Comparing quintile 5 vs 1 (median
density 11 vs 0 stores/Knthe adjusted
BMI difference was 0.8 kg/fm(P=0.003),
the prevalence ratio of overweight was
0.94 (95% Cl, 0.88, 1.01), and the
prevalence ratio of obesity was 0.87

(0.78, 0.97).




Jilcott et al, | Observational, | 3106 counties in all | 2007-2009 The USDA ERS Food Environment | After adjustment for county-level race, age,
2017% cross-sectional | 50 states market/store Atlas was used to map per capita median income, and natural amenities
data, 2006- farmers’ markets, grocery (topography, climate, water access):
2008 BRFSS | stores/supermarkets, and supercenterss  Per capita density of grocery
data in each county. County prevalence of stores/supermarkets was inversely
adult obesity was also obtained from associated with obesity, especially in
the Atlas, based on BRFSS. Results metro counties in which each
were stratified by whether the county 24.3/100,000 greater stores was
was rural (no cities with >50,000 associated with 0.59% lower obesity
residents) or metropolitan (all others). (P<0.001).

» Per capita density of supercenters was
inversely associated with obesity: per
each 1.7/100,000 greater stores, obesity
prevalence was 0.08% lowd?=<0.004).

 When all 3 types of outlets were
considered together, densities of grocefy
stores/supermarkets and supercenters put
not farmers’ markets, were independently
associated with lower obesity.

Chen et al, Simulation N=3550 residents in| 2005 This study simulated the effect on BM] «  The addition of 5 new grocery stores in
2010 study 5 poor of a policy to increase the number of this county would favorably affect the
neighborhoods of new chain grocery stores in 5 poor BMI of =302 residents by changing the
Marion County, neighborhoods. Data on participants’ number of such stores within 1.6 km of
Indiana, from the weight, shopping and eating habits, use  residents’ homes.
Marion County of trails and recreation areas, and «  Persons living closest to the new storeg
Health Department geographic identifiers came from the would be affected most.
Obesity Needs survey, and data on chain grocers came  Among these 302 affected residents, the
Department’s health safety inspection stores was predicted to decrease BMI by
records. The effect on BMI of 0.43 kg/m (P<0.05).
introducing new chain grocery stores |n
previously underserved neighborhoods
was estimated from a prior negpeer-
reviewed analysis by the authors on
observed links between grocery stores
and BMI.
Boone- Observational, | N=5115 young US | 1985-1986 to | This prospective study examined the | After adjustment for individual
Heinonen et | longitudinal adults, age 18-30, in 2000-2001 relation of neighborhood fast-food sociodemographic factors, neighborhood
al, 2017 the CARDIA cohort chain, supermarket, and grocery storg poverty, and sex:
density (counts per population) with | «  Supermarket and grocery store density
fast-food intake, diet quality, and fruit were generally unrelated to diet quality pr

and vegetable intake, using linked tim
varying GIS within 1, 1-3, 3-5, and 5-8
km of home.

e_

fruit and vegetable intake.
See the separate section in this Table

(below) for findings related to fast-food




restaurants.

Leung et al,
201F%°

Observational,
longitudinal

N=353 girls, age 6-7
y, recruited from a
health maintenance
organization in
Northern California

2005-2008

This prospective study examined the
relation of neighborhood food stores
with 3-y risk of overweight/obesity and e
change in BMI. Per capita density of
food stores was identified from 2006
data from InfoUSA, a commercial
database. Stores were classified
according to industry codes into 9
separate categories, including
convenience stores, drug stores, fast-
food outlets, farmers’ markets, full- .
service restaurants, small grocery
stores, specialty stores, specific food
store venues, and supermarkets.
Neighborhoods were assessed at 0.4
and 1.6-km buffers around homes. BM
was measured.

After adjustment for baseline BMI/weight an
family sociodemographics:

Among the 9 types of stores evaluated
within a 0.4-km buffer, availability of
convenience stores was associated witl
higher risk of overweight/obesity
(OR=3.38; 95% ClI, 1.07, 10.7) and an
increase in BME score $=0.13; 95% Cl,
0.00, 0.25). No other significant
associations were seen.

Among the 9 types of stores evaluated
within a 1.6-km buffer, availability of
farmers’ markets was inversely associa
with overweight/obesity (OR=0.22; 95%
Cl, 0.05, 1.06) but not with change in
BMI z score P>0.10). No other
significant relations were seen.

