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Abstract

Effects of Individual and Environmental Factors
on Intervention Efficacy and Participant Retention
in the American Cancer Society’s Study of Nutrition and Physical Activity

By Di H. Cross

Observational studies have demonstrated positive associations between individual
physical activity (PA) and environmental factors like increased access to parks, safer
streets, and dense, mixed use of surrounding land. Similarly, greater fruit and vegetable
consumption (FVC) has been observed to be associated with increased availability or
greater variety of healthy foods. However, a question of temporality remains unanswered
as studies documenting such associations have largely employed cross-sectional designs.
The few longitudinal studies that have been performed may still leave that question
unanswered, as the same associations would arise if individuals selected their
environments based on desired behaviors rather than if the environment caused the
behavior.

This dissertation aimed to address the question of temporality by examining
environmental-level characteristics with respect to loss to follow-up and differential
efficacy in a study of an intervention designed to modify PA and FVVC behaviors. This
was accomplished using baseline, and 3-, 6-, and 12-month follow-up data from the
American Cancer Society’s Nutrition and Physical Activity (NuPA) Study — a
randomized controlled trial of a low-intensity, telephone-administered counseling
intervention — and commercially-available databases of grocer and park locations, and
street connectivity.

The greatest intervention effect on F\VC was observed among participants with
the least access to grocers. The greatest intervention effect on PA was observed among
participants with the least access to parks. No consistent difference in intervention effect
was found across levels of street connectivity. No characteristics of the nutrition or
physical activity environment were associated with loss to follow-up.

Our findings suggest that participants with the least access to resources may
benefit the most from this low-intensity counseling intervention. This reveals a more
complex picture of the relationship between environment and behavior than previously
thought and suggests that even if access is poor, well-structured interventions can
overcome disparities in health behaviors. Furthermore, this dissertation demonstrates a
non-traditional use of randomized trial data in understanding problematic exposure-
outcome relationships. Replication of these analyses should be performed using data
from randomized trials of different interventions with emphasis placed on examining
patterns of intervention effects across levels of potential effect modifiers rather than on
evaluating statistical significance.
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Chapter 1: Introduction

Chronic Disease: Burden and Preventability

Among the 6 leading causes of death, four conditions — heart disease, malignant
neoplasms, cerebrovascular disease and diabetes mellitus — are related to obesity or
overweight or share the same cardio-metabolic risk factors of physical inactivity and poor
diet. Together, these four conditions were the primary cause for 57.7% of all deaths in
the United States in 2006." However, more than just contributing to mortality, these
conditions had a combined cost of $80 billion in health care expenditures and an
estimated $17.3 billion dollars in lost productivity in the U.S. based on data from 2000 to
2002. These figures excluded cardiovascular disease which, by itself, was estimated to
have incurred $448.5 billion in direct and indirect costs in 2008.>”
Low Physical Activity and Fruit and Vegetable Consumption as Risk Factors

Many of these health conditions are preventable and treatable with evidence
consistently pointing to low fruit and vegetable consumption (FVC) and physical activity
(PA) as risk factors.>®” For the prevention of chronic disease, current dietary guidelines
recommend 9 servings of fruits and vegetable (2,000 calorie reference).'® Physical
activity guidelines currently recommend at least 150 minutes/week of moderate-intensity,
or 75 minutes/week of vigorous-intensity aerobic exercise for substantial health benefits
including lowered risk of early death, heart disease, diabetes, colon and breast cancers,
and prevention of weight gain.!" However, based on 2005 BRFSS data, only 32.6% of
adults consumed fruit on two occasions or more per day and 27.2% ate vegetables three

or more times per day.'? Similarly, only 26.2% of US adults engaged in 30 minutes or



more of moderate intensity activity on 5 or more days per week or 20 minutes or more of
vigorous intensity activity per day on 3 or more days per week, the levels recommended
for prevention of chronic disease at the time."> Examined in combination, only 14.6% of
Americans engage in recommended amounts of both physical activity and diet
behaviors.'* Moreover, meaningful decreases in disease burden can be achieved with
only small changes in behavior, even at levels below the published guidelines.
Observational studies report a significant 4% decrease in the risk of coronary heart
disease with every 1 serving/day increase in FVC and a 6% decrease in cancer
incidence.'>'® Similarly for PA, an increase in 500 kcal/week energy expenditure — or
the equivalent of 1 hour of moderate-intensity aerobic activity per week for a 70 kg (154
Ib) individual — resulted in 6% decrease in the risk of non-insulin-dependent diabetes.'”'®
Efforts to change behavior, however, have been only moderately successful at
best. Mass campaigns designed to educate Americans about recommended levels of FVC
and PA for chronic disease prevention have not yielded meaningful changes in the
prevalence of FVC and PA behaviors, with some indications that PA may in fact be

. 1921
decreasing.

Individual-level interventions fare much the same. Despite the
introduction of behavioral interventions, which have included components such as social
support, guidance, and motivational techniques, randomized trials to increase PA to
predetermined levels have generally been unsuccessful, despite intense intervention

periods and high costs.****

Randomized trials for FVC behavior change have been
moderately successful, yielding increases of up to 1 serving/day of FVC in intervention

2528 Cge . . . .
arms compared to control. However, recidivism to pre-intervention levels remains a

problem based on findings from studies with follow-up extending past the intervention



period and because limited evidence has been provided of sustained intervention effects

past 9 months.***
Experts in the field have suggested that such individual-oriented approaches may

not be adequate to address behavior change.’**

This has partly been informed by
observational studies demonstrating associations between environmental factors and
individual levels of PA***! and diet or FVC.** Specifically, neighborhood qualities,
such as increased access to parks and recreational facilities, safer streets, and dense and
mixed use of surrounding land have been associated with greater PA, even after

controlling for individual-level characteristics* ™

, and access to healthful foods through
lower prices, increased availability, or greater variety has been shown to be associated
with increased FVC.

Although these studies demonstrate an association between environmental factors
and individual behaviors, it is not clear whether changing the environment would be
adequate for changing behavior. Studies documenting these associations have almost
exclusively employed cross-sectional designs, leaving the temporal relationship between

51,52

environment and behavior to be ambiguous. The few longitudinal studies that have

been performed may still leave the question of temporality unanswered, as individuals
might select their environments based on desired behaviors rather than vice versa.™
Furthermore, studies conducted with participants that are more racially and/or ethnically
homogeneous have not found associations between the physical environment and

54-56

individual behavior.

Research Objectives



Given the nature of environmental exposures, it would be difficult to conduct a

57,58
However,

randomized trial in order to provide a more satisfactory level of evidence.
it is possible to address whether environmental exposures are causal precursors to PA and
FVC behaviors by examining them as potential barriers to or facilitators of success within
a trial. The proposed research aimed to address limitations in the observational literature
implicating the environment as a determinant of individual behavior by examining the
built, physical environment as potential barriers to or facilitators of success among
participants in an intervention trial. As an additional advantage, this approach may also
identify defined populations where the examined intervention is differentially effective,
informing decisions regarding the allocation of resources for maximum impact on
population health.>

Potential explanations for the moderate to null effects observed in the randomized
trial literature are threefold:

1. Truly null effects
2. Unidentified modifiers of intervention effects
3. Informative or non-informative loss to follow-up

The first reason requires little explanation — estimates of intervention effects may
approach zero simply because the intervention, in truth, does not have an effect.

The second reason presents the possibility that there exist characteristics that
modify the intervention effect. When these characteristics are ignored, the apparent
intervention effect is averaged over the characteristics and may be attenuated and appear
to be null. This is supported by evidence from randomized trials which, despite

demonstrating limited overall effects, have identified more pronounced successes within



specific subpopulations usually identified by demographic variables. However, these

61,62 63,04

. . 60 . . 62.63 . .
variables — occupation”, psychological predictors” ", gender ", baseline behaviors™™",

age®%% education®, race/ethnicity®, ’marital status — are generally un-modifiable.
Although they can be used to identify sub-groups among whom the intervention may be
more successful they cannot be changed as a means of making the intervention more
effective and address the underlying public health problem. In contrast, environmental
factors may be changed at the population level through policy-change or legal
measures.”%

However, the same variables examined as potential effect modifiers are often
predictors of the health outcomes that are under study and are also predictors of loss to
follow-up, leading into reason number 3: both informative and non-informative loss to
follow-up. In the case of behavioral modification trials, this is particularly alarming
because some trials of PA change have reported up to 87% loss to follow-up.*
Substantial losses may result in significantly decreased power, but also call into question
the validity of the assumption of non-informative loss.”’ To the authors’ knowledge,
there have been no studies that have examined whether environmental characteristics
potentially related to individual behavior are also predictors of loss to follow-up. If the
environment is a causal precursor for behaviors which are the outcomes under study, it
would be prudent to assess whether they are also predictors of loss from the study and
address the magnitude and direction of biases that would result from these losses.

This research will be conducted using data from a subset of participants enrolled

in the American Cancer Society’s Nutrition and Physical Activity (NuPA) Study —a

randomized trial examining a telephone-administered counseling intervention designed to



improve lifestyle behaviors including, but not limited to, physical activity and fruit and

vegetable consumption.”' Complete data from enrollment, 3-, 6-, and 12-month follow-

up evaluations will be used to address the following research questions:

1. Do physical characteristics of the participant residential environment modify the
effect of the intervention in increasing the proportion of participants meeting the 30
minutes/day recommendation for physical activity? The physical characteristics
examined will include street and intersection density, and availability of and
proximity to green space. The residence will be used as the focal point for
ascertaining environment. Guided by the literature, it is hypothesized that increased
street and intersection density, and greater access to green space will be associated
with greater increases in the odds of individuals meeting PA recommendations among
those in the intervention arm compared to the control arm at follow-up after
accounting for differences in PA at baseline. *7##¢"2

2. Do physical characteristics of the participant residential environment modify the
average change in FVC? Studies have reported that major supermarkets offer more
than 4 times the number of healthful foods including fresh produce when compared to
other types of food retailers such as neighborhood grocers and convenience stores.”

The physical characteristics under study are proximity to, variety of and diversity of

supermarkets surrounding participant residences. While the intervention has been

shown to significantly increase FVC among those randomized to the intervention arm
in comparison to controls, this intervention effect is hypothesized to be greater among

- 71,7475
those with greater access to supermarkets.” "™



3. Can the intervention effect or lack thereof, be explained by selective loss to follow-up

among participants living in areas with specific physical environmental
characteristics related to the intended behaviors? This question will be addressed by
examining environmental measures from both previous research questions and other
potential predictors of loss to follow-up. The outcomes of interest will be time until
the participant is not contacted for follow-up evaluation or time until refusal to
participate. Individuals residing in environments providing more opportunities for
increased PA and/or greater FVC are hypothesized to be contacted at a rate no
different than others and to refuse to participate at a lower rate than those with less
opportunities.

In addition, the existing literature on randomized trials of interventions designed

to increase FVC will be examined addressing the fourth and last research question:

4.

Do published reports of randomized trials of FVC interventions report on effect
modification and, if so, what are the challenges faced in its estimation, interpretation,
and application of findings? Non-pharmaceutical behavioral trials designed to
increase FVC with no component involving provision of food, and no environmental-
or policy-level change will be examined to determine the extent to which researchers
investigate and report on potential effect modification, noting the type of effect
modifier (ie., demographic, social-contextual, cognitive variable, etc.), and specific

challenges faced in the application of study findings.
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Chapter 2: Literature Review

Physical activity behavior and environment
Observational studies on physical activity and environment

The field of urban planning has long been concerned with how the design of
neighborhoods and cities affect the lives of residents.'” Only in the late 1990s, however,
have collaborative efforts between urban planners and epidemiologists emerged to
specifically address the impact of the built environment on physical activity (PA) and
health.> This is partly explained by the emergence of evidence suggesting that moderate
physical activity may be enough to effect changes in chronic disease risk. Research
previous to this had focused on chronic disease risk and vigorous physical activity such
as running, tennis, etc.

A wide variety of environmental-level exposures have been investigated in
relation to individual PA behavior. Perceived social norms such as seeing neighbors more
being more physically active®, perceived neighborhood safety’, greater residential
density®, higher business diversity’, more conducive overall environment®, access to
green space that is larger, more attractive, and closer in proximity®, greater street
connectivity®, and higher 4-way intersection density’ have all been shown to be related to
increased physical activity.

The multi-disciplinary nature of this field, the number of aspects of the
environment and the variety of definitions by which each may be measured necessitate a
framework by which environmental factors can be grouped and systematically studied.”""

First, all environmental factors are, by definition, outside of the individual. From there,
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characteristics may be grouped into the physical, socio-cultural, economic, and political
domains.'” Policies and regulations on the location and procedures for creation of parks,
and the zoning and density of land use would be included in the political domain.
Examples of socio-cultural characteristics may include social norms, social support, and
crime while the economic domain would include characteristics such as access to for-pay

4,6,7,10,12-21

facilities for physical activity. Examples of characteristics in the physical

domain include street structure, availability of parks and other green space, presence of
free and pay facilities for PA, sidewalks, and adequate neighborhood lighting. '3
Still other characteristics outside the individual include weather or climate, which change
across time and may be aggregated across broader geographies.*'******" However, even
with this framework, there remain several significant challenges in studying the
environment as it relates to PA behavior.

First, many environmental variables studied are not strictly affected by factors
within only one domain. The location of parks or green space may be considered a factor
in the physical domain. However, location is affected by rules and regulations in the
political domain. In turn, the rules and regulations regarding the location of green space
may be affected by factors in the socio-cultural domain as community members may (or
may not) mobilize to change the political factors, thereby changing characteristics of the
physical domain. Because of the complexity of this interplay, and particularly the
difficulty in measuring characteristics of the social and political domains, many
researchers have instead focused on factors in the physical domain.”® This approach also

has the advantage of identifying specific, observable factors in the environment upon

which changes may be implemented.
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Second, investigators must distinguish between participant-perceived
environment and objectively measured environment. Undeniably related to objectively
measurable characteristics of the environment, participant-reported perceived
environment has also been shown to be influenced by individual characteristics and

: 29,30
experiences.”’

However, even after making the distinction between perceived and
objectively measured environment, there are some inconsistencies in findings. Two
studies in African-American women and Latino women reported no statistically
significant association between perceived PA environment and individual-level PA while
one study in a more heterogeneous population demonstrated a positive association
between perceived street connectivity, overall environment, residential density and PA

. 6,31,32
behavior.””

The difference in findings may be explained by residual confounding that
occurred in the more heterogeneous population. Alternatively, the explanation may lie in
the difference between perceived environment and objectively measured environment.
An analysis of national data suggests that communities with low socio-economic status or
a higher proportion of minorities are less likely to have access to facilities for physical
activity.” In a nationally representative study comparing a sample of 19% of all US
census block groups, block groups with only 5% minorities had up to a 20% greater odds
of having access to 1 or more facilities for PA in comparison to block groups with 95%
minorities. This difference was less pronounced in block groups whose residents were
more highly educated (55% or more college educated, OR=0.93). In combination, those
living in the lowest-educated and highest minority BGs were about 50% as likely to have

access to 1 or more facility than BGs with the highest educated and lowest minority

populations (OR=0.54; 95% CI: [0.51-0.58]).
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Another challenge stems from the use of traditional epidemiologic study designs.
The majority of studies examining physical activity environment and individual behavior
have been cross-sectional — perhaps necessitated by the nature of the exposures studied.
This calls into question the temporal relationship between environment and behavior and
therefore the causality of observed associations.®** A few longitudinal studies have
attempted to address this concern. However, even in these cases, the question of
temporality remains since adults may choose their place of residence based on their
desired physical activity behaviors rather than vice versa. Since this decision is likely to
have occurred before enrollment into the study, participant responses will still yield an
association between behavior and environment because they share a common cause. If
this is the case, a change in an individual’s environment would not be sufficient to effect
changes in individual behavior.

Although few and far between, studies of environmental interventions to change
PA environment would more directly test the hypothesis.*® These studies have been
limited to those examining physical activity before and after the building of a multi-use
trail >*3* Findings, however, have not been conclusive, with some studies showing no
change in physical activity behavior despite a change in the environment.*
Randomized trials for increasing physical activity

Interventions to increase PA have generally been unsuccessful despite, in some
cases, high participation and theory-driven interventions”, involvement of primary care
physicians®’, and intensive efforts on the part of both researchers and participants.
Furthermore, substantial losses have been reported in other studies with up to 87% loss to

follow-up over the study period.*"*
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However, interventions studies that have been informed by findings from the
observational literatures have been more successful. These include individual-level trials
restricted to disadvantaged populations such as participants in federally funded job
programs™, and participants from low-income and multi-ethnic communities.***® While
the components of these interventions generally did not differ from other less successful
interventions, they do have the advantage of having a starting population where PA
prevalence was low.

Community-level trials which engage the community, employ a multitude of
strategies and change the environment in a combination of the socio-cultural, political,
economic, and physical domains have also been more successful. Increases in PA were
observed among work-site studies with interventions after offering employees incentives,
increasing knowledge about recommendations and the relationship between PA and
chronic disease and mortality risk, and changing the environment.*’ However, these
studies are limited in that they engage only those who are employed and only address the
context of a work environment. Other studies that have attempted similar social and
physical environmental changes in church or community health center studies have not
been as successful in changing physical activity behavior.**

Fruit and vegetable consumption behavior and environment
Observational studies on fruit and vegetable consumption and environment

Although not as extensive as the literature on PA and built environment, a number
of studies have shown that access to fruits and vegetables is associated with increased
individual-level consumption of fruits and vegetables.** Similar to the studies of PA

and environment, these studies are limited in that most are cross-sectional in design.
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Using the same methods, other environmental factors that have been studied include the
presence of small grocers™’, fast food outlets”', and perceived availability of healthful
products.”® However, findings suggest that the most relevant food outlet for obtaining a
variety of affordable fruit and vegetables is the supermarket which provides lower cost
and a greater variety of produce in comparison to other outlets such as the corner store,
convenience stores, and privately owned stores.”>>> Complicating the situation however,
is the evidence suggesting that supermarket location are associated with area-level socio-
economics and race.”'”*"  This has led some researchers to suggest that perhaps the
pricing of product and the location of supermarkets is a simple issue of supply and
demand: residents of neighborhoods with low SES and high minority populations may be
less likely to purchase fruits and vegetables, regardless of whether or not they are
available. Because of low demand for such products, supermarkets are less likely to stock
them and may be less profitable in these areas.” Although this hypothesis cannot be
tested using current study designs, data from some other studies seem to support this
hypothesis, showing lower consumption of fruits and vegetables among non-Hispanic
black and Hispanic women than among non-Hispanic white women, and among those

. . 59-61
with lower income.

However, at least one study has shown that once income-related
barriers to consuming fruit and vegetables are removed, these individuals are likely to
increase their consumption fruits and vegetables.®*

Another challenge in studying the relationship between grocer access and
individual behavior is in the measurement of grocer access. Investigators in this field

have employed a variety of methods to determine the location of grocers with respect to

their participants. These methods have ranged from using commercially available
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databases of business information such as InfoUSA’ and Dun and Bradstreet“, to use of

regional data maintained by local authorities'**

, to — more rarely — investigator-collected
data. However, each of these solutions presents its own advantages and limitations.

While commercially available databases provide national coverage, little research
has been done to verify their quality in terms of misclassification of existing business and
erroneous omission or inclusion of business. However, they offer the additional
advantage of access to historic data to examine time-periods relevant to when participant
data were collected. In contrast, investigator-collected data may be more flexible with
respect to amount of information collected and features definitions, but they may reflect
only current businesses. Furthermore, the amount of time and resources required to
collect such data may be prohibitive in comparison to commercially available databases.
Even with such high costs, misclassification, and erroneous omission or inclusion of
businesses may still remain a problem. Furthermore, data cannot be collected after the
fact to reflect time-periods relevant to historical participant data. Although investigation
into historic records may be possible, this again increases the cost of creating such a
database.

Regional data may be available to academic researchers in some regions.
However, national coverage is far from complete and tends to focused on metropolitan
areas. Furthermore, data may not be comparable across different geographies due to
differences in resources, definitions, etc.

Randomized trials of fruit and vegetable consumption
As with the literature on PA a number of studies have been designed with

recruitment restricted to high-risk populations and with interventions designed to fit



24

46,65-68

population-specific expectations and needs. Unfortunately, these studies have also

only had limited success. A number of studies have been designed with recruitment

69-71 44,70

restricted to African American or multi-ethnic™ " populations, rural

44,69,72-74

communities®®®, and low-income or lower educational attainment’> communities

with some limited success.**% %
Loss to follow-up
Randomized Trials of Behavior Modification.

Many studies focusing on continued participation in a study as the outcome have

been conducted in studies of high-risk populations such as HIV/AIDS patients’®”®, high-

h79,80 81-88

risk yout , and those with problems of substance abuse. In these studies, variables
most commonly associated with drop out were demographic variables — minority
race/ethnicity™, male gender™, and young age®® were found to be associated with
increased likelihood of dropping out of the study.

In the behavioral intervention literature, these demographic variables are also
commonly associated with outcomes under measure. However, the possibility for
systematic loss based on these variables and therefore also stratified by the outcome has

not been consistently assessed. The studies that do report results of analyses contrasting

those who drop out of the study with those who remain in the study report similar

89,90 89,91

findings as observational studies — again minority race/ethnicity” >, gender” ", and the

extremes of the age distribution®'™* have been shown to be associated with increased
likelihood of loss to follow-up.”* The direction of association with gender, however, is
not consistently in one direction and may depend on the intervention condition. In

addition, depression or psychological distress’°, baseline health behaviors’”"*"**  and
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baseline health or severity of disease” "' have also been shown to be associated with
discontinued follow-up. Beyond being an important factor in assessing the
generalizability or external validity of a study, loss to follow-up is also a concern in
determining whether a study is internally valid.** This is of particular concern when loss
to follow-up is high. In the case of telephone-based studies of fruit and vegetable
consumption and physical activity losses have ranged between 0% for one or two studies,
to the more typical 15-30%, to upwards of 62% and 81% loss to follow-up over the study
period, 102193
Rationale and Significance of Studies

The current study aims to address research questions one through four as outlined
in Chapter 1 using data from the American Cancer Society (ACS) Nutrition and Physical
Activity (NuPA) Study, a randomized trial of a telephone-based counseling intervention
designed to increase the prevalence of lifestyle behaviors.
The NuPA Intervention

Preliminary analysis of participants from the main NuPA study who had
completed 6 month follow-up evaluation (N=421) indicate that there was no statistically
significant change in PA from enrollment to 6 month follow-up overall or by intervention
arm (p=0.84). This was true even after controlling for whether or not participants already
met the recommended 30 min/day of PA at baseline (48.2% of participants met
recommendations at baseline compared to 56.5% at 5 months, OR=1.12 for meeting
recommendation at 6 months contrasting intervention with self-help, p=0.59).'%*

Among 814 individuals who had completed 6 month evaluation and who had both

enrollment and 6-month data, those in the intervention group (N=423) averaged 3.69
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srv/day of fruits and vegetables while those in the self-help group (N=391) averaged 3.76
srv/day at baseline (difference, p=0.61). Both groups increased FVC by about 1 srv/day
overall at the 6-month evaluation (p<0.0001). However, the amount of increase in FVC
was not different across study groups (self-help increased by 0.88 srv/day, counseling
increased by 1.12 srv/day, p=0.0710).

These findings are consistent with null to moderate findings from other
randomized trials. However, it is also important to note that the intervention does not
include a component of environmental (either physical or social) change. As the
proposed analysis already requires complex analysis of interaction between environment
and intervention, inclusion of environmental components in the intervention itself would
further confuse analysis.

The proposed studies also examine loss to follow-up in relation to the
demographic factors discussed as well as in relation to potential environmental-level
predictors of fruit and vegetable consumption and physical activity behaviors.
Characterizing loss to follow-up with respect to the exposures of interest in the main
analysis will allow us to then predict the magnitude and direction of biases that may
result in the estimation of the main intervention effect, as well as in the potential
modification of the main intervention effect by environmental-level variables.

In order to best address the range of populations in the US, the intervention
includes a wide range of demographic characteristics among participants from a number
of geographic locations throughout the US. This is enabled through a low-intensity,
broadly applicable intervention delivered through the phone that can be delivered to a

wide range of participants throughout the US. Furthermore, multiple follow-ups facilitate
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the examination of behavior change, examining the issue of temporality that has been so
difficult to address in previous studies.
Environmental Variables

Physical Activity. In the case of physical activity, the environmental exposures
that will be examined will include street structure (4-way intersection density, street
density) and access to parks (distance to and size of nearest, total number and area
accessible within a given distance). These variables were chosen as they have been
extensively studied in the epidemiologic literature. Furthermore, they are concrete
characteristics that can be reliably measured and may be solid metrics by useful metrics
for subsequent interventions for changing the environment. Both groups of environment
exposures address only physical activity that takes place outside of the home and does not
examine personal ownership of physical activity equipment, or for-pay or free facilities
for PA outside of parks.

Fruit and Vegetable Consumption. Access to grocery stores will be examined
in relation to fruit and vegetable consumption as measured by proximity to the closest
grocer, number of stores within a given buffer area (diversity), and the average distance
to three differently named grocers (variety).'” Although these three measures are highly
correlated, conceptually they reflect different aspects of how accessible grocers may be in
a given neighborhood. Proximity reflects the minimal effort required to reach any grocer,
regardless of differential availability or pricing that may occur across different stores.
Diversity reflects the range of choices a participant may have given a fixed distance that

he or she may travel, regardless of whether specific stores in the area may be more
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similar. Variety takes into account the similarity between stores of the same chain, and

addresses how far a participant must travel to choose between chains.
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Chapter 3: Methods

Study Population
The NuPA Study

Participant survey data were obtained from the American Cancer Society’s
Nutrition and Physical Activity (NuPA) Study. This study was initiated at the American
Cancer Society (ACS) in response to a growing demand for information, guidance, and
support in attaining healthy lifestyle behaviors and was modeled after the ACS’s
Smoking Cessation Quitline. Conducted from the National Cancer Information Center
(NCIC) located in Austin, Texas, counselors administered the intervention and separate
evaluators administered follow-up surveys over the phone.
Recruitment

Enrollment occurred from September 2005 through June 2007. Most participants
were informed of the study through their employers although participants were also
recruited by email newsletters, websites, media outlets (TV, newspaper, magazines, and
radio) and friends or family. Upon hearing about the intervention, interested individuals
called the NCIC and underwent pre-enrollment screening. Non-institutionalized callers
who had no diagnosed eating disorder, were not pregnant if female, were over the age of
18, and who were willing to make a change within the next 2 weeks were eligible for
enrollment. All participants were asked to complete the baseline survey (Appendix 1:
Health for Life Intake Questionnaire (March 2005)) which assessed demographic
information and included measures of health knowledge and beliefs, self-reported current

weight and height, consumption of various foods (fruits, vegetables, milk, meat, saturated
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fat, etc.), physical activity, and pre-existing co-morbid conditions (diabetes, hypertension,
hypercholesterolemia, and previous cancer).
Randomization

After completing the survey, participants were randomized to either the control
arm or the intervention arm using a computer algorithm. Both groups receive educational
materials in the mail which addressed appropriate amounts of physical activity, provided
specific ideas to improve diet, and discussed issues of goal-setting (Appendix 2: Get on
Track, Stay on Track Outline (March 2005)). Those randomized to the counseling group
also received 6 counseling sessions during a period of 4 months delivered over the
telephone by trained counselors.' These counseling sessions were designed to teach stress
management techniques, exercises to improve self-awareness and goal-setting and raise
awareness of other resources or specific methods for identifying, setting, and achieving
behavioral goals and lasted up to 30 minutes (Appendix 3: Health for Life Counseling
Outline (March 2005)). Intervention participants also received up to 3 booster sessions,
lasting 10 minutes each, during months 5 and 6.

A total of 2,550 individual responded to the baseline survey and were
randomized, of whom 51.5% (N=1,313) were assigned to the intervention, compared to
1,237 assigned to control. This is not too unexpected given a binomial random variable
with 2,550 trials and probability of randomization to intervention equal to 0.5 (2-tailed,
p=0.13).

Follow-up Contact
Evaluators at the NCIC then attempted to contact each individual at 3, 6, and 12

months after enrollment. The surveys used at these follow-up points (Appendix 4: Health
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for Life Evaluation 3, 6, and 12 months (March 2005)) were identical to one another but
different from the one used at baseline. Evaluators were distinct from counselors
involved in delivering the intervention to those in the intervention arm.

At each follow-up time, evaluators attempted to contact each participant, making
up to 15 calls over a 4 week period while varying the time of day and day of the week
during which calls were made. Since NuPA counseling arm participants may defer their
intervention initiation by a period of up to 30 days after the initial contact with the NCIC,
all participants were placed on the call list for the 3 month follow-up evaluation 120 days
after their initial contact with NCIC. Six-month evaluation calls started at 210 days (7
months), and 12-month calls start at 390 days (13 months) after initial contact.
Demographics

Participants were recruited from 49 states (all states but New Mexico), the District
of Columbia and Puerto Rico (Figure 3.1). Demographic characteristics were similar
across study arms (Table 3.1). Typical of a volunteer population, participants were more
likely to be female (80.6% vs. 50.8%) in comparison to the general US population and
also more highly educated (55.6% with a bachelors degree or more vs. 27.0%).”
However, the distribution of race/ethnicity was fairly representative of the general US
population where 74.1% are white (72.4% in NuPA), and 12.4% are black or African-
American (14.0% in NuPA).> Unemployment (5.9%) was approximately equal to that
reported for the 2005-2007 period which ranged between 4.4 and 5.6%.’

Many of the participants were of normal/underweight (BMI in kg/m* below 25,

N=511, 20.2%) with two participants who were underweight (BMI under 18.5 kg/m?)



44

Table 3.1. Demographic Characteristics of All Participants in the Nutrition and Physical
Activity (NuPA) study.