Accessibility to Fast-Food and Full-Service Restaants

Author, y Design Population Duration Intervention/Evaluation Major Findings
Morland et Observational, | N=2392 black and | 1993-1995, This study evaluated the relation » Fast-food restaurants were evenly
al, 2002% cross-sectional | 8231 white 1999 between local food environment and dispersed across neighborhoods.
participants, age 49- intakes of selected foods and nutrients..  No significant associations were seen
73y, in the ARIC Food environment was characterized py  between the presence of fast-food or fu
cohort the number of supermarkets, grocery service restaurants and these dietary
stores, full-service restaurants, and fast- metrics in either blacks or whites.
food restaurants located in the residence  See the separate section in this Table
census tract of participants (Maryland (above) for findings related to
North Carolina, Mississippi, and supermarkets and grocery stores.
Minnesota), based on data from local
health departments and state
departments of agriculture in 1999.
Dietary intakes were estimated by
semiquantitative FFQ in 1993-1995.
Evaluated dietary metrics included
daily consumption of2 servings of
fruits, >3 servings of vegetables300
mg of cholesterok30% energy from
total fat, andc10% energy from
saturated fat.
Burdette et | Observational, | N=7020 low-income| 2001 This study evaluated the relation * The distance (meanSD) to the nearest]

al, 2004%

cross-sectional

preschool children,

between proximity of residence to fast

fast-food restaurant was similar in

o

ted



age 3-6 y, enrolled
in the WIC program
in Cincinnati, Ohio

food restaurants and prevalence of
overweight (BMI>95th percentile).
Height and weight were measured at t
most recent WIC visit. Fast-food
restaurant locations were obtained fro
US Yellow Page listings. ArcView wag
used to geocode residence and fast-fc
restaurants.

m

pod

overweight (1.12+0.64 km) vs
nonoverweight (1.10+0.61 km) children
(P=0.91).

56.0% of overweight children lived in a
neighborhood with a fast-food restaurar
whereas 55.5% of nonoverweight
children lived in a neighborhood with a
fast-food restauranPE0.84).

—

Simmons et
al, 2008%

Observational,
cross-sectional

N=1454 residents of
randomly selected
households in
Australia

2001-2003

This study examined the relation
between availability of take-out and
fast-food restaurants and obesity.
Restaurants were mapped through
direct observation and use of the loca
telephone directory. The per capita
density of local take-out and dine-in
fast-food restaurants (number per 100
population) was calculated using the
2001 census population in each town.
BMI was calculated from measured
height and weight. The food
environment was assessed separately
for regional centers, large rural towns,
and small rural towns.

No significant associations were found
between the density of take-out and din
in fast-food restaurants and prevalence
obesity.

of

Jeffery et al, | Observational, | N=1033 Minnesota | Not provided This study evaluated the relation After adjustment for age and education:
2006 cross-sectional | residents from a between living or working near various « A significant inverse relation was
random digit-dial types of restaurants and BMI. GIS observed between the number of fast-
telephone survey methodology was used to calculate the food, nonfast-food, and total restaurant
total number of restaurants and the within 3.2 km of work and BMI in men
number of fast-food restaurants within (fast food:pp=-0.029,P=0.008;
0.8, 1.6, and 3.2 km of home and work.  non-fast food:35=-0.022,P=0.01; total:
BMI was determined by self-reported B3=-0.005,P=0.01) but not women.
height and weight. * No significant relations were seen
between the number of restaurants near
home and BMI in men or women.
Jago et al, Observational, | N=204 Boy Scouts, | 2003 This study evaluated the relation After adjustment for BMI, age, parental
2007%® cross-sectional | age 10-14 vy, between distance to food and education, and ethnicity:

recruited from 36
troops within the
greater Houston,
Texas area

restaurant outlets and fruit and
vegetable consumption. A buffer
with a 1.6-km radius was created
around each participant’s home, and
council public health records were
used to calculate distance to the
nearest food establishment. An FFQ
was used to assess consumption of

Living closer to a fast-food restaurant wj
associated with higher consumption of
high-fat vegetablesP0.003) and fruit
and juice P=0.006).

No significant associations were seen
between distance to cafeterias or full-
service restaurants and fruit and vegetad

ble

consumption.




fruits, juice, and vegetables.
Vegetables were evaluated in 2
groups, including “higher-fat”
vegetables (potatoes, french fries,
and coleslaw) and other (“lower-
fat”) vegetables.

e See the separate section in this Table
(above) for findings related to
supermarkets and convenience stores.

=]