Variable Counseling Self-Help p
Total N= 1313 1237

Age
mean (sd) 43.53 10.46 43.66 10.80 0.77
missing 49 42

Sex 0.10
Male 238 18.2% 256 20.7%
Female 1073 81.8% 981 79.3%
missing 2 0

Employment Status 0.30
Employed 1240 94.6% 1158 93.6%
Unemployed 71 5.4% 79 6.4%
missing 2 0

Marital Status 0.26
Married 807 61.5% 786 63.6%
Not Married 506 38.5% 449 36.4%
missing 0 2

Education 0.79
High school of less 188 14.3% 168 13.6%
Some college or
technical school 404 30.8% 372 30.1%
College graduate 493 37.5% 488 39.5%
Post-College 228 17.4% 208 16.8%
missing 0 1

Ethnicity 0.61
White 935 71.8% 903 73.1%
Black 190 14.6% 165 13.4%
Hispanic 118 9.1% 119 9.6%
Other 60 4.6% 48 3.9%
missing 10 2

Medical Conditions (Dx

by doctor)
High Blood Pressure* 308 23.5% 261 21.1% 0.27
Cholesterol* 373 28.4% 321 25.9% 0.24
Cancer* 102 7.8% 103 8.3% 0.66
Diabetes2 0.35

Type | 7 0.5% 13 1.1%

Type 11 75 5.7% 79 6.4%



Satisfied with Life
Yes
No

Sad/Blue
Yes
No

BMI Category
Normal/Underweight
(<25 kg/m’)
Overweight (25, 30
kg/m®)

Obese (>30 kg/m?)
missing

Physical Activity
0 to 29 minutes/day
30 or more minutes/day
missing

Fruit and Vegetable

Consumption
mean (sd)
missing

950
363

101
1212

253

448
598
14

735
576

3.44

21

72.4%
27.6%

7.7%
92.3%

19.5%

34.5%
46.0%

56.1%
43.9%

2.00

894
343

100
1137

258

418
552

633
601

3.56

19

72.3%
27.7%

8.1%
91.9%

21.0%

34.0%
45.0%

51.3%
48.7%

2.04

45

0.96

0.71

0.63

0.02

0.14

* Fisher's exact test
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based on self-reported height and weight at baseline. The 79.8% of participants who were
overweight or obese at baseline is slightly higher than the national average at 66.0%
reported for 2001-2004*. Consistent with national figures reporting a 10.2% prevalence
of diabetes, 0.8% of NuPA participants reported having type I diabetes while 6.0%
reported type II diabetes. About a quarter of participants (N=569, 22.3%) had been
diagnosed with hypercholesterolemia compared with the national figure of 16.5%, and
27.2% (N=694) of participants reported hypertension which is approximately equal to
the national age-adjusted prevalence of 26.7%.*
Baseline Physical Activity and Fruit and Vegetable Consumption Behaviors

Physical Activity. PA was self-reported in total minutes/day using the past three months
as the reference period. At baseline, a higher percentage of NuPA participants (Table 3.1)
reported more than 30 minutes/day of physical activity (enrollment survey, item 17, Appendix 1,
N=1177, 46.2%) then the general US population. Unreasonable values of exceeding 720
minutes/day (12 hours of PA/day) were excluded. Among those randomized to receive the
intervention, a statistically significant 4.8% less reported exceeding this threshold than those
randomized to receive control.

Fruit and Vegetable Consumption. Fruit and vegetable consumption ranged between 0
and 14 servings/day in the NuPA population and appeared to be approximately normally
distributed (Figure 3.2a). Log-transformation did not improve the shape of the curve (Figure

3.2a). There was no significant difference in average servings of fruits and vegetables consumed
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Figure 3.2. Frequency distribution of (a) fruit and vegetable consumption (FVC) and (b) log-
transformed FVC from baseline survey of 2,550 eligible participants in the Nutrition and Physical
Activity (NuPA) Study.

across study arm (Table 3.1), although consumption was above the national average at
3.49 servings/day with standard deviation (SD) 1.92. Unreasonable values of more than
20 servings/day were excluded.
Exclusion to 5 Metropolitan Areas

Although participants were recruited from throughout the United States, there
were several regions where large portions of participants resided. Among the 2,550
participants randomized 43.2% (N=1104) of participants resided in 5 metropolitan
statistical areas (MSAs) with more than 100 participants each. These MSAs, herein
referred to as cities, were: Minneapolis/St. Paul, MN; Atlanta, GA; Austin, TX; Chicago,
IL; and Knoxville, TN (Table 3.2).

Given the geographic distribution of participants, the amount of data extraction
and calculation involved in obtaining the exposure measures, and the type of statistical
modeling that would be required to obtain valid estimates, only participants residing in

these five cities were included for the current studies. By restricting to individuals



Table 3.2. Demographic Characteristics of Participants in the Nutrition and Physical Activity
(NuPA) Study Residing in Atlanta, GA; Austin, TX; Chicago, IL; Knoxville, TN; and
Minneapolis/St. Paul, MN.

Counseling Self-Help p
Total N= 558 546
Variable N % N %
Age mean(sd)’ 42.7 (10.4) 425 (10.9) 0.79
missing 1 7
Sex 0.63
Male 104 18.6% 108 19.8%
Female 454 81.4% 438 80.2%
Metropolitan Area 0.83
Atlanta 100 17.9% 86 15.8%
Austin 56 10.0% 59 10.8%
Chicago 54 9.7% 51 9.3%
Knoxville 47 8.4% 53 9.7%
Minneapolis 301 53.9% 297 54.4%
Employment Status 0.05
Yes 538 96.6% 514 94.1%
No 19 3.4% 32 5.9%
missing 1 0
Marital Status 0.88
Yes 335 60.0% 329 60.5%
No 223 40.0% 215 39.5%
missing 0 2
Education 0.31
HS or less 71 12.7% 55 10.1%
Some college/Tech 160 28.7% 178 32.6%
College grad 222 39.8% 220 40.3%
Post college 105 18.8% 93 17.0%
Ethnicity 0.70
White 402 72.7% 412 75.6%
Black 95 17.2% 87 16.0%
Hispanic 32 5.8% 27 5.0%
Other 24 4.3% 19 3.5%
Missing 5 1
Medical History”
Hypertension 115 20.6% 95 17.4% 0.17
Cancer 43 7.7% 36 6.6% 0.47

Hypercholesterolemia 160 28.7% 124 22.7% 0.02



Diabetes’
Type I
Type 11

Satisfaction with Life
Yes
No

Feeling Sad/Blue
Yes
No

BMI Category
Normal/Underweight
(<25 kg/m?)
Overweight (25, 30
kg/m®)

Obese (>30 kg/m?)
missing

Physical Activity

0 to 29 minutes/day
30 or more
minutes/day

missing
Fruit and Vegetable
Consumption
mean (sd)
missing

24

401
157

45
513

121

185
224

319

237

3.63

0.2%
4.3%

71.9%
28.1%

8.1%
91.9%

22.0%

33.6%
40.7%

57.4%

42.6%

2.03

4
32

416
130

35
511

121

187
233

267

279

3.71

0.7%
5.9%

76.2%
23.8%

6.4%
93.6%

22.4%

34.6%
43.1%

48.9%

51.1%

2.19

0.20

0.10

0.29

0.91

0.00
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P-values reported for y2 test except where indicated.

1. 2-sample t-test, pooled variance

2. Self-reported physician diagnosis or treatment of condition

3. Fisher exact test




2,550
Randomized
1,519 Not in eligible MSAs [¢——

1,104 from Atl,
Aus, Chi, Kno, Min

Study Arm i Counseling i i Self-Help !
; : i v 3
] %of ! ! %of |
Intake ' 558 Total N 7 | | 546 Total N : .
: . intake | ! intake !
: + (2} (1) : ; + ;
| 362 | | 376 |
: 0 : : I :

6 Months

12 Months

Figure 3.3. Flow-chart of participant follow-up among 1,104 individuals residing in Atlanta, Georgia (Atl); Austin, Texas (Aus); Chicago, Illinois (Chi); Knoxville,
Tennessee (Kno); and Minneapolis/St. Paul, Minnesota (Min).
Notes:
e All numbers indicated at each follow-up are those who were contacted (record reported from SIEBEL) and consented to the follow-up (responded: “Yes” or
“Yes, but call back later”).
e  Arrows with numbers among those randomized to receive Counseling indicate patterns of skipped follow-ups and are similarly indicated, without numbers,
among those randomized to Self-Help.
(1) Participants who were not contacted or did not consent to the 3-month follow-up but were contacted and consented to 6-month follow-up (N=62 for
Counseling, 46 for Self-Help, as indicated)
(2) Participants who were not contacted or did not consent to the 3- or 6-month follow-ups but were contacted and consented to the 12-month follow-up (N=23
for Counseling, 10 for Self-Help)
(3) Participants who consented to intake, 3-, and 12- month follow-up, but not 6-month (N=35 for Counseling, 26 for Self-Help)
(4) Participants who consented to intake, 6-, and 12-month but not 3-month (N=35 for Counseling, 30 for Self-Help).
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enrolled from the five MSAs listed above, more focus could be placed on exposure
ascertainment resulting in more precise and accurate assessment of exposure. From here,
participants in the current studies will be referred to merely as participants while those
from the larger study will be referred to as NuPA participants.

The distribution of demographic characteristics within the subgroup included in
subsequent analysis did not substantially differ in comparison to the overall NuPA
population (Table 3.2). At 3, 6, and 12 months respectively 66.8% (362 intervention,
376 comparison), 57.7% (322 intervention, 315 comparison), and 47.6% (280
intervention, 245 comparison) remained in the study (Figure 3.3).

The distribution and range of baseline behaviors across study arms did not differ in
comparison to the overall NuPA population with baseline fruit and vegetable
consumption ranging between 0 and 14 servings/day with mean 3.62 and standard
deviation 1.91 (Figure 3.4a and 3.4b) and a significantly greater portion of participants
in the control arm meeting the physical activity recommendation at baseline (Table 3.2).
Institutional Review Board Review

This study was approved by the Emory IRB on November 22, 2007 (study
IRB00005116). The NuPA study (IRB 235-2005) was approved by the Emory IRB on

April 13, 2005.
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Figure 3.4. Frequency distribution of (a) fruit and vegetable consumption (FVC) and (b) log-
transformed FVC from baseline survey of 1,104 eligible participants in the Nutrition and Physical
Activity (NuPA) Study residing in Atlanta, Georgia; Austin, Texas; Chicago, Illinois; Knoxville,
Tennessee; and Minneapolis/St. Paul, Minnesota.

Assessment of the Environment

All spatial calculations were performed using ArcView 9.2 (ESRI, Inc., Redlands,
California), and were dichotomized, treated in quartiles, or, where quartiles were not
possible, treated in tertiles. Quartiles are referred to as highest, high, low, and lowest,
and tertiles are referred to as high, medium, and low.

Geocoding Procedure and Validation. Participants residences were geocoded to a
block group using the Qualitative Marketing Software (QMS) Geocoder (QMSoft,
Clearwater, Florida) based on mailing address reported for delivery of educational
materials. A random sample of 10% of all addresses linked at the precision level of the
residence were examined for accurate pairing with the block group code using the
address search function on the United States (U.S.) Census website and data from the
2000 Census.® Addresses that could not be found in this manner were assumed to be new
and were located using Google Earth and the U.S. Census Block Groups shapefile (2007,
Environmental Systems Research Institute, Inc. (ESRI), Redlands, California).” All
addresses that were approximated at the block group or zip code level were examined

using the same procedure. Where codes obtained from different data sources disagreed,
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preference was given to the code obtained from, in order, the census address tool, the
block group shapefile, and the QMS-approximated block group.

The 1,104 participants included in the analyses were geocoded to 905 separate
block groups with the majority of participants (N=947, 85.8%) geocoded during the first
round. All addresses sampled from this group for further verification produced codes that
were consistent between the Census address tool and the QMS Geocoder. The majority
of participants whose addresses were approximated at the block group or zip code level
during the first round (N=157), were linked to a block group using one of the other 2
methods (29 using the Census, 96 using the shapefile). Approximated block groups were
used for 28 participants who reported a post office box as their mailing address.

The unweighted geographic centroid of the block group was used as the focal
point for assessing environmental factors. Although the use of the BG centroid rather
than a full address introduces misclassification into the assessment of exposure, this is
required to maintain confidentiality. Furthermore, little or no bias should result because
the degree of misclassification is limited by the size of the BGs and the variability of the
exposure across space. The size of block groups are relatively small in metropolitan
areas and ranged from 0.02 to 61.0 mi” for BGs identified to have NuPA participants.

By design, individuals who were assigned the same block group will share focal
points from which exposures will be measured and therefore have identical values for the
exposures. The shared nature of these exposures will be accounted for in a multi-level
model with observations nested in three levels: individual time points nested within
individuals, individuals nested within a block group identified with the residence, and
block groups further nested within a city.

Geographic Exposure Assessment of Exposure
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Fruit and vegetable environment. The Dun & Bradstreet (D&B) Million Dollar
Database provides data on businesses meeting one or more of the following criteria: (1)
conducted $1 million or more in sales, (2) have 20 or more employees, or (3) have branches with
50 or more employees.® Smaller businesses are excluded from this database. Although this will
exclude smaller businesses, these exclusions are consistent with the observational literature
suggesting that it is the larger chains and businesses that contribute to greater consumer access to
fruits and vegetables.”!! Businesses with primary North American Industry Classification System
(NAICS) codes of 44523 (fruit and vegetable specialty markets) or 44511 (supermarkets and
other grocery stores, except convenience stores) were included in the analysis. A total of 1,537
grocers were included in this database in the 5 cities examined. Although the majority of these
grocers were chain supermarkets, identified as either branch or headquarter locations for the
above-mentioned NAICS coded businesses (N=1,024, 66.6%), a substantial portion were single-
location businesses (N=513, 33.4%). Thus, these businesses are referred to as grocers rather than
supermarkets.

The Dun and Bradstreet Million Dollar Database was used in this study because it
is continuously updated and has nation-wide coverage. This insured greater
comparability of data quality between the 5 different cities studied and is in contrast to
feasible alternatives which would have required combining data obtained from several
different sources and across different time periods.

Each grocer was mapped using the longitude and latitude from the D&B database which
provides the business location with precision within 11 meters (4 decimal places). Combining
that information with block group centroids, 3 measures of grocer access were adapted from the
work of Apparicio et al: (1) proximity: the distance from the focal point to the nearest grocer; (2)
diversity: the number of grocers within a buffer distance from the focal point; and (3) variety: the

average distance from the focal point to the 3 nearest differently named grocers.'> Buffer regions
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with 8.05 km (5-mile) and 0.805-km (0.5-mile) radii will be used, assuming non-motorized and
motorized transport, respectively.”*!’

Because studies comparing commercially available business listings to other data sources
highlight the potential for misclassification of businesses across different sources and suggest
closer examination to determine which sources are most appropriate for the purposes of research,
an additional validation study was designed to assess the impact of misclassification by other
individual- and block group-level predictors of participant behavior (Chapter 5, Section 2:
Additional Analyses).'™"

Physical activity environment. The physical activity environment was measured as
street structure and access to parks. Street structure was operationalized using two separate
components — 3- and 4-way intersection density and total street length contained within a buffer
region surrounding the participant focal point. Both were assessed using the buffer regions
defined above. The participant’s surrounding intersection density and total street length were
calculated using data from Environmental Systems Research Institute (ESRI) StreetMap data,
which are based on TIGER/Line Files (2000) maintained by the US Census Bureau. These data
are used to support conducting the decennial census and are updated annually by commercial
firms such as NavTeq and Tele Atlas. Parks data were obtained from the ESRI U.S. Geographic
Data Technology (GDT) Park Landmarks shapefile. This dataset provides the name, location,

boundaries, square mileage and general usage information for each site.