—

Wang et al, | Observational, | N=5795 participants| 1979-1990 This study assessed the relation After adjustment for age, gender, ethnicity,
2007* multiple cross- | age 25-74 y, in the between various types of food stores | SES, smoking, physical activity, and nutritio
sectional Stanford Heart and BMI. Data on distance to and knowledge:
Disease Prevention density of chain supermarkets, grocerye  Proximity to and density of fast-food
Program surveys stores, ethnic markets, convenience restaurants were not significantly
stores, and fast-food restaurants wereg associated with BMI.
obtained from the California State » See the separate section in this Table
Board of Equalization and telephone (above) for findings related to
business directories for the relevant supermarkets, ethnic markets, grocery
years. Data on BMI and other stores, and convenience stores.
individual factors were obtained from 5
crosssectional surveys conducted
between 1979 and 1990.
Lopez, Observational, | N=15,358 1998-2002 This study examined the relation After adjusting for age, sex, race/ethnicity,
2007 cross-sectional | participants in the between fast-food density (stores per| education, income, smoking status, populat
Massachusetts square kilometer) and presence of a | density, median income, establishment
BRFSS supermarket in the neighborhood and| density, and employment density:
obesity. ZIP code level data were » Fast-food density was not associated wj
obtained from the 2000 US Census and  obesity (OR=1.00; 95% Cl, 0.92, 1.01).
the 2001 County Business Patterns. | «  See the separate section in this Table
BMI was calculated based on self- (above) for findings related to
reported height and weight. supermarkets.
Liu et al, Observational, | N=7334 children, 2000 This study evaluated the relation After adjusting for age, race, gender, and
2007% cross-sectional | age 3-18 vy, visited between proximity of home to a median family income of the neighborhood:
for child-wellness supermarket, grocery store, » No significant associations were seen
care in 7 urban convenience store, and fast-food between distance to the nearest fast-fo
primary care clinics restaurant and prevalence of overweight restaurant and prevalence of overweigh
in Marion County, (BMI >95th percentile). Data on food in either high or low population density
Indiana establishments and categorization wefe  neighborhoods.
obtained from hygiene grading « See the separate section in this Table
conducted by the Marion County Health  (above) for findings related to
Dept. The 2000 US Census data werg supermarkets, grocery stores, and
used to classify participants’ residencés  convenience stores.
as high population density§95
persons/krf), or low population density
(<695 persons/kA).
Mehta and Observational, | N=714,054 US 2006-2007 This study examined the relation After adjustment for age, age-squared, gen
Chang, cross-sectional | adults in the BRFSS between restaurant environment and | race/ethnicity, education, smoking status,

ler,




2008

a nationally
representative
sample of the
noninstitutionalized
adult population age
18+y

BMI across counties in the United
States. Restaurant environment was
measured by per capita fast-food and
full-service restaurant density (numbe
per 10,000 individuals) and ratio of
fast-food to full-service restaurants.
Individual data came from the 2002-
2006 BRFSS. Restaurant data came
from the 2002 US Economic Census.

household income, and county-level variabl
(population size, median household income
percentage of adults with a high school

r diploma):

Higher BMI was seen with higher fast-
food restaurant densitf£0.09; 95% Cl,
0.02-0.16;P<0.05) and a higher ratio of
fast-food to full-service restaurants
(B=0.20; 95% ClI, 0.12-0.2R<0.001).
Lower BMI was seen with higher densit
of total restaurant3€-0.22; 95% Cl,
—0.30-0.14;P<0.001) and full-service
restaurants{=—0.32; 95% CI;-0.40-
0.24;P<0.001).

Higher risk of being obese was associa
with density of fast-food restaurants
(OR=1.05; 95% Cl, 1.02-1.08) and a
higher ratio of fast-food to full-service

restaurants (OR=1.08; 95% CI, 1.05-1.1

were associated with.

Lower risk of being obese was associat
with higher density of total restaurants
(OR=0.94; 95% ClI, 0.91-0.96) and full-
service restaurants (OR=0.89; 95% ClI,
0.87-0.92).

ed

~

o

pasS

Spence et al,| Observational, | N=2900 participants| 2002 This study examined the relation After adjustment for age, sex, education, an
2009 cross-sectional | age 18+, in between relative availability of and neighborhood SES index:
Edmonton, Canada, distance to different types of *  RFEI within 800 m of home was
in the Population neighborhood food retail stores and associated with obesity: residents of arg
Health Survey obesity. Data on food outlets came frgm  with the lowest RFEI (<3.0) had a lower
the Health Inspection division of prevalence of obesity than residents in
Capital Health and the Alberta First areas with the highest RFEI (5.0+)
Business Directory. An RFEI was (OR=0.75; 95% ClI, 0.59, 0.94).
calculated based on the ratio of the
number of fast-food restaurants plus
convenience stores divided by the
number of grocery stores. Buffers of
800 m and 1600 m were evaluated
around participants’ postal codes. BM
was calculated from self-reported height
and weight.
Li et al, Observational, | N=1221 adults, age | 2006-2007 This study examined the relation After adjustment for age, gender, education
2009 cross-sectional | 50-75y, ina between fast-food restaurant density | household income, employment status, hon

regionally

and individual-level behaviors and

ownership, alcohol and tobacco use, fruit an

ne

d




representative
sample of 120
neighborhoods in
Portland, Oregon

obesity. BMI, eating-out behavior,
eating self-efficacy, fried food
consumptionfruit and vegetable intake
physical activity, and sociodemograph
characteristics were assessed at in-
person interviews. Fast-food restaurat
data came from commercial business
data at InfoUSA.

n

vegetable intake, fried food consumption, a

neighborhood characteristics (land-use mix
, residential density, median household incon
igercentage of non-Hispanic black residents

percentage of Hispanic residents):

te

nd

Residents of high-density fast-food
restaurant neighborhoods who also
regularly visited fast-food or buffet
restaurants (1-2 times per week) were
more likely to be obese than those living
in low-density fast-food restaurant
neighborhoods (OR=1.9; 95% ClI, 1.01-
3.5,P<0.05).

Compared with low-density fast-food
restaurant neighborhoods, residents of
high-density fast-food restaurant
neighborhoods were more likely to repart
low self-efficacy in eating healthy food
(OR=1.21; 95% Cl, 1.06, 1.32<0.005)
and to not meet recommended levels of
physical activity (OR=1.79; 95% ClI,
1.01, 3.19P<0.05).

Currie et al,
2009

Observational,
cross-sectional

3.06 million 9th
grade children in
California public
schools; and
pregnant women in
Michigan, New
Jersey, and Texas

Children
Study:

1999 and 2001
2007

Pregnant
Woman Study:
1989-2003

This study evaluated the relation
between fast-food restaurants and
obesity among 9th grade children and
pregnant women. Data on children
came from the California public
schools; data on schools (percentage
black, white, Hispanic, and Asian;
percentage immigrant; pupil/teacher
ratios; fraction eligible for free lunch,
etc) came from the National Center fo
Education Statistics Common Core of
Data. Data on census block of the
school (median earnings, percentage
with a high-school degree, percentage
unemployed, percentage urban) came
from the 2000 US Census. Data on
pregnant women came from Vital
Statistics birth data in 3 states, with
restaurant data from the NETS
Database. Availability of fast-food or
other restaurants was assessed within
0.16, 0.4, and 0.8 km of either the
school or the mother’s residence.

r

After adjusting for school-level variables,
census block variables, and year effects:

Among 9th grade children, the presence
of a fast-food restaurant within 0.16 km
of a school was associated with a 5.2%
higher risk of obesity.

Among pregnant women, the density of]
fast-food restaurants within a 0.8-km
radius of home was associated with a
2.5% higher probability of gaining >20
kg during pregnancy.




Davis etal, | Observational, | N=529,367 middle | 2002-2005 This study evaluated the relation After adjustment for student-level
20092 cross-sectional | school and high between proximity of fast-food characteristics (age, gender, grade,
school students in restaurants to schools and obesity race/ethnicity, physical activity), school-leve
the California among middle school and high school characteristics (school type, percentage of
Healthy Kids Survey| students in California. Individual-level| students eligible for free or reduced-price
data came from the survey, school datameals, school enroliment, indicators for
came from the California Department pkchool location types), county indicators, an
Education, and data on fast-food survey wave:
restaurants came from Microsoft Streets  Students with a fast-food restaurant
and Trips, with restaurant brands within 0.8 km of their school were more
classified as “top limited-service likely to be overweight (OR=1.06; 95%
restaurants” by Technomic Inc. Cl, 1.02, 1.10P<0.01) and obese
(OR=1.07; 95% ClI, 1.02, 1.1P<0.01).

»  After further adjustment for the presenc
of nearby gas stations, motels, and
grocery stores, attending a school withi
0.8 km of a fast-food restaurant was
associated with a 0.13-unit increase in
BMI (95% CI, 0.05, 0.20P<0.01).

Richardson | Observational, | N=13,150 young US| 2001-2002 This study evaluated the relation of | After adjustment for individual and
et al, 2013 | cross-sectional | adults, age 18-28y, neighborhood fast-food availability and neighborhood characteristics:
in the nationally frequency of self-reported fast-food | « No significant association was seen in
representative consumption. rural, low-density urban, or high-density|
National urban areas.
Longitudinal Study
of Adolescent
Health
Sturm et al, | Observational, | N=6918 participants| 4 y, 1998-2002| This study evaluated the relation After adjusting for BMI, birth weight, family
20057 longitudinal age 7, in the between density of grocery stores, income, sex, mother's education, and
ECLS-K in 59 convenience stores, fast-food race/ethnicity:

metropolitan areas i
37 states

N

restaurants, and full-service restauran
in a child’s neighborhood (home and
school ZIP codes) and changes in BM
Individual-level data were obtained
from the cohort. Data on per capita
numbers of grocery stores, convenien
stores, full-service restaurants, fast-fo
restaurants, ratio of grocery stores to
convenience stores, and ratio of full-
service restaurants to fast-food
restaurants in the residence ZIP code
were obtained from the US Census
Bureau's 1999 ZIP Code Business
Patterns files.

t®  The per capita number of fast-food
restaurants was associated with a
l. nonsignificant trend toward faster BMI
gain P<0.10).
* BMI change over 3 y was not
ce significantly associated with density of
pd  full-service restaurants.
» See the separate section in this Table
(above) for findings related to grocery
stores and convenience stores.