Statistical Analysis

All analyses were performed using SAS 9.1 and 9.2.
Fruit and Vegetable Consumption and Physical Activity Studies

Fruit and Vegetable Consumption. The continuous measure of servings of fruits and
vegetable per day was used as the dependent variable for analysis. As such, a linear mixed model

using restricted maximum likelihood was chosen for regression using SAS PROC MIXED.
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Conceptually relevant random effects included individual (for repeated measures at baseline, 3-,
6-, and 12 months), block group, and city. Analysis of intra-class correlations indicated that 0.3%
of total variation was explained by city, 21.8% by block group, and 11.3% by individual with
66.6% of total variation unaccounted for. Although not all sources of variation reached pre-
established criteria for inclusion in a mixed effect model, they remained in the final model due to
their conceptual importance.

Physical Activity. Physical activity was analyzed as a dichotomous outcome. Although
it was measured as a continuous outcome (total minutes/day), there were some indications in the
data that there may have been some coding errors. Specifically, during the start of the enrollment
period in 2005, many small values such as 2, 3, and 4 were reported for minutes/day of physical
activity. Because such small and specific values were unlikely to reflect actual minutes of
physical activity engaged in per day and because instances of such small values decreased after
additional evaluator training, it was hypothesized that these values reflected hours instead of
minutes. As such, the categorized outcome was chosen to minimize the impact of these errors
and facilitate the assessment of misclassification on final analyses. Both logistic regression and
binomial regression with random effects were used for regression analysis using the SAS
GLIMMIX Macro.* The GLIMMIX macro was used rather than PROC GLIMMIX because it
provided increased flexibility in specifying multiple random effects and correlation structures.

PROC GENMOD was not used as multiple random effects could not be specified.

In analysis of intra-class correlations, city explained 2.1% of the variation in the
dichotomous physical activity outcome, block group explained 41.0% and individual 12.3% of
variation leaving 44.6% unexplained. Again, each of these levels remained in the final model as

random effects because of their conceptual importance, not based on an external criterion.

Regression model for FVC and PA outcomes. Although specific estimation

techniques and statistical assumptions for the FVC and PA analyses differ, the general
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approach for creating the regression models were the same. The following model served

as the basis for statistical analysis:
Outcome(t,1,E,C)= f(fB, + B, x1) [3.1]
By = (;/00 + by, +b00)+ Vo XE+ 70, XCoi + 703 X Cpe [3.2]
Bi=Vie+t vy xE+y,xI+y,xExI+y,xC, . +7xCy [33]
where, t indicates the follow-up timepoint, C;,4, is a vector containing all individual-level

covariates and Cpg is a vector containing all block group-level covariates. £ indicates the

environment exposure of interest, and / represents the intervention arm.

This model assumes behavior, either the continuous outcome for FVC or the logit
of the dichotomous outcome for PA, to be a function of two components (equation 3.1):
a baseline behavior, fy; and a change from baseline associated with each follow-up time
point, ;. The baseline behavior (equation 3.2), £, is assumed to be explained by
individual- and block group-level covariates (Ciuan, and Cpg) as well as with the
environmental exposures of interest (E), essentially replicating analysis from cross-
sectional studies (reviewed in Chapter 2). Furthermore, as evidenced by the omission of
a term associated with / in equation 3.2, baseline behavior is assumed to be independent
of the individual’s intervention status. Change in behavior, given by f; (equation 3.3), is
a function of the environment, intervention arm, an interaction between environment and
intervention, and same individual- and BG-level covariates in equation 3.2. The effects
of interest are given in equation 3.3 as y;; and y,3, the terms for the effect of the two-way
interaction between time and the environmental exposure and the three-way interaction

between time, environment, and exposure.
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Random effects for BG (byy) and for MSA (bg,) were also included in the analysis
to allow for correlation between individual sharing those variables. Furthermore,
observations within a given individual were assumed to be correlated following an auto-
regressive order-1 structure. Additional analysis was performed using a compound
symmetric correlation structure to address the potential for bias in conclusions drawn
from the model due to mis-specification of the correlation structure. Empirical
estimation of the correlation was also attempted.

Power for FVC and PA outcomes. Using a simulation technique (Appendix 5:
Power Simulation), power was shown to be dependent only on the proportion that is
exposed to both the environmental exposure and the intervention, and the effective
sample size. A range for the effective sample size (ESS) was estimated from equation
3.4, assuming balanced distribution of observations within clusters given a range of 0.02
to 0.60 for the intraclass correlation (ICC), and 57.7% losses by 6 months in both arms

(Figure 3.3)%":

mk
q —
1+ ICC x(m—1)

[3.4]

where m is the number of clusters, and k is the number of observations within each
cluster. A range of actual sample size (here m*k) was obtained and taken to be
approximately 320 for each arm. Taking m to be approximately 1104/905 =1.22 (the
number of participants / the number of block groups), the effective sample size was

estimated to be between 283 and 318 for each arm.?
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Assuming that exposure to the environmental factor of interest is independent of
randomization and keeping power constant at 80%, the detectable effect size of the
interaction between environment and intervention arm is dependent only on the
proportion that is exposed to both the environmental exposure and the intervention, and
the effective sample size. In fact, it is independent of the effect sizes of the first-order
terms for environment and intervention. Assuming a dichotomous measure of
environment (proportion expose=0.50), the smallest detectable effect size of the
interaction parameters as y;; and y;;3 is estimated to be 0.4 srv/day for fruit and vegetable
consumption. For the dichotomous outcome for physical activity, the smallest detectable
odds ratio is approximately 1.94 or, assuming 60% meeting the PA recommendation in

the reference category, 74.4% meeting the PA recommendation in the exposed group.

Model Assessment for FVC and PA Outcomes. Each exposure was first
examined using an unadjusted model with random effects for both BGs and MSA and no
covariates in equation 3.2 and 3.3. Those that were thus statistically significant in y;; or
13 of equation 3.3 were then examined adjusting for individual-level covariates and then
both individual- and BG-level covariates.

Individual-level covariate data were obtained from the NuPA baseline survey.
Identified a priori based on the literature, potential confounders of associations between
environment both FVC and PA behaviors included age, sex, race/ethnicity, employment,
marital status, educational attainment, hypercholesterolemia, diabetes types 1 or 2,
hypertension, previous diagnosis of cancer, being sad/blue, and satisfaction with life.”>

Environmental-level covariates were assessed on the block group level and

included educational attainment (% of block group residents with a bachelors degree or
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more, % with a high school degree or equivalent), neighborhood median income, racial
composition (% minority including black, Asian, Hispanic, other, and mixed), median
age, and unemployment rate (% unemployed). These data were obtained from the Claritas
Demographic Update and were categorized into quartiles.

To determine which covariates should be included in the final model as potential
confounders of behavior change, all individual-level covariates were entered into
equation 3.2. Using the fully adjusted equation 3.2 and introducing the intervention term
into equation 3.3, each individual-level covariate was entered separately into equation 3.3
and assessed for statistical significance at the o 0.05 level since a confounder must also
be an individual cause or correlate of the outcome. All those that were statistically
significant in equation 3.3 were added into the model together and assessed for
independent contribution to f;. Together these individual-level covariates were
introduced into the model and those that were not statistically significant after adjusting
for other significant covariates were removed from the model. This was then used as the

final individual-level model.

A different approach was used to examine BG-level covariates as independent
confounders of environment and behavior change since BG-level covariate may act as
proxy measures of an individual-level analog. All individual-level covariates were
entered into equation 3.2. Using this model, each BG-level covariate was separately
entered into equation 3.2 to determine whether it contributed to the baseline outcome.
Those that were statistically significant after adjusting for individual-level covariates
were entered into equation 3.3 for further assessment. Finally, all BG-level covariates

that were statistically significantly associated with behavior, whether in equation 3.2 or in
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both equation 3.2 and 3.3, were entered into a model with all other significant BG-level
covariates and all individual-level covariates. Those that maintained an independent

effect were kept in the model, and those that did not were removed.

Additional Analysis for FVC and PA Outcomes. Adjusted analyses were
repeated excluding data from participants whose block group codes were approximated at
the block group or zip code level and participants who reported a PO Box mailing

address to determine the effect potential geocoding errors on the final analysis outcome.

In addition, imputation analyses were undertaken to determine the effect of loss to
follow-up on findings. Among the 1,104 participants in the analysis, 18 were missing on
demographic factors, which were not imputed. As such, only participants with complete
baseline data (N=1,086) were analyzed in imputation analysis, requiring imputation of
missing PA and FVC behavior variables only. As participants could skip follow-ups and
return for evaluation at later time-points, the pattern of missingness was not monotonic.
The data were made to be monotonic by omitting subsequent observations recorded from
participants who had skipped a previous evaluation.

From there, baseline values for PA (met recommendation: Yes/No) and FVC
(servings/day) were imputed based on all individual-level predictors and block group-
level characteristics that were associated with the outcome (as described above) or with
loss to follow-up (as described below). PA and FVC for subsequent follow-up time-
points (3-, 6-, and 12-month) were imputed based on all previous measures of the
behavior in addition to baseline demographics using the regression method for monotonic
data. For example, 6-month values for FVC were imputed based on 3- month FVC,

baseline FVC, individual-level baseline variables, and block-group level characteristics.
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Five imputed datasets were created and analyzed using models described for the main
analyses. FVC data were imputed using a linear regression method** and PA data were
imputed using a logistic regression method.”

The results from each of the analyses of the imputed datasets were then combined
using standard procedures.”® Estimates of parameters from each of the D=5 datasets,

O4(hat), were combined to obtain a summary measure, dp(bar), using equation 3.5.
_ 1 i A
0, =—) 0 [3.5]
D d
D 7=
From there, total variance was estimated from two components: within imputation

variance, Wp(bar) (equation 3.6); and between imputation variance, By (equation 3.7):

7 :Lin [3.6]
DI
1 &(s -
B, :ﬁ;( =0, [3.7]

These components were then combined to estimate total variance, 7 (equation
3.8):

T, =W, + DT“BD [3.8]

This was estimated for mean change in FVC at each time-point by environment
and study arm and for the linearized parameters by time-point, environment, and study

arm in logistic and binomial regression for the PA outcome.

Strengths and Limitations for FVC and PA Analyses. The approach described
above uses all data available in one model rather than separating outcomes measured at
different follow-ups into different models. The advantage to this approach is that

baseline measurement of the behavior is treated in the same way as other follow-ups, as
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they should be. This is in contrast to other approaches where baseline measures may be
treated as an adjustment variable, or subtracted from the follow-up measure of the

behavior to look at the change from baseline.

Furthermore, the analysis accounts for several conceptual sources of correlation.
While this may yield small numbers in some clusters (average 1.22 participants/block
group), there is some indication in the literature that correlated analysis is still appropriate
and yields valid estimates in contrast with uncorrelated analyses.*’

And lastly, results from additional analyses were present in order to address
potential limitations. Misclassification of block group code due to errors in geocoding
was addressed by repeating analysis in only those participants for whom geocoding was
successful during the first round. Potential bias due to loss to follow-up is addressed in
the imputation analyses.

Survival Analysis

Outcomes. Survival analysis was performed using two different events. For
individuals to remain in this study, they must first be contacted by the telephone
evaluators and then consent to continue to participate in the study. These two steps allow
for two different types of losses — those that are due to inability to contact the participant,
and those that are due to explicit refusal of participants to continue to participate in the
study.

In the first analysis, the outcome was defined as time from enrollment until the
first missed contact between NuPA evaluators and participants. Since evaluations only
occurred at 3, 6, and 12 months, these were taken to be the time points at which a

participant could be censored or experience the event. Although it is possible that
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participants skip a follow-up evaluation between two other evaluations — completing, for
example, baseline and 3-month evaluations, skipping 6-month evaluation, and returning
for 12-month evaluation — the participant would be recorded as having experienced the
outcome at the first instance of a skipped follow-up. Participants who refused a follow-
up evaluation were censored and their follow-up time recorded to be when they first
refused. Those that were evaluated through the 12 month follow-up were censored at 12
months. Overall, 456 participants (41.3%) experienced the event and 553 (50.1%)
completed the 12-month follow-up.

In the second analysis, refusal to participate was analyzed as the outcome and
those who were lost to follow-up were censored. Of 1,104 participants, 145 (13.1%)
refused to participate at some point during the trial.

Statistical Analysis. For both outcomes, Kaplan-Meier curves and the -2logR
statistic were examined to determine whether there were significant differences in the rate
of either event by study arm, metropolitan statistical area (MSA), or any individual-level
demographic, health and psycho-social information, BG-level demographics, or
environmental exposures. All variables that were statistically significant at the a=0.05
level were examined for meeting the proportional hazards assumption by examining
Log-Log curves.” After identifying variables that were significant when unadjusted, all
significant variables were entered into a Cox model using SAS PROC TPHREG and
PROC LIFEREG. Each variable was assessed for meeting the PH assumption using
Schoenfield residuals. Those that met the PH assumption were kept in the model and
examined for an independent association with the outcome after adjusting for other

variables. Those that were not significant after adjustment for other variables were
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removed in a stepwise fashion, eliminating the least significant ones first and checking
for the PH assumption after each variable is removed. Once a reduced model containing
independent predictors of refusal was identified, mixed models were examined using
PROC NLMIXED adjusting for random effects for MSA or block group. These were
compared with uncorrelated models estimated using PROC GENMOD.

Model Statement. The statistical models used allow for main effects of both the
intervention arm (/), environment exposures of interest (£), and individual- and
neighborhood-level demographics (combined in the vector C). Furthermore, they also
allow for statistical interaction between the environment and the intervention arm to
which the participant was randomized at baseline. Furthermore, each analysis will also

allow for a potential random effect due to geographic clustering (by).

h(t,1,E,C) [3.5]
=h(t)xexp(y, +by+y, xI+y,xE+y,xC+y,xExI)

Logit [P(1,E, C)]

=y, b+ xI+y,xE+y,xC+y,xExI [3.6]

Power. Using the models described above, PASS (Power Analysis and Sample
Size Software, NCCS, Kaysville, Utah) was used to determine power for the proposed
study using the same approach for estimating effective sample size as described for the
PA and FVC analyses. Fixing power at 80%, alpha at 0.05, the baseline event rate at
50%, exposure rate ranging from 5 to 95%, actual sample size of 300 to 900, the smallest
detectable hazard ratio ranged from 1.3 to 2.5.

Strengths and Limitations. Survival analysis was used in the analysis of both

refusal to participate and loss of contact. Although logistic regression analysis would
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have been a feasible alternative to examine refusal at each follow-up, this current method
was used instead in order to incorporate data from all participants across the entire
follow-up time in one analysis.