Li et al, Observational, | N=1145 adults, age | 2006-2007 to | This prospective study examined the | After adjustment for neighborhood and
2009° longitudinal 50-75y,ina 2007-2008 relation of fast-food restaurant density individual characteristics:
regionally @y and individual-level behaviors with « Residents of high-density fast-food
representative obesity, including weight and waist neighborhoods who made weekly visits
sample of 120 circumference. Data on fast-food fast-food restaurants experienced more|
neighborhoods in restaurants came from InfoUSA. increase in weight (+1.40 k§<0.05)
Portland, Oregon Covariates included neighborhood and waist circumference (2.06 cm,
characteristics (residential density, P<0.05) over time, compared with
median household income, percentage residents of low-density fast-food
of non-Hispanic black residents, neighborhoods or those who did not ma
percentage of Hispanic residents) and weekly visits to fast-food restaurants.
individual characteristics (age, gender,
education, household income,
race/ethnicity, tobacco use, employment
status, health status, baseline values of
BMI, weight, and waist circumference).
Anthropometrics were objectively
measured at baseline and follow-up.
Boone- Observational, | N=5115 young US | 1985-1986 to | This prospective study examined the | After adjustment for individual
Heinonen et | longitudinal adults, age 18-30, in 2000-2001 relation of neighborhood fast-food sociodemographic factors, neighborhood
al, 2017 the CARDIA cohort chain, supermarket, and grocery storg poverty, and sex:
density (counts per population) with | «  Fast-food store density was associated
fast-food intake, diet quality, and fruit with fast-food consumption among low-
and vegetable intake, using linked timg-  income respondents, especially at 1-3 k
varying GIS within 1, 1-3, 3-5, and 5-8 among men.
km of home. « See the separate section in this Table
(above) for findings related to
supermarkets and grocery stores.
Leung et al, | Observational, | N=353 girls, age 6-7| 2005-2008 This prospective study examined the | After adjustment for baseline BMI/weight an
2017%° longitudinal y, recruited from a relation of neighborhood food stores | family sociodemographics:

health maintenance
organization in
Northern California

with 3-y risk of overweight/obesity ang
change in BMI. Per capita density of
food stores was identified from data
from 2006 InfoUSA, a commercial
database. Stores were classified
according to industry codes into 9
separate categories, including
convenience stores, drug stores, fast-
food outlets, farmers’ markets, full-
service restaurants, small grocery
stores, specialty stores, specific food
store venues, and supermarkets.
Neighborhoods were assessed at 0.4
and 1.6-km buffers around homes. BN

f

was measured.

Within both a 0.4- and 1.6-km buffer,
neither fast-food outlets nor full-service
restaurants were associated with 3-y rig
of overweight/obesity or change in BiI
score.

See the separate sections in this Table
findings related to supermarkets and
grocery stores (above) and farmers’
markets (below).
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Alter and Observational, | 380 geographical 2001 This study examined the relation After adjustment for age, gender, and SES:
Eny, 2008™ | cross-sectional | regions (Forward between interregional differencesin | «  Total mortality and admission for acute
Sortation Area) in fast-food concentrations and variations coronary syndromes were higher in
Ontario, Canada in all-cause mortality and acute regions with greater concentrations of
coronary syndromes. Electronic publig fast-food restaurants. Each additional
access files from 2001 were used to fast-food restaurant per 100,000 peopls
identify 1630 fast-food restaurants from  was associated with 1 additional death
9 leading fast-food chains in 380 100,000 P<0.001).
regions throughout Ontario. Per capita «  These relationships were similar in both
density of fast-food restaurants per high- and low-income communities.
region was calculated. Regional per
capita total mortality and acute
coronary syndrome hospitalization rates
were obtained using 2001 vital statistics
data and hospital discharge data.
Accessibility to Farmers’ Markets
Reference Design Population Duration Intervention/Ealuation Major Findings
McCormack | Systematic 12 US studies Studies » 7 studies were on the FMNP for | FMNP cross-sectional:
et al, 2018" | review of peer- | evaluating farmers’ | published women enrolled in WIC, including| * The National Association of FMNP foun
reviewed US markets and various| between 4 cross-sectional observational that among WIC participants from 30
studies of diet-related January 1980 studies and 3 quasi-experimental WIC program centers enrolled in FMNP|
farmers’ outcomes, including| and January studies (pre-/postintervention, (N=24,800), 73% reported eating more
markets or fruit and vegetable | 2009 nonrandomized, with control fresh produce because of the farmers’
community intake (most studies group). market vouchers.
gardens or other foods/drinks « 5 studies were on farmers’ market «  Kropf et al found that WIC participants

(1 study). No
identified studies
evaluated adiposity.

programs for seniors, some funded

by the USDA SFMNP, including 3
cross-sectional observational
studies and 2 quasi-experimental
studies (pre-/postintervention).

enrolled in FMNP (who received $18 peg
recipient per season in farmers’ market
coupons) reported eating slightly more
vegetables (2.2 vs 1.9 servings per day
P=0.04), but not fruitP=0.77) than WIC
participants not enrolled in FMNP
(N=1075).

Similarly, Galfond et al found that WIC
participants who received farmers’
market coupons reported higher averag
fruit and vegetable intake than those wh
didn’t receive coupons (N=2725).

A 4th study evaluated only perceived
food security.