The analysis also controlled for correlation between participants residing in the
same block group and/or city.
Systematic Review of Fruit and Vegetable Consumption Interventions
Search Strategy

A search strategy was developed to identify controlled trials of behavioral
interventions aimed at increasing fruit and vegetable consumption (Appendix 6: Search
Strategy for Systematic Review). The same search strategy was applied to the CINAHL,
MedLine, EMBASE, Psychlnfo, databases and the Cochrane Central Register of
Controlled Trials for reports published between January 1, 1990 and December 31, 2008.
Behavioral interventions were identified using search terms adapted from previous

29-32

systematic reviews. These terms were then combined with other terms identifying

29,31 .
~* Results were restricted to

increase in fruit and vegetable consumption as a study aim.
studies performed among adult, non-institutionalized populations.
Assessment of Eligibility

The titles and abstracts of all articles identified from the search strategy were
evaluated by two reviewers (DHC and REP) determining eligibility based on study aims,
population, and intervention type. Studies were excluded if the intervention was strictly a
pharmaceutical intervention, if there was a component of the intervention involving

environmental modification or policy change, if the intervention was performed

exclusively among smokers, and if the study was performed only among participants with
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specific chronic disease conditions (hypercholesterolemia, diabetes or impaired glucose
tolerance, hypertension, cancer survivors, etc.) except for overweight/obese participants.
Studies that recruited from the general population and included some participants with
chronic diseases were not excluded from the analysis.

Study settings were expected to include the workplace, church, university/college,
primary care, or population-based studies, although no restrictions were made on this
basis. Furthermore, intervention delivery was expected to be through the mail, through
online mechanisms (email, website, or chatroom), through the telephone, or through
individual- or group sessions delivered in person. Although most studies were
randomized trials (either individual- or cluster-randomized), interventions with a pre- and
post-test and no control group were not excluded.

Full texts of eligible studies were retrieved and examined to determine whether
fruit and vegetable consumption was reported for baseline and follow-up evaluations in
servings/day, grams/day, energy-adjusted daily intake, etc. and whether any modification
of the intervention effect was examined or reported. References from studies that
reported investigating effect modification were examined to identify additional studies.

Studies that reported only on baseline demographic information, baseline FVC, or
described study design and motivations of otherwise eligible intervention were entered
into ISI Web of Science (Thomson Reuters, New York, NY) to determine whether they
had been cited by subsequent articles reporting on follow-up data. Follow-up articles
were identified through author lists and/or study name. Again, these studies were
assessed for eligibility to be included in the review.

Data Extraction
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Once all eligible studies were identified, citation information, intervention design
and setting, study population and sample size, a description of the intervention and
control (if applicable), evaluation time-points, intervention effect, effect modifier
examined, and the direction of the effect modification were extracted. The direction of
effect modification was denoted as (0) for no effect modification, (+) for a greater
intervention effect associated with a greater value of the effect modifier (or a greater
intervention effect in the non-reference category in comparison to the reference
category), or (-) for a smaller intervention effect associated with a greater value of the
effect modifier (or a smaller intervention effect in the non-reference category of the effect
modifier in comparison to the reference category). Information from the text identifying
different reports originating from the same study (study name, sample size, intervention
description, etc.) were grouped together. The authors’ reasons for examining effect
modification were noted.

No attempt was made to examine un-published studies or studies published in
conference proceedings. Because of the diversity of study characteristics, and the
variability in the effect modifiers measured, no attempt was made to arrive at any

summary measures.
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ABSTRACT

Background. Many studies report a positive association between physical activity (PA)
and park access or street connectivity. However, these studies have almost exclusively
been cross-sectional in design. The present study examines these measures of the
physical activity environment as a potential modifier of a low-intensity counseling
intervention, taking advantage of the established temporal sequence between environment
and PA behavior and of the changes in behavior elicited from the study design.
Methods. Addresses from 1,104 participants in the Nutrition and Physical Activity Trial
— a nationwide, randomized study of a telephone-based counseling intervention — were
linked with geographic data to obtain density of streets and intersections near
participants, proximity to parks, and the number of and total area of parks accessible
within 8.05 km and 0.805 km radii. Self-reported PA was recorded at baseline and 3, 6,
and 12 months post-randomization and investigated using generalized linear mixed
models.

Results. Approximately 10% more intervention participants increased PA to >30
minutes/day at 6 months than control participants (risk difference (RD): 10.4%, 95% CI:
[1.6%, 19.2%]). The intervention effect was not statistically significantly different by
measures of the PA environment. However, the magnitude of the intervention effect
increased with decreasing number of parks (0.805-km) and decreasing area of parks
accessible (0.805-km), with 5-10% increases among those with the least number or area
of parks accessible. Furthermore, maintenance of the intervention effect, measured at 12
months follow-up, increased with decreasing number of parks (8.05-km).

Conclusion. These findings suggest that the PA environment may encourage PA

behavior. Unexpectedly, participants with fewer resources may have the most to gain
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from a low-level counseling intervention. Future replications may take advantage of the
established temporal relationship between behavior and environment in this design to

understand the association between behavior and environment.
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INTRODUCTION

Physical inactivity is linked to risk for chronic diseases such as obesity,
cardiovascular and cerebrovascular disease, diabetes, and hypercholesterolemia, and
other health conditions [1, 2]. In 2005, healthcare expenditures for these and other
conditions totaled more than $2 trillion in the United States [3]. Stemming from its wide
influence as a risk factor for disease and morbidity, health economists estimate that were
physical inactivity and overweight/obesity to be prevented, total healthcare expenditures
could be reduced 9-27% [4, 5], or by at least $180 billion.

However, efforts to increase physical activity to levels recommended for
preventing chronic disease have been met with a number of challenges. At best,
randomized counseling and educational interventions have reported only moderate effects
on self-reported physical activity [6, 7] despite the application of strategies to address a
multitude of barriers to behavior change such as knowledge, limited time, and lack of
social support [8, 9]. Oftentimes, no changes in physical activity behavior are observed
despite increases in intermediate outcomes such as self-efficacy [8].

Observational studies have reported that physical activity behavior is linked to the
built, physical activity environment, a factor relatively unaddressed in the randomized
trial literature. Even after accounting for individual-level characteristics, greater access
to parks [10-12] and greater street connectivity [13-15] have been associated with
increased physical activity. However, these findings cannot establish a causal link
between the physical activity environment and physical activity levels as they have
almost exclusively employed a cross-sectional study design. Furthermore, results have

not always been consistent, particularly in studies restricted to homogeneous groups such
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as Latinas [16, 17] and urban-dwelling, African-American women [ 18] where no such
associations were found. Furthermore, studies attempting to study the direct effect of
changes in the physical activity environment have been inconsistent [19, 20].

To address limitations in the literatures on randomized trials and observational
studies, the present analysis combines objective measures of the physical activity
environment with data from a randomized controlled trial. While this analysis aids in
identifying subgroups defined by physical activity environment for whom a physical
activity counseling intervention may be more effective, it also presents an opportunity to
address the question of whether the built environment may be a barrier to physical
activity improvement, examining the question of temporality in the association between
behavior and environment from a different perspective. We hypothesized that
intervention effects would be more pronounced among participants who have greater

access to parks and greater street connectivity.

METHODS
Participants

The Nutrition and Physical Activity (NuPA) Trial, conducted by the American
Cancer Society between September 2005 and August 2008, was a randomized controlled
trial of an educational intervention to increase vegetable and fruit intake and physical
activity. Participants enrolled by contacting the National Cancer Information Center in
Austin, Texas by phone. Eligibility criteria included not having been diagnosed with an
eating disorder, over 18, not pregnant or nursing, and willing to make a change in their

daily habits within the next 2 weeks. Both randomized groups received three self-help
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guidebooks that discussed behavior change strategies and provided educational material
and specific suggestions. Those randomized to the intervention arm also received
counseling by telephone over six months. All participants were evaluated at baseline,
and with follow-up attempts at three-, six-, and 12-months post-randomization. Details
of recruitment and trial procedures have been reported elsewhere (Youngmee Kim, 2009,
“Worksite Telephone Intervention Promoting Weight-Related Health Behaviors”,
unpublished manuscript).

Although participants were recruited from throughout the United States, only
participants residing in cities from which 100 or more participants were recruited were
chosen for the present analysis to improve the detail with which environmental exposures
could be calculated. From 2,623 eligible participants in the NuPA Trial, 1,104 residing in
the metropolitan statistical areas of Atlanta, Georgia; Austin, Texas; Chicago, Illinois;
Knoxville, Tennessee; and Minneapolis/St. Paul, Minnesota were included in the
analysis.

This study and its parent study were approved by the Emory University
Institutional Review Board.
Survey Data

Individual-level demographic information, psychosocial variables, and relevant
medical information were ascertained at baseline. Covariates included in the analysis
were age, sex, race/ethnicity, employment, marital status, educational attainment,
hypercholesterolemia, diabetes types 1 or 2, hypertension, previous diagnosis of cancer,

being sad/blue, and satisfaction with life. Self-reported physical activity in minutes/day
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during the previous three months was ascertained at baseline, three, six, and 12 months
follow-up and categorized as >30 minutes/day or <30 minutes/day.
Geocoding

Participants’ reported mailing addresses were used with the Qualitative Marketing
Software (QMS) Geocoder (QMSoft, Clearwater, Florida) to map participants to census-
defined block groups. Following this first round of geocoding, addresses that had not
been mapped were matched to a block group using one of three alternative methods.
Addresses were located: via the United States Census Bureau American FactFinder
Address function, using the block group shape file in combination with continuously
updated street information from TeleAtlas (TeleAtlas North America, Incoporated,
Lebanon, New Hampshire), or approximated using the QMS Geocoder at the block group
or zip code level. Twenty-eight participants reported post office box mailing addresses.
A detailed description of the geocoding procedures was described elsewhere (Cross, Di
H. “The effects of access to grocers on fruit and vegetable consumption in a randomized
controlled trial”. 2009. Unpublished manuscript). To maintain confidentiality, the
unweighted geographic centroid of the block group was used as the focal point from
which exposures were ascertained.

Environmental-level covariates were obtained from the Claritas Demographic
Update (2007 Update, Claritas Nielson, San Diego, California), and measured within
each block group. These included educational attainment (percentage of block group
residents with a bachelors degree or more, percentage with a high school degree or

equivalent), neighborhood median income, racial composition percentage minority
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including black, Asian, Hispanic, other, and mixed), median age, and unemployment rate
(percentage unemployed) and were categorized into quartiles for analysis.
Exposure ascertainment
Park Access

Participant access to parks (local park/recreation area, national park service land,
and state/local park/forest) was calculated using the United States Geographic Data
Technology, Incorporated (GDT), Park Landmarks shapefile (2007, Environmental
Systems Research Institute, Inc. (ESRI), Redlands, California). Measures of park access
were park diversity (total number of parks within buffer regions with 0.805, and 8.05 km
radii), proximity to parks (distance to the nearest park), and park space (size of the
nearest park as well as the sum of the size of all parks within a buffer region).
Street Connectivity

Data from StreetMap USA (2007, ESRI, Inc., Redlands, California) were used to
calculate street and intersection density within the above-defined proximity buffers.
Measures of street connectivity included the number of 4-way intersections within the
buffer area, number of high-speed 4-way intersections (1 or more tributary streets with a
25 mile/hour (40 km/hour) or greater speed limit), total length of roads within the buffer,
and the combined length of any high-speed (speed limit of 25 miles/hour or more) roads.

All continuous or count measures were categorized into quartiles; where quartiles
were not possible, variables were dichotomized or categorized into tertiles as appropriate.
Statistical analysis

Unadjusted associations
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Baseline individual-level characteristics were examined across study arms using
¥ tests for categorical variables and two sample t-tests with pooled variances for
continuous variables. The overall intervention effect on meeting or exceeding the
threshold of 30 minutes/day of physical activity was modeled as a linear change in risk
across all timepoints using correlated generalized linear models, allowing for an
autoregressive order one correlation between observations from the same participant.

Increase in proportion of participants meeting the recommendation was estimated
for each arm comparing three-, six-, and 12-month follow-up to baseline data across
study arms using a two-way interaction with time and study arm, and across study arm by
physical activity environment categories using a three-way interaction variable consisting
of time, study arm, and characteristics of their physical activity environment. Categories
of the physical activity environment were treated as nominal as well as ordinal variables
in order to test for trend. Allowing for the possibility of no intervention effect, a two-way
interaction between environment and time was also examined. Models were fit via
generalized linear mixed models with autoregressive order one correlation between
observations within individuals and, where appropriate, random effects shared between
individuals residing in the same block group and/or city.

Analyses were repeated adjusting for potential confounders identified as
individual- and environmental-level variables associated with the outcome at the p<0.05
level. City of residence and month of enrollment were also assessed as potential
confounders.

Sensitivity Analyses
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The above analyses were repeated using only data collected from participants who
had been linked to their block group during the first round of geocoding. In addition, the
analyses were repeated in which only participants who reported <30 minutes/day of
physical activity at baseline were included.

Using a proportional hazards survival model with random effects, measures of the
physical activity environment were evaluated to determine whether they were associated
with participant retention in the trial. Random effects for block group and/or city, and
individual- and block-group level covariates were included in the models as appropriate.

All spatial calculations were performed using ArcView 9.2 and statistical analyses

were performed using SAS versions 9.1 and 9.2.

RESULTS

Of 1,104 eligible participants, 1,086 residing in 890 different block groups were
included in the analysis after excluding 17 participants on whom baseline demographic
data were missing, and 1 participant who could not be matched to a block group. From
these, self-reported physical activity information was obtained on 1,085 at the baseline
evaluation, 653 from the 3-month, 540 from the 6-month, and 439 from the 12-month
follow-ups.

The intervention groups did not significantly differ in selected characteristics at
baseline except for a slightly higher frequency of persons who were employed or who
had hypercholesterolemia in the active intervention arm (Table 4.1). Furthermore, less

than 1% of the variation in physical activity levels was explained by either shared city of
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residence or shared block group. Thus, random effects for these variables were not
included in subsequent analyses.

The two intervention groups were balanced on indicators of physical activity
environment at baseline. However, there were some significant differences in the
characteristics of the physical environment between persons who did or did not engage in
>30 minutes/day of physical activity at baseline (Table 4.2). Of note, park diversity at
0.805 and 8.05 km were significantly positively associated with greater physical activity.
This was true for park space within 0.805 km as well. Higher density of high-speed 4-
way intersections (over 25 miles per hour (mph) tributary streets), and high-speed road
lengths (combined total lengths of road with speed limits >25 mph) were also positively
associated with more physical activity.

The associations between baseline physical activity levels and environment
remained significant after controlling for individual- and environmental-level covariates.
Participants with a park within 0.805 km were 10.3% (95% CI: [2.8, 17.7], p=0.004)
more likely to exceed 30 minutes/day of physical activity at baseline than those with
more parks. Similarly, the trend by park diversity (8.05-km) remained significant
(p=0.05) as did the association between baseline behavior and park space accessible
(0.805-km, p=0.01, trend p=0.05). In contrast, the associations with high-speed
intersection (p=0.40, trend p=0.09) and high-speed lengths (p=0.67, trend p=0.33) were
not significant after controlling for other covariates.