FMNP quasi-experimental:

2 of 3 studies (N=455, N=216, N=603)

=

[}

showed increased fruit and vegetable




consumption among WIC participants
who were given farmers’ market coupor
compared with controls. One successfu
intervention provided $20 once and the
other $10 per week for 6 mo. The
intervention showing no effect provided
$10 once.

Senior farmers’ market cross-sectional:

» 3 small cross-sectional surveys (N=658
N=300, N=124) found that program
participants reported greater intention tq
eat more fruits and vegetables or
attendance at farmers’ markets becauss
the program (coupons ranging from $5
$50 once). No controls.

Senior farmers’ market quasi-experimental:

» Both studies evaluated provision of freg
market baskets to homes, which does n
test neighborhood availability of farmers
markets.

4 additional studies on community gardens
were identified, as summarized in the next
section of this Table, below.

NS,

Racine et al,
2016%°

Observational,
cross-sectional

N=179 black women
who were pregnant
and enrolling in
WIC in Washington,
DC (N=71), which
offers theFMNP, or
Charlotte, NC
(N=108), which
does not

May-June
2007

Women were surveyed about past
participation and dietary habits.

Adjusting for city of residence, women who
reported prior participation in the FMNP
reported higher intake of fruits and vegetabl
(P<0.01).

Freedman et
al, 2017*

Quasi-
experimental

(pre-
/postinterventio

n)

N=221 adults or
children
participating in a
local farmers’
market initiative
who completed at
least 1 survey

June-August
2008

34 farmers’ markets (average 2 h per
week) were held at 4 Boys and Girls
Clubs over 1 summer. Educational
programs were held at the clubs, yout
were directly involved in setting up an
running each farmers’ market, and
food-related field trips were taken.
Vouchers (up to $20) were provided tg
community members for use at the
markets. Effects on attitudes were
assessed by surveys.

D

» Participants reported positive attitudes
about the farmers’ markets as both a
learning opportunity and exposure to
fresh foods for children.




Jilcott et al, | Observational, | 3106 counties in all | 2007-2009 The USDA Food Environment Atlas | After adjustment for county-level race, age,
2016° cross-sectional | 50 states market/store was used to map per capita farmers’ | median income, and natural amenities
data, 2006- markets, grocery stores/supermarkets, (topography, climate, water access):
2008 BRFSS | and supercenters in each county. * No significant associations were seen for
data County prevalence of adult obesity was  farmers’ markets overall. In rural
also obtained from the Atlas, based on counties, per capita density of farmers’
BRFSS. Results were stratified by markets was inversely associated with
whether the county was rural (no cities obesity: per each 7/100,000 greater
with >50,000 residents) or metropolitan  farmers’ markets, obesity prevalence was
(all others). 0.07% lower P=0.049).

* When all 3 types of outlets were
considered together, densities of
stores/supermarkets and supercenters, |but
not farmers’ markets, were independently
associated with lower obesity.

» Findings for grocery stores/supermarkets
and supercenters are described above |n
this same Table, in the section on
supermarkets, grocery stores, and
convenience stores.

Salois, Observational, | Ecological (county- | 2007 The USDA Food Environment Atlas | After adjustment for county-level race,
2017 cross-sectional | level) analysis was used to map per capita density of median income, poverty, recreational and
including 3051 farmers’ markets, grocery stores, fithess centers, natural amenities, travel
counties in all 50 supermarkets, supercenters, fast-food distance/challenges, direct farm sales per
states outlets, and full-service restaurants in| capita, and each of the different food outlets:
each county. County prevalences of | « Per capita density of farmers’ markets
adult obesity and diabetes were also was inversely associated with prevalent
obtained from the Atlas, based on diabetes but was not significantly
BRFSS. associated with prevalent obesity.

» Densities of fast-food outlets and
convenience stores were each associated
with higher diabetes, but not obesity.

» Density of full-service restaurants was
associated with lower obesity and
diabetes.

» Density of superstores was associated
with more obesity but not diabetes.

Leung et al, | Observational, | N=353 girls, age 6-7| 2005-2008 This prospective study examined the | After adjustment for baseline BMI/weight an
2017%° longitudinal y, recruited from a relation of neighborhood food stores | family sociodemographics:

health maintenance
organization in
Northern California

with 3-y risk of overweight/obesity ang
change in BMI. Per capita density of
food stores was identified from 2006
data from InfoUSA, a commercial
database. Stores were classified

o

Within a 0.4-km buffer, availability of
farmers’ markets was not associated with
risk of overweight/obesity or change in
BMI z score.

Within a 1.6-km buffer, availability of




according to industry codes into 9
separate categories, including
convenience stores, drug stores, fast-
food outlets, farmers’ markets, full-
service restaurants, small grocery
stores, specialty stores, specific food
store venues, and supermarkets.
Neighborhoods were assessed at 0.4
and 1.6-km buffers around homes. BM
was measured.

farmers’ markets was inversely associa

with overweight/obesity (OR=0.22; 95%

Cl, 0.05, 1.06) but not with change in
BMI z score P>0.10).

Convenience stores within 0.4 km were
associated with a higher risk of
overweight/obesity and increase in B&I
score (see that separate section in this
Table above).

No other significant relations were seen.

ted

Accessibility to Community Gardens

Author, y Design Population Duration Intervention/Evaluation Major Findings
McCormack | Systematic 4 US studies Studies Four observational studies were » Blair et al found that gardeners reported
et al, 2018 | review of peer- | evaluating published identified, and 3 of these are described eating more vegetables than
reviewed US community gardens | between below. The 4th study, by Blair et al, nongardeners.
studies and various diet- January 1980 | compared 144 gardeners with 67
related outcomes, | and January nongardeners in Pennsylvania.
including fruit and 2009
vegetable intake
(most studies) and
other foods/drinks (1
study)
Alaimo et al, | Observational, | N=766 adult 2003 This study examined the relation After adjustment for demographics,
2008 cross-sectional | residents of Flint, between household participation in a | neighborhood participation, and health
Michigan, identified community garden and fruit and characteristics:
by random phone vegetable consumption. Fruit and »  Adults with a household member who
survey vegetable intake was measured using participated in a community garden ate
the BRFSS questionnaire, and fruits and vegetables 1.4 more times pe
household participation in a community  day than those who did not participate,
garden was assessed by direct query and they were 3.5 times more likely to ¢
from the respondent. fruits and vegetables at least 5 times
daily.
Lackey et al, | Observational, | N=123 gardeners 1997 This study evaluated a university » Gardeners reported eating a greater
1998 cross-sectional | and 123 community program that included rental gardens, variety of vegetables and more vegetab

controls from a
community garden
sponsored by the
University of
Wisconsin
Cooperative
Extension

youth gardens, and gardens designed
for food pantry clientele. The

evaluation sample included at least 1
typical garden from each category with
a minimum of 15 easily accessible
clients. Qualitative data were collected
(document reviews, participant

servings compared with nongardeners.
Gardeners were also more likely than
nongardeners to agree with the stateme
“In the past 4 mo, | have eaten a balang
diet most days from the food pyramid
(which includes breads/cereals,

at

le

nt,
ed

fruit/vegetables, meat/fish/beans, and




observations at gardens, interviews w|
program stakeholders). Posttest surve
were administered to 123 gardeners
(79% were at least 18 y of age), and
123 matched nongardeners sampled
based on individual gardener
characteristics, geographic area, and
garden type. Participants self-reporteq
vegetable servings eaten in the previg
24 h.

th
ys

dairy products).”

Johnson and | Quasi N=61 community 2003-2004 This study evaluated a pilot program| «  More than half of gardeners reported
Smith, experimental garden participants that aimed to create and support a eating more fruits and vegetables while
2006 in Moses Lake, healthy environment through participating in the garden.
Washington development of a community garden, jas
well as walking trails and community
breastfeeding facilities. Evaluation
surveys were given to community
garden participants. Survey details and
data collection methods were not
described in detail.
In-Store Availability of Different Foods
Author, y Design Population Duration Intervention/Evaluation Major Findings
Cheadle et al] Observational, | N=6000 residents of| 2 cross- In-store surveys were conducted to In crude (unadjusted) analyses:
199313 serial cross- 11 communities in | sectional measure the percentage of shelf e Cross-sectionally, positive
sectional California and 1 surveys in space devoted to red meat, low-fat correlations were found between
community in 1988 and 1990| milk products, and dark breads. individuals’ consumption (days per
Hawaii Dietary intakes were assessed by week) and percentage of shelf space
telephone interview FFQ &/600 devoted to red meat<0.59,P=0.04),
residents in each community living reduced-fat milki=0.64,P=0.03),
in the same catchment area as these and dark bread£0.52,P=0.08).
stores. » No significant correlations were found
between changes in shelf space and
changes in dietary intake over time
between 1988 and 1990.
Fisher et al, | Observational, | N=503 randomly 1994-1996 This study examined the relation In crude (unadjusted) analyses:
1999 cross-sectional | selected stores of 53 between the proportion of low-fat » The proportion of low-fat milk in

ZIP codes and 250
randomly selected
residents of 19 of
these ZIP codes in 7
New York counties,
representing large

(skim or 1%) milk in food stores

and the presence of low-fat milk at
home. Surveys were conducted in
randomly selected stores from the
same areas as the residents to asses
the proportion of all milk on shelves

stores was directly related to the
presence of low-fat milk in
households (slope=0.81; 95% ClI,
0.58, 1.07).




metropolitan, mid-
size urban, and rura
areas

that was low-fat. Phone interviews
assessed the type of milk present or
usually present in the home
refrigerator.

Edmonds et | Observational, | N=172 black Boy Not reported This study evaluated the relation * In analyses adjusting only for census
al, 200%*° cross-sectional | Scouts, age 11-14 y between the boys’ consumption of tract black median income, restaurant
in Houston, Texas fruits, vegetables, and juice and availability of vegetables and fruit
local (census tract) availability in juices was significantly associated
grocery stores (absolute amount of with intake of these foods (partial
shelf space), restaurants (on the correlations=0.72 and 0.70,
menu), and their own homes. respectivelyP<0.05 each).