A substantial portion of participants in both arms increased their physical activity
to >30 minutes/day during the 12 months of follow-up. Among those randomized to

receive the intervention, 42.6% reported meeting this threshold at baseline. At 3 months
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this increased to 55.0%, at 6 months 57.7% and at 12 months 52.8%. Among those
randomized to receive the control, 51.2% exceeded the threshold at baseline. An increase
was also observed in this group, increasing to 62.8% at 3 months, 55.9% at 6 months, and
56.6% at 12 months. The intervention effect, defined as the difference between the two
arms in the change in percentage of participants meeting the recommendation from
baseline to follow-up, was statistically significant at 6 months with 10.4% more
intervention than control participants increasing to meet the recommended 30
minutes/day (95% confidence interval (CI): [1.6, 19.2]). At 12 month follow-up, a
significantly greater proportion of intervention participants reported >30 minutes/day of
physical activity than at baseline (risk difference (RD): 10.2%, 95% CI: [3.4, 17.0]). In
contrast, the increase from baseline to 12 months among controls was not significant
(RD: 5.4%, 95% CI: [-1.6, 12.4]).

The magnitude of the intervention effect varied by some characteristics of the
physical activity environment found to be associated with physical activity behavior at
baseline, although these interactions and the two-way interactions between physical
activity environment and time were not statistically significant (ps>0.05).

First, by quartiles of numbers of parks within 8.05 km, the highest 12-month
intervention effect was among those with the fewest parks (0 to 12 parks), with an
intervention effect of 9.4% (95% CI: [-10.5, 29.2], p=0.36). In the second and third
quartiles the intervention effects were, respectively, 3.0% (95% CI: [-17.9, 23.9], p=0.78)
and 9.3% (95% CI: [-14.2, 22.1], p=0.67). In the highest quartile, the intervention effect

was 0.3% (95% CI: [19.5, 20.2], p=0.97).
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By tertiles of park area accessible within 0.805 km, participants with no park
space accessible showed a consistent 5-10% intervention effect at 3, 6, and 12 months
(5.2, 8.2, and 5.9% respectively) while the intervention effect was less consistent in the
other two tertiles (second tertile: -3.2, 13.5, -3.6%; third tertile: -3.3, 10.1, 9.3%). A
similar pattern was seen among participants with no parks within 0.805 km. The
intervention effects at 3, 6, and 12 months were 5.2, 8.2, and 5.9% respectively among
those with no parks and -2.9, 12.2, and 3.3% at 3, 6, and 12 months among those with >1
park within 0.805 km.

Adjustment for potential confounders (all individual-level covariates, block
group-level % non-Hispanic white population, block-group level median age, and time-
by-block group-level median age interaction) or for month of response and city of
residence (either as fixed or random effects) did not yield substantively different
conclusions.

Our findings did not materially differ when the analyses were restricted to only
individuals who were successfully mapped during the first round of geocoding, or to
participants who reported <30 minutes/day at baseline. Furthermore, no measures of the
physical activity environment were statistically significantly associated with participant
retention whether loss to follow-up was due to explicit refusal by the participant to
continue in the trial at any time after baseline, or because study staff was unable to

contact the participant.

DISCUSSION
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This is the first study known to the authors to examine objective measures of the
physical activity environment within a randomized controlled trial of an intervention to
increase physical activity. The findings suggest that the effect of the counseling
intervention investigated may differ across measures of the physical activity
environment. However, contrary to the a priori hypothesis — formed based on the
observational literature on the built environment and individual behavior — the greatest
intervention effect was observed among participants with the least access to parks.
Furthermore, there was no evidence suggesting differences in intervention effect across
measures of street connectivity such as intersection density and street density.

The observed patterns were identified despite several limitations. First, a high
proportion of participants reported >30 minutes/day of physical activity at baseline. This
may be explained by the survey measure used which does not distinguish between
leisure- and work-time physical activity, and grouped mild physical activity together with
moderate and vigorous activity. This would decrease the total amount of change in
physical activity behaviors observable in this group of individuals. Second, the physical
activity environmental measures examined were limited to those that may affect outdoor
physical activity. Access to private or community gyms and ownership of equipment at
home were not accounted for in this analysis. However, this association was not
confounded by time as adjustment for seasonality, operationalized as the month of
response, did not change the association between environment and behavior. Third,
exposures were likely misclassified due to the shift from the focal point of interest (the
participant residence) and the focal point used (the block group centroid). This was

limited by the size of block groups and the variability of the exposure across space.
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There is little information quantifying the variability of this exposure across space.
However, the size of block groups ranged between 0.05 km? and 158.0 km? in this study.
All but 3 block groups in the analysis were smaller in total area than the buffer area
enclosed by the 8.05-km radius used for assessing exposure. Additional misclassification
may have occurred because of changes in the environment across time unaccounted for in
this analysis. Participant exposures were assessed using data from 2007 although follow-
up occurred between 2005 and 2008. Both sources of misclassification of the exposures
were likely non-differential with respect to the outcome under study and resulted in bias
towards the null.

This design presents several benefits over directly examining environment and
behavior in longitudinal cohort studies or cross-sectional surveys. First, it is important to
note that behavior change, rather than behavior, was the outcome under study. In
contrast to cross-sectional studies, the current study establishes that the physical activity
environment experienced by participants preceded any observed changes in behavior.
Second, the administration of an intervention is likely to elicit more behavior change in a
population than observational data from a longitudinal study. This leads to greater power
to detect differences in behavior change across different levels of environmental
exposures. And third, contrasting intervention participants with control participants
allows the researcher to factor out the effect of increased knowledge, desirability effects,
or secular trends in behavior change and behavior reporting which may remain
unaccounted for in a longitudinal study.

Overall, the findings are suggestive of an inverse relationship between

intervention effect and access to parks, despite several sources of potential bias towards
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the null. Furthermore, it is striking that the relationship is limited to parks and that null
associations were found with street connectivity. These findings are in contrast to at least
one study conducted examining perceived characteristics of the physical activity
environment [21]. King et al. found that less perceived speeding among drivers, greater
perceived safety, and greater presence of crosswalks in the neighborhood to be associated
with greater intervention effects on physical activity in three different randomized trials.
The difference between the findings reported here and reported by King may be
accounted for by the use of perceived physical activity environment rather than
objectively measured environment, and differences in the intervention administered.
Three different interventions were examined by King et al: one involving a specific
aerobic exercise regimen administered over the phone, another investigating computer-
based community resource support, and another examining telephone-based motivational
interviewing techniques.

Taken together, this study finds evidence suggestive of a causal relationship
between physical activity environment and physical activity behavior. Furthermore, it
demonstrates a novel approach to examining an association that has proven to be
problematic to examine in previous studies. Although the complex social, physical, and
biologic aspects of behavior remain difficult to disentangle, this study design
demonstrates the use of additional tool that may be used in the future. Larger studies and
studies of different interventions should be conducted to match population subgroups to
more appropriate and more effective interventions to address the challenges in attaining

and maintaining population levels of healthy physical activity behaviors.
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Table 4.1. Selected characteristics of participants.

Counseling Self-Help

Variable (n=558) (n=546)
Age (vears)' 42.7 (10.4) 42.5 (10.9)
Sex (%)

Male 104 18.6 108 19.8

Female 454 81.4 438 80.2
Metropolitan Area (%)

Atlanta 100 17.9 86 15.8

Austin 56 10.0 59 10.8

Chicago 54 9.7 51 9.3

Knoxville 47 8.4 53 9.7

Minneapolis 301 53.9 297 54.4
Employed (%) 538 96.6 514 94.1
Married (%) 335 60.0 329 60.5
Education (%)

HS or less 71 12.7 55 10.1

Some college/Tech 160 28.7 178 32.6

College grad 222 39.8 220 40.3

Post college 105 18.8 93 17.0
Ethnicity (%)

White 402 72.7 412 75.6

Black 95 17.2 87 16.0

Hispanic 32 5.8 27 5.0

Other 24 43 19 3.5

missing 5 1
Medical History (%)*

Hypertension 115 20.6 95 17.4

Cancer 43 7.7 36 6.6

Hypercholesterolemia 160 28.7 124 22.7

Diabetes

Type I 1 0.2 4 0.7
Type 11 24 4.3 32 5.9

Satisfied with Life (%) 401 71.9 416 76.2
Feel Sad/Blue (%) 45 8.1 35 6.4

1. mean (standard deviation)

2. Self-reported physician diagnosis or treatment of condition
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Table 4.2. Baseline participant physical activity levels according to
selected physical activity environment characteristics

Variable =30 min/day p trend
%
Number of Parks
Within 0.805 km 0.004 --
None 41.8
One or more 50.8
Within 8.05 km 0.09 0.01
Ql: 0to 12 41.5
Q2: 13 to 47 46.0
Q3: 48 to 105 47.4
Q4: 106 0 192 52.5
Area of parks accessible (km?)
Within 0.805 km 0.04 0.01
TI: None 41.6
T2: (0, 0.028] 51.5
T3: >0.028 49.8
High-speed 4-way intersections
Within 0.805 km 0.13 0.03
Ql: 0 to 24 43.8
Q2: 25to0 55 44.4
Q3: 56 to 86 46.8
Q4: 87 or more 52.9
Road length (over 25 mph, km)
Within 0.805 km 0.18 0.05
Lowest [0, 11.3) 444
Low [11.3, 18.85) 442
High [18.85,26.17) 46.4
Highest >26.15 52.7

p-value for equality of proportions using linear risk difference
Trend test from above model
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Chapter 5:

Effects of grocer access on randomized trial efficacy

The effects of access to grocers on

fruit and vegetable consumption in a randomized controlled trial

Running title: Fruit and vegetable consumption by grocer access

Keywords: access, diet, effect modification, fruits, grocers, randomized controlled trial,
vegetables

Word Count: 3,464

Acronyms: American Cancer Society (ACS), CI (confidence interval), NuPA (Nutrition

and Physical Activity), SE (standard error)
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ABSTRACT

Although fruit and vegetable consumption decreases the risk of chronic disease,
interventions to increase it have demonstrated only modest effects. In addition, cross-
sectional studies suggest a positive association between fruit and vegetable consumption
and grocer access but cannot establish temporality. The randomized trial environment
presents an opportunity to study the temporal relationship between environment and
behavior and identify subgroups for whom counseling interventions may be more
effective. Addresses from 1,104 participants in the Nutrition and Physical Activity Trial
— a nationwide, randomized study of a telephone-based counseling intervention — were
linked with grocer addresses to obtain 3 measures of access: proximity, diversity, and
variety. Self-reported fruit and vegetable consumption was recorded at baseline, 3, 6, and
12 months and investigated using mixed models. The intervention effect was
significantly greater among participants with the lowest access compared to those with
low access (by diversity of grocers, 1.46 servings/day greater (95% confidence interval
(CD): 0.09, 2.00); by variety, 1.21 servings/day (95% CI: 0.66, 2.49)). These findings
support the hypothesis that the built environment is a precursor to individual behavior.
Participants with the least access to grocers may have the most to gain from individual-

level counseling interventions to increase fruit and vegetable consumption.
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INTRODUCTION

Although an estimated 30% of cardiovascular disease and 35% of cancer is linked
to poor diet, few Americans consume diets consistent with patterns which reduce the risk
of these and other chronic conditions (1-3). Current guidelines recommend 4 servings of
fruits and 5 servings of vegetables per day, but data from 2005 show that only 32.6% of
Americans consume fruit 2 or more times a day and 27.2% eat vegetables 3 or more
times per day (4, 5).

Attempts to change dietary patterns have been met with only limited success.
Randomized trials of counseling interventions consistently report limited to moderate
changes in fruit and vegetable consumption with little compelling evidence that these
effects are sustained (6, 7). These moderate effects may be explained by a truly moderate
or null intervention effect or they may be observed due to reporting overall results that
are averaged over heterogeneous effects across participant subgroups (8, 9).

At a population level, identification of such subgroups may be critical to
appropriate allocation of resources (8). Given finite resources, assigning an intervention
to sub-populations where it will be effective would produce a greater population health
benefit. Traditionally, subgroup analysis has been applied to estimate intervention effects
within participant groups characterized by individual-level demographic variables
measured at baseline. However, the literature suggests that examination of intervention
heterogeneity across participant characteristics, rather than within homogeneous groups,
may be more appropriate (10). This has proven fruitful as meaningful differences in
intervention efficacy have been found in participant groups identified by socio-economic

status, and ethnicity (11). However, the observational literature on fruit and vegetable
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consumption suggests that environmental-level characteristics may also be important
predictors of individual behavior, even after controlling for individual-level
characteristics (12-15).

Findings from a number of cross-sectional studies suggest that access to grocers
where one can purchase produce is associated with individual fruit and vegetable
consumption, although study findings have not always been consistent (16-18).
However, it is difficult to determine whether access is a precursor to behavior or vice
versa in cross-sectional studies (19). While individual consumption patterns may be
influenced by the local food environment, it is equally plausible that the local food
environment is influenced by individual consumption, if only in aggregate. This
limitation is not strictly due to study design, but is rooted in the nature of the exposure,
making it difficult to execute a study that would provide a higher level of evidence such
as a randomized trial of high access versus low access to grocers. Even longitudinal
studies of behavior cannot overcome this challenge because a participant with a given
behavioral intent may choose a residence based in part on the local environment, rather
than vice versa. In either case, analysis of study data would result in the same observed
association.

This study demonstrates an alternative solution, addressing the question of
temporality by examining grocer access as a modifier of the effect of a counseling
intervention designed to improve lifestyle behaviors. Using the framework of
VanderWeele and Robins, heterogeneity in the intervention effect may arise if both the
intervention and the exposure are causes of the outcome (20). Overall, the intervention

was associated with increased change in fruit and vegetable consumption (University of
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Miami, unpublished manuscript: “Worksite Telephone Intervention Promoting Weight-
Related Health Behaviors”). Based on this finding and the observational literature, the
authors hypothesize that participants who were randomized to the intervention arm will
increase their consumption more than those in the comparison arm, and that this group
difference will be larger among participants with greater access to grocers than those with
less access.
MATERIALS AND METHODS
Participants

This study is derived from the Nutrition and Physical Activity (NuPA) Trial
conducted by the American Cancer Society between September 2005 and August 2008.
Of 2,623 eligible participants (not having been diagnosed with an eating disorder, over
18, not pregnant or nursing, and willing to make a change in their daily habits within the
next 2 weeks), 1,353 were randomized to the intervention arm and 1,270 to the
comparison arm. The intervention arm received 3 guidebooks discussing changes in
lifestyle behaviors and 6 telephone counseling sessions conducted over 6 months.
Participants in the comparison arm received only the 3 guidebooks. Detailed description
of recruitment procedures and characteristics of the entire study population are reported
elsewhere (University of Miami, unpublished manuscript: “Worksite Telephone
Intervention Promoting Weight-Related Health Behaviors™).

As participants were recruited from throughout the United States, only cities,
defined by boundaries of metropolitan statistical area, with 100 or more participants were
included in the present analysis in order to maximize the detail with which grocer access

could be calculated. Residents of Atlanta, Georgia; Austin, Texas; Chicago, Illinois;
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Knoxville, Tennessee, and Minneapolis/St. Paul, Minnesota were included and totaled
1,104 at baseline.