* In both crude (unadjusted) analyses
and full multivariable analyses, none
of the environmental predictors were
significantly associated with intake of
any of these foods.

Bodor et al, | Observational, | N=102 randomly 2001 This study examined the relation of | After adjustment for age, gender,
2008*° cross-sectional | selected households distance to and linear shelf space in | race/ethnicity, income, food assistance
in 4 contiguous neighborhood supermarkets and participation, car ownership, and distance
census tracts in fruit and vegetable consumption. to the nearest supermarket, associations
central New Telephone interviews and a were only seen for supermarkets very
Orleans, Louisiana modified 24-h recall instrument close (within 200 m) to home:
were used to assess fruit and *  When fresh vegetable shelf space was
vegetable consumption. >3 m, mean vegetable intake was
4.5+2.4 servings per day, compared
with 2.4+1.6 when there was no fresh
vegetable shelf spacB<0.05).

* No significant relation was found

between shelf space and fruit intake.
Auchincloss | Observational, | For person-level 2004 This study evaluated the relation of | After adjustment for age, sex, family
et al, 2008 | cross-sectional | data, N=2026 adults neighborhood resources with insulin | history of diabetes, income, and education:

age 45-84 vy, in the
MESA cohort; for
area-level data,
N=5988 adults
living in the same
geographic regions
in the Community
Survey

resistance (homeostasis model
assessment index). Data on person-
level factors were obtained from
clinic examination. Measures of

area resources were obtained from a
separate, population-based, random-
digit-dialing telephone survey.
Healthy food resources were derived
from self-reported responses to 3
questions (eg, “A large selection of
fresh fruits and vegetables is
available in my neighborhood”; “A
large selection of low-fat foods is

» Greater healthy food resources were
inversely related to insulin resistance,
with 15% lower insulin resistance
across the interdecile range (90th vs
10th percentile). The association was
no longer statistically significant after
adjustment for race/ethnicity.

» Findings for neighborhood physical
activity resources are described in
Supplementary Table 11.

» Greater physical activity resources
were inversely related to insulin
resistance, with 23% lower insulin




available in my neighborhood”); and
physical activity resources from 6
questions (eg, “My neighborhood
offers many opportunities to be
physically active”; “It is pleasant to
walk in my neighborhood”).

resistance across the interdecile range
(90th vs 10th percentile). The
association remained significant after
adjustment for race/ethnicity.

Rose et al,
20098

Observational,
cross-sectional

N=1243 residents of
the 28-county area
of southeastern
Louisiana

2004-2005

This study assessed shelf space for
fruits and vegetables and energy-
dense snack foods (candies, pastries,
cookies, sodas, and salty snacks) in
a random sample of 103 urban
census tracts in a 28-county area.
The neighborhood food
environment was evaluated at 500
m, 1 km, and 2 km, from
respondents’ homes. Random-
digit-dialed phone interviews
assessed self-reported height and
weight and other sociodemographic
variables.

After adjustment for age, gender,
race/ethnicity, income, education, and car
ownership:

Neighborhood shelf space for fruits
and vegetables was not associated
with BMI.

Neighborhood shelf space for energy-
dense snack foods, particularly within
1 km of home, was positively
associated with BMI. Each 10-m
increase in shelf space was associated
with 0.01 higher BMI P<0.05).

ARIC indicatesAtherosclerosis Risk in Communities; FFQ, food-freqcy questionnaire; RR, relative risk; Cl, confide interval; PIN, Pregnancy, Infection and Nudriti

study; USDA, US Department of Agriculture; RDA, oeemended daily allowance; Al, adequate intake; @Rls ratio; ECLS-K, Early Childhood Longitudinali8y—

Kindergarten Class; BMI, body mass index; CVD, @ardscular disease; SES, socioeconomic status; BRB&havioral Risk Factor Surveillance System; MEBWlti-Ethnic

Study of Atherosclerosis; AHEI, Alternate Healthgtiag Index; FPM, fats and processed meats; ER&dfoic Research Service; CARDIA, Coronary ArtergiRi

Development in Young Adults; GIS, geographical miation systems; WIC, Women, Infants, and ChildPeogram; SD, standard deviation; RFEI, Retail FEadironment

Index; NETS, National Establishment Time-Series;N/M Farmers Market Nutrition Program; and SFMNRi@eFarmers Market Nutrition Program.

Note: Reference numbers (eg, Morland et al, 2pappearing in this supplementary table corresputtithose listed in the reference section of tlagesnent. For the purposes
of this supplementary table, these meta-analyssgstematic reviews (see "Author, y" column) arasidered the primary citation. Additional studiesntioned in the primary

citation may be included in the "Intervention/Expas’ and "Findings" columns. The additional studias be accessed through the primary citation.