This study and its parent study were approved by the Emory University
Institutional Review Board.
Geocoding

Participants were geocoded to a block group using the Qualitative Marketing
Software (QMS) Geocoder (QMSoft, Clearwater, Florida) based on mailing address
reported for delivery of guidebooks. The location of the full address was not used for
analysis to maintain confidentiality. A random sample of 10% of all addresses linked at
the precision level of the residence were examined for accurate pairing with the block
group code using the address search function on the United States (U.S.) Census website
and data from the 2000 Census (21). Addresses that could not be found in this manner
were assumed to be new and were located using Google Earth and the U.S. Census Block
Groups shapefile (2007, Environmental Systems Research Institute, Inc. (ESRI),
Redlands, California). All addresses that were approximated at the block group or zip
code level were examined using the same procedure. Where codes obtained from
different data sources disagreed, preference was given to the code obtained from, in
order, the census address tool, the block group shapefile, and the QMS-approximated
block group.

The majority of participants (N=947, 85.8%) were geocoded during the first
round. All addresses sampled from this group for further verification produced codes that
were consistent between the Census address tool and the QMS Geocoder. The majority

of participants whose addresses were approximated at the block group or zip code level
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during the first round (N=157), were linked to a block group using one of the other 2
methods (29 using the Census, 96 using the shapefile). Approximated block groups were
used for 28 participants who reported a post office box as their mailing address.

The unweighted geographic centroid of the block group was used as the focal
point for assessing access to grocers. Block group-specific covariates were obtained
from the Claritas Demographic Update (2007 Update, Claritas Nielson, San Diego,
California), and locations of grocers were obtained from the Dun & Bradstreet Million
Dollar Database (December 2007, Dun & Bradstreet, Short Hills, New Jersey).
Exposure Ascertainment

The Dun & Bradstreet (D&B) Million Dollar Database provides data on
businesses meeting one or more of the following criteria: (1) conducted $1 million or
more in sales, (2) have 20 or more employees, or (3) have branches with 50 or more
employees (22, 23). Smaller businesses were excluded from exposure assessment,
consistent with the literature suggesting that it is the larger chains and businesses that
contribute to greater consumer access to fruits and vegetables (24-26). Businesses with
primary North American Industry Classification System codes of 44523 (fruit and
vegetable specialty markets) or 44511 (supermarkets and other grocery stores, except
convenience stores) were included in the analysis.

Each business was mapped using the longitude and latitude from the D&B
database. Combining that information with block group centroids, 3 measures of grocer
access were adapted from the work of Apparicio et al: (1) proximity: the distance from
the focal point to the nearest grocer; (2) diversity: the number of grocers within a buffer

distance from the focal point; and (3) variety: the average distance from the focal point to
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the 3 nearest differently named grocers (27). Both 0.805-km (0.5-mile) and 8.05 km (5-
mile) buffers were used for calculating diversity, assuming non-motorized and motorized
transport, respectively (28).

All spatial calculations were performed using ArcView 9.2 (ESRI, Inc., Redlands,
California), and were dichotomized or, where possible, treated in quartiles. Quartiles are
referred to as highest, high, low, and lowest.

Outcomes

Fruit and vegetable consumption was measured at baseline and at each follow-up
as the sum of self-reported servings/day of fruit and vegetable consumption, using the
past 3 months as the reference period. Unreasonable values of 30 combined servings per
day or greater were excluded from the analysis.

Covariates

Individual-level variables that may influence behavior were assessed at baseline.
Covariates included age, sex, race/ethnicity, employment, marital status, educational
attainment, hypercholesterolemia, diabetes types 1 or 2, hypertension, previous diagnosis
of cancer, being sad/blue, and satisfaction with life. Environmental-level covariates were
assessed on the block group level and included educational attainment (% of block group
residents with a bachelors degree or more, % with a high school degree or equivalent),
neighborhood median income, racial composition (% minority including black, Asian,
Hispanic, other, and mixed), median age, and unemployment rate (% unemployed). These
data were obtained from the Claritas Demographic Update (2007) and were categorized
into quartiles.

Statistical Analysis
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Of 1,104 participants, 17 were excluded from analysis due to missing baseline
covariate data. One additional participant was excluded because the reported mailing
address could not be geocoded to any block group. The 1,086 remaining participants
resided in 890 different block groups and reported 2,708 assessments, of which 1,065
were at baseline, 655 at 3 months, 547 at 6 months, and 441 at 12 month follow-up
evaluations.

Unadjusted associations. Individual-level covariates and exposure variables were
examined across study arms using y” tests. The associations between fruit and vegetable
consumption and exposure variables were examined at baseline using linear mixed
models with random effects for block group and city. Average fruit and vegetable
consumption at baseline and each follow-up, and average change in consumption from
baseline were compared across study arms using separate mixed models for each time-
point, again including random effects for block group and city. Linear mixed models
were used to examine all follow-ups together including at baseline. Models were fit via
restricted maximum likelihood estimation allowing autoregressive order one correlation
between observations within a given individual and between individuals sharing a block
group and/or city. Average change in fruit and vegetable consumption was estimated
across exposure-by-study arm groups to identify exposure variables with statistically
significant heterogeneity in the intervention effect at the 0.05 level.

Adjusted associations. All individual-level covariates were included in adjusted
models as potential predictors of baseline fruit and vegetable consumption. Each
individual-level covariate was then assessed separately as a potential predictor of

behavior change using a covariate-by-time interaction. Block group-level covariates
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were only examined in models already adjusted for analogous individual-level covariates.
Interactions and block-group level covariates that were significantly associated with
behavior or behavior change at the 0.05 level were included in the fully adjusted model
along with all individual-level covariates. The main effects of interest were the estimated
changes in fruit and vegetable consumption associated with exposure-by-time-by-study
arm interactions.

Sensitivity Analysis. Sensitivity analysis was performed excluding participants
whose block group codes were approximated at the block group or zip code level and
participants who reported a post office box mailing address in order to assess the
potential effect of misclassification occurring from block group codes obtained using
different methods.

Survival analysis was performed to determine whether access to grocers was
associated with loss to follow-up, adjusting for correlation between participants from the
same block group and/or city, and individual- and block group-level covariates.

All statistical analyses were performed using SAS 9.1 and 9.2.

RESULTS
Unadjusted analysis

There were no significant imbalances in individual-level covariates (Table 5.1) or
block group-level exposures (Table 5.2) by study arm, with 2 exceptions:
hypercholesterolemia was prevalent in 6% more of those randomized to intervention than
to the comparison arm and employment was slightly higher among those in the
comparison arm than those in the intervention arm. A substantially larger portion of

participants were recruited from Minneapolis/St. Paul, Minnesota (54.2%) than from
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other cities (University of Miami, unpublished manuscript: “Worksite Telephone
Intervention Promoting Weight-Related Health Behaviors™”). At baseline, fruit and
vegetable consumption ranged between 0 and 12 servings/day and did not differ by
diversity or proximity. However, participants with a high variety of grocers at baseline (3
grocers within 1.848 to 2.59 km average distance, 3.92 servings/day, 95% confidence
interval (CI): 3.62, 4.21) reported a greater average fruit and vegetable consumption than
other quartiles (Table 5.3). There was no detectable trend in baseline fruit and vegetable
consumption by any measure of grocer access.

Although average consumption did not significantly differ by study arm at any
time-point (Figure 5.1), average consumption did significantly increase from baseline to
follow-up. Participants from both arms increased consumption by an average of 0.92
servings/day at 3 months (N=648, 95% CI: 0.78, 1.06), 0.97 servings/day at 6 months
(N=541, 95% CI: 0.82, 1.13), and 1.13 servings/day at 12 months (N=432, 95% CI: 0.96,
1.31). Despite similarities between study arms at each follow-up, there was a cumulative
intervention effect. Based on a linear mixed model examining change from baseline,
participants in the intervention arm increased fruit and vegetable consumption by an
average of 1.32 servings/day compared to baseline at 12 months (N=228, 95% CI: 1.07,
1.55), which was significantly more than participants in the comparison arm who
increased consumption by an average of 0.94 servings/day (N=204, 95% CI: 0.68, 1.19,
P=0.04).

Fruit and vegetable consumption was significantly associated with 2 exposure-by-
time-by-study arm interactions: diversity of grocers within 8.05 km (P =0.04) and variety

of grocers (P =0.02).
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Adjusted analysis
The magnitude of changes associated with the interaction of diversity (8.05-km)
and variety with time and study arm did not substantially change after adjusting for

significant individual- and block group-level covariates. However, p-values were

Figure 5.1. Mean fruit and vegetable consumption by Study at Each Follow-up Among
Participants in the Nutrition and Physical Activity Trial Study in Atlanta, Georgia;
Austin, Texas; Chicago, Illinois; Knoxville, Tennessee; and Minneapolis/St. Paul,
Minnesota; September 2005-August 2008

550
és
£ 5.00 | T
2
: JJ
e
=
450
: l J J
w
=]
=]
£
2 A
X 400
-‘H‘
L
T
K4
-
T 350 ]
=
=
3.00 . .

0 3 0 9 12
Follow-Up Time (months)

Intervention arm () and comparison arm ()

Bars shown for 95% confidence intervals accounting for random effects of block group and city
Statistically significant increase from intake to 3-, 6- and 12-month follow-ups (Ps<0.0001).

N=541, 325, 270, and 233 for intervention arm at intake, 3, 6, and 12 months and 524, 330, 277, and 208
for comparison arm



105

attenuated to 0.08 and 0.05, respectively. No individual- or block group-level covariate-
by-time interaction was significantly associated with fruit and vegetable consumption.
Thus, fully adjusted models included only first-order terms for individual- and block
group-level covariates. Among block group-level covariates, proportion of residents with
a bachelors’ degree, proportion of black non-Hispanic residents, and proportion Hispanic
Figure 5.2. Mean Change in Fruit and Vegetable Consumption from Baseline By
Diversity of Grocers and Study Arm Among Participants in the Nutrition and Physical

Activity Trial Study in Atlanta, Georgia; Austin, Texas; Chicago, Illinois; Knoxville,
Tennessee; and Minneapolis/St. Paul, Minnesota; September 2005-August 2008
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residents were associated with fruit and vegetable consumption after adjusting for
individual-level covariates. City of residence did not explain any differences in average
consumption.

Figure 5.3. Mean Change in Fruit and Vegetable Consumption from Baseline By Variety of
Grocers and Study Arm Among Participants in the Nutrition and Physical Activity Trial in

Atlanta, Georgia; Austin, Texas; Chicago, Illinois; Knoxville, Tennessee; and Minneapolis/St.
Paul, Minnesota; September 2005-August 2008
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Significant differences in intervention effect were found in the fully adjusted
models. At 12 months, participants with the lowest diversity (0 to 6 grocers within 8.05-
km) increased fruit and vegetable consumption by 1.61 servings/day (95% CI: 1.12, 2.10)
among those in the intervention arm in contrast to 0.58 servings/day (95% CI: 0.09, 1.07)
in the comparison arm (Figure 5.2). This intervention effect was 1.46 servings/day (95%
CI: 0.50, 2.42) greater than the smallest intervention effect, observed among participants
with low diversity (7 to 12 grocers within 8.05-km, intervention arm: 0.93 servings/day,
95% CI: 0.48, 1.38; comparison arm: 1.36 servings/day increase, 95% CI: 0.85, 1.87).

Similarly, participants residing in block groups with the lowest variety of grocers
(> 4.10 km average to reach 3 differently named grocers) reported significantly greater
changes in fruit and vegetable consumption than other participants (Figure 5. 3). These
participants increased consumption by 1.48 servings/day (95% CI: 1.00, 1.96) in the
intervention arm compared to 0.53 servings/day (95% CI: 0.01, 1.05) in the comparison
arm. This intervention effect was 1.21 servings/day (95% CI: 0.22, 2.19) greater than
participants with a low variety of grocers (2.59 to 4.10 km, intervention arm: 1.05
servings/day increase, 95% CI: 0.57, 1.54; comparison arm: 1.31 servings/day increase,
95% CI: 0.82, 1.80).

Sensitivity analysis

Analysis using a compound symmetric correlation structure for observations from
the same participant and analysis restricted to only those who were geocoded to their
residence during the first round did not yield materially different results. Empirical

estimates could not be obtained due to unequal distribution and small numbers of
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observations in each block group. Independent effects of variety and diversity could not
be obtained because of the high correlation between these measures (p>0.5).

No exposures were significantly associated with loss to follow-up in survival
analysis.

DISCUSSION

This is the first study known to us to examine grocer access as a modifier of the
intervention effect on fruit and vegetable consumption in a randomized trial. In contrast
to the stated hypothesis, the largest intervention effect was observed among participants
with the lowest diversity and variety of grocers.

The heterogeneity in the intervention effect cannot be explained by differences in
baseline behavior. Based on the observational literature, greater access to grocers should
have been associated with higher consumption of fruits and vegetables. Intuitively, these
participants are also less likely to further increase consumption at follow-up. This would
explain a greater intervention effect among participants with less access to grocers.
However, this was not the case in this study. Although participants with high variety of
grocers had significantly higher fruit and vegetable consumption at baseline, the greatest
difference in intervention effect was observed between those with low and lowest variety
of grocers. Furthermore, there was no significant difference in baseline consumption
across quartiles of grocer diversity. This lack of a cross-sectional association between
consumption and access has been reported in some populations and may be under-
reported in others (17).

The magnitude of the differences observed here are meaningful in terms of

chronic disease risk reduction and comparable to findings from other randomized trials.
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Observational studies report a significant 4% decrease in the risk of coronary heart
disease with every 1 serving/day increase in fruit and vegetable consumption and a 6%
decrease across all cancers (29, 30). The difference in intervention effect here exceeds
that magnitude and is similar to findings from a meta-analysis of dietary advice
performed by Brunner et al, who reported an average intervention effect of 1.25
servings/day increase in fruit and vegetable consumption (6). The authors concluded that
there was little evidence to support maintenance of intervention effects past 10 months
based on the reviewed studies. In contrast, the greatest intervention effect in this study
was observed at 12 months follow-up or 6 months after the intervention was completed.
This differential maintenance effect cannot be explained by loss to follow-up as there was
no difference in participant retention across levels of grocer access.

There are several limitations to this study. First, variety and diversity could not
be examined simultaneously as they were highly correlated. Future work may recruit
participants stratified on these variables in order to determine the independent effects of
variety and diversity which may reflect different aspects of the local food environment.
Second, studies comparing commercially available business listings to other data sources
highlight the potential for misclassification of businesses across different sources and
suggest closer examination to determine which sources are most appropriate for the
purposes of research (31, 32). The Dun and Bradstreet Million Dollar Database was used
in this study because it is continuously updated and has nation-wide coverage, insuring
greater comparability of data quality between the 5 different cities studied. This is in
contrast to feasible alternatives which would have required combining data obtained from

several different sources such as local health departments and across different time-



110

points. Third, participants could not be linked to their exact residence due to concerns for
confidentiality. The use of block group centroids rather than participant addresses
introduces misclassification of the exposure because the focal point from which
participant exposure is calculated is shifted. However, the amount of shift is limited by
the size of the block groups which, in this study, ranged in size between 0.05 and 158.0
km?. In contrast, the area contained within an 8.05-km buffer is a much greater 203.6
km®. The resulting misclassification is likely to be limited and non-differential with
respect to the outcome. This would result in a bias toward the null. Fourth, this study
does not account for participant re-location during the study. While difficult to quantify
since the parent study was not designed to investigate residential exposures, this is also
likely to result in a bias towards the null as re-location would likely be non-differential
with respect to the outcome. Last, exposures were calculated for 2007 while follow-up
occurred between September 2005 and August 2008. This is also likely to result in non-
differential misclassification and result in a bias towards the null.

Despite limitations, this study presents a novel method for examining a
problematic exposure-behavior relationship. Furthermore, the findings were robust to
changes in adjustment variables and correlation structure despite several sources of
potential bias towards the null. These findings suggest that there are significant
differences in the effect of a fruit and vegetable consumption intervention by access to
grocers. Participants who had the lowest access to grocers experienced the greatest
benefit from the individual-level counseling intervention. These findings are counter-
intuitive given the observational study literature but they are not necessarily

contradictory. Together, they suggest a more complex relationship between access and
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behavior than previously thought but support the hypothesis that access to outlets to
purchase fruits and vegetables is a causal factor in determining individual fruit and

vegetable consumption.
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Table 5.1. Characteristics of Participants in the NuPA Study in Atlanta, Georgia;
Austin, Texas; Chicago, Illinois; Knoxville, Tennessee; and Minneapolis/St. Paul,
Minnesota; September 2005-August 2008

Intervention Comparison
(N=558) (N=546)
Variable No. % No. % P
Age mean(SD)" 42.7 (10.4) 425  (10.9) 0.79
missing 1 7
Sex 0.63
Male 104 18.6 108 19.8
Female 454 81.4 438 80.2
City 0.83
Atlanta, Georgia 100 17.9 86 15.8
Austin, Texas 56 10.0 59 10.8
Chicago, Illinois 54 9.7 51 9.3
Knoxville, Tennessee 47 8.4 53 9.7
Minneapolis, Minnesota 301 53.9 297 54.4
Employed 0.05
Yes 538 96.6 514 94.1
No 19 34 32 59
missing 1 0
Marital Status 0.88
Yes 335 60.0 329 60.5
No 223 40.0 215 39.5
missing 0 2
Education 0.31
HS or less 71 12.7 55 10.1
Some college/Tech 160 28.7 178 32.6
College grad 222 39.8 220 40.3
Post college 105 18.8 93 17.0
Ethnicity 0.70
White 402 72.7 412 75.6
Black 95 17.2 87 16.0
Hispanic 32 5.8 27 5.0
Other 24 4.3 19 3.5
missing b 1
Medical History®
Hypertension 115 20.6 95 17.4 0.17
Cancer 43 7.7 36 6.6 0.47

Hypercholesterolemia 160 28.7 124 22.7 0.02



Diabetes®
Type I 1
Type 11 24
Satisfaction with Life
Yes 401
No 157
Feeling Sad/Blue
Yes 45
No 513

0.2
4.3

71.9
28.1

8.1
91.9

4
32

416
130

35
511

0.20
0.7
59
0.10
76.2
23.8
0.29
6.4
93.6

Abbreviations: SD, standard deviation
P-values reported for x2 test except where
indicated.

1. 2-sample t-test, pooled variance

2. Self-reported physician diagnosis or treatment of

condition
3. Fisher exact test
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Table 5.2. Access to Grocers By Study Arm Among Participants in the NuPA Study

in Atlanta, Georgia; Austin, Texas; Chicago, Illinois; Knoxville, Tennessee; and

Minneapolis/St. Paul, Minnesota; September 2005-August 2008

Intervention Comparison
(N=558) (N=546) P
Exposure No. % No. %o
Diversity
Grocers within 0.805 km 0.88
Low None 479 85.8 467 85.5
High One or more 79 14.2 79 14.5
Grocers within 8.05 km 0.40
Lowest 0to6 139 249 143 26.2
Low 7to 12 153 27.4 142 26.0
High 13 to 20 148 26.5 127 233
Highest 21 and over 118 21.1 134 24.5
Variety
Average distance to 3 different (km) 0.96
Lowest over 4.10 141 253 136 24.9
Low [2.59,4.10) 141 253 140 25.6
High [1.848, 2.59) 150 26.9 141 25.8
Highest [0, 1.848) 126 22.6 129 23.6
Proximity
Distance to nearest grocer(km) 0.82
Lowest over 2.82 134 24.0 138 25.3
Low (1.74, 2.82] 143 25.6 143 26.2
High (1.60, 1.74] 152 27.2 135 24.7
Highest [0, 1.60] 129 23.1 130 23.8

P-values reported for y2 test
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Table 5.3. Fruit and vegetable consumption by access to grocers at baseline Among
Participants in the NuPA Study in Atlanta, Georgia; Austin, Texas; Chicago, Illinois;
Knoxville, Tennessee; and Minneapolis/St. Paul, Minnesota; September 2005-August
2008

Exposure Baseline (N=1,065) P Trend
Mean 95% CI1

Diversity
Grocers within 0.805 km 0.23
Low None 3.67 3.47,3.88
High One or more 3.47 3.13,3.82
Grocers within 8.05 km 0.48 0.44
Lowest Oto6 3.51 3.24,3.78
Low 7to 12 3.61 3.35,3.88
High 13 to 20 3.73 3.46, 4.00
Higher 21 and over 3.73 3.45,4.02
Variety
Average distance to 3 different (km) 0.02 0.84
Lowest over 4.10 3.66 3.36,3.96
Low [2.59, 4.10) 3.60 3.30, 3.89
High [1.848, 2.59) 3.92 3.62,4.21
Highest [0, 1.848) 3.40 3.09, 3.70
Proximity
Distance to nearest grocer (km) 0.32 0.58
Lowest over 2.82 3.69 341,397
Low (1.74, 2.82] 3.76 3.48,4.03
High (1.60, 1.74] 3.66 3.38,3.94
Highest [0, 1.60] 3.46 3.17,3.75

Abbreviations: CI, Confidence Interval, km, kilometers

Notes:

Mean consumption at baseline by exposure group using mixed linear models with for random effects for
block group and city

P-value shown for difference in mean using mixed linear models, including random effects for block
group and city.

Test for trend using mixed linear models, as above, restricting to a linear relationship between quartiles
Conclusions were not substantively different using the original continuous variable.
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Restricted to those Geocoded During the First Round

Results. The main analyses for fruit and vegetable consumption were repeated
restricting to only those participants who were geocoded to their residence during the first
round of geocoding. This included 947 participants (Table 5.4). The characteristics of
participants who were excluded from the analysis did not greatly differ from those who
were included. However, they were more likely to be residents of Atlanta, Georgia, more
likely to be black and less likely to be white.

Among those participants included in this analysis, 932 reported fruit and
vegetable consumption (FVC) in at least one follow-up. In total 2,342 observations were
recorded from these participants. Analyses were adjusted for individual-level age,
gender, ethnicity, education, marital status, employment status, chronic conditions,
previous cancer diagnosis, satisfaction with life, feeling sad/blue, and BG-level racial
composition and education.

Thus restricted, the adjusted mean changes in FVC by study arm and grocer
diversity (Figure 5.4) did not substantially differ from the means reported in the standard
analysis. For example, at three months in the standard analysis, the mean change in FVC
in the comparison arm from lowest to highest quartile of grocer diversity among those in
the comparison arm were 0.74, 1.05, 0.91, 0.50 srv/day (Figure 5.2a). In the restricted
analysis, 3-month changes in FVC in the comparison arm were 0.82, 1.02, 0.73, and 0.58
srv/day (Figure 5.4a), only nominally different in magnitude from the standard analysis.
The same appeared to be true of the intervention arm at 3, 6, and 12 months, and of the
comparison arm at 12 months. However, at 6-months, the restricted analysis seems to

indicate a linear increase in FVC with increasing quartile of grocer diversity through the
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Table 5.4. Demographic Characteristics of Participants in the Nutrition and Physical Activity
(NuPA) Study Residing in Atlanta, GA; Austin, TX; Chicago, IL; Knoxville, TN; and
Minneapolis/St. Paul, MN. Contrasting those who were geocoded during the first round
[Geolevel Indicator (GLI) = Residence (R)] and those who were not [ GLI=block group (B), ZIP
code (Z2)].

Included Excluded
N=947 N=157
Variable N
Age mean(sd)’ 42.79 10.73 41.27 9.98 0.10
missing 7 1
Sex 0.40
Male 178 18.8 34 21.7
Female 769 81.2 123 78.3
Metropolitan Area 0.04
Atlanta 147 15.5 39 24.8
Austin 101 10.7 14 8.9
Chicago 95 10.0 10 6.4
Knoxville 88 93 12 7.6
Minneapolis 516 54.5 82 52.2
0.61
Employment Status
Yes 901 95.2 151 96.2
No 45 4.8 6 3.8
missing 1 0
Marital Status 0.55
Yes 566 59.9 98 62.4
No 379 40.1 59 37.6
missing 2 0
Education 0.74
HS or less 109 11.5 17 10.8
Some college/Tech 292 30.8 46 29.3
College grad 373 39.4 69 43.9
Post college 173 18.3 25 15.9
Ethnicity 0.00
White 713 75.7 101 64.7
Black 142 15.1 40 25.6
Hispanic 53 5.6 6 3.8
Other 34 3.6 9 5.8
missing 5 1
Medical History®
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Hypertension 186 19.6 24 15.3 0.20
Cancer 70 7.4 9 5.7 0.46
Hypercholesterolemia 245 259 39 24.8 0.78
Diabetes’ 0.28
Type | 3 0.3 2 1.3
Type 11 49 52 7 4.5
Satisfaction with Life 0.67
Yes 703 74.2 114 72.6
No 244 25.8 43 27.4
Feeling Sad/Blue
Yes 66 7.0 14 8.9
No 881 93.0 143 91.1

p-values reported for %2 test except where indicated

1. 2-sample t-test, pooled variance

2. Self-reported physician diagnosis or treatment of condition
3. Fisher exact test

high quartile, at which point the increase in FVC becomes level (Figure 5.4b). Although
this pattern was not observed in the standard analysis, the difference lay in only one data
point. While the restricted analysis suggested a steady increase from the lowest through
the highest quartile, the standard analysis suggested an increase from the lowest through
the high quartile, and then a drop in the highest quartile.

The restricted analysis of grocer variety (Figure 5.5) also suggested only minimal
differences from the standard analysis (Figure 5.3). Relative patterns remained the same
among those randomized to the comparison arm and mean change in FVC remained
below 1 srv/day with the exception of the highest quartile at 3-month and 6-month
follow-ups, and the low quartile at 12 months. This was true of both the standard and
restricted analyses. Among those randomized to the intervention, patterns of FVC

change at 3- and 12-month remained similar between the two analyses. However, the




Figure 5.4. Change in fruit and vegetable consumption (FVC, in servings/day) from intake by grocer diversity within 8.05-km. Restricted to 2,342
observations where participants were geocoded to their residence during the first round.
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Figure 5.5. Change in fruit and vegetable consumption (FVC, in servings/day) from intake by grocer variety (p=0.07). Restricted to 2,342 observations

where participants were geocoded to their residence at the first round.
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steady increase in change in FVC with increasing grocer variety from the restricted
analysis (lowest to highest quartile: 0.95, 1.12, 1.24, 1.32 srv/day) was not an obvious
replication of the pattern observed in the standard analysis (lowest to highest quartile:
1.13, 1.13, 1.12, 1.45). The different is largely explained by the higher change in FVC
in the lowest quartile of grocer diversity.

Taken together, the relative differences in change in FVC by study arm across
levels of grocer diversity were not meaningfully changed when the analyses were
restricted to those who were geocoded during the first round. Also of note, at 12 months,
the largest difference in change in FVC across study arms, or intervention effect, was still
observed in the lowest quartile of both grocer diversity and variety.

Conclusions. These analyses were undertaken in order to assess the potential effect of
geocoding errors on the main research question. As such, these analyses included only
participants for whom we are more certain of the correct geocoding linkage from the
mailing address to the block group . While this serves to decrease the effect of potential
misclassification, it also serves to decrease the sample size with which the analysis can be
performed. Although patterns in FVC change in some study arm-by-grocer diversity or
variety groups were slightly different in the restricted analysis, the conclusions from
these analyses do not differ from those drawn from results in the standard analysis.

These results are consistent with a greater intervention effect among those in the lowest
quartile of grocer diversity and variety in comparison to participants in the low, high, and

highest quartiles.

Imputation Analysis
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Results. Missing values for fruit and vegetable consumption (FVC) were
imputed using linear regression for each follow-up among participants with complete
baseline demographic data (N=1,086). Five complete datasets with 4,344 observations
each (4 evaluation points x 1,086 participants) were imputed (Table 5.5).

Since the data were not monotonically missing, collected data were made to be
monotonic by initially omitting data that were collected after 1 or more missed follow-
ups. Using this monotonic dataset containing 1, 360 observations, 1,919 missing data
points were filled in regressing on all individual-level covariates (age, gender, education,
ethnicity, satisfaction with life, city, employment status, marital status,
hypercholesterolemia, diabetes, hypertension, cancer, whether the participant felt
sad/blue) and select environmental- or block group-level covariates (proportion with a
bachelors degree, proportion black non-Hispanic, proportion Hispanic) and grocer variety
and diversity (8.05-km). For follow-up evaluations after baseline, all previous fruit and
vegetable consumption, whether imputed or originally collected, were also included in

the regression.

Table 5.5. Description of collected, monotonic, imputed, and replaced data points from
the 1,086 participants with complete baseline demographic data. Total data points (per
dataset) = 4,344 (4 follow-up time points x 1,086 participants).

Collected Monotonic Used Imputed Replaced
Baseline 1,065 1,065 21 0
3 Months 655 648 431 7
6 Months 547 434 539 113
12 Months 441 278 645 163
Total data points: 2,708 1,360 1,636 283

Adjusted analysis as described in the main study was repeated for grocer variety

and diversity within 8.05 km (5 miles) to determine the potential effect of loss to follow-



Figure 5.6. Change in Fruit and Vegetable Consumption (FVC) from Baseline by Diversity of Grocers and Study Arm Among Participants in the
Nutrition and Physical Activity (NuPA) Study in Atlanta, Georgia; Austin, Texas; Chicago, Illinois; Knoxville, Tennessee; and Minneapolis/St.
Paul, Minnesota; September 2005-August 2008. Change from baseline at (a) three months, (b) six months, and (¢) twelve months in servings per
day.
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e Bars shown indicate 95% confidence intervals for adjusted mean

e Adjusted for individual-level age, gender, ethnicity, education, marital status, employment status, chronic conditions, previous cancer diagnosis, satisfaction
with life, feeling sad/blue, and block group-level racial composition and education

e Missing values imputed regressing on all individual-level covariates (age, gender, education, ethnicity, satisfaction with life, city, employment status, marital
status, hypercholesterolemia, diabetes, hypertension, cancer, whether the participant felt sad/blue) and select environmental- or block group-level covariates
(proportion with a bachelors degree, proportion black non-Hispanic, proportion Hispanic) and grocer variety and diversity (8.05-km). For follow-up
evaluations after baseline, all previous fruit and vegetable consumption, whether imputed or originally collected, were also included in the regression.
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Figure 5.7. Change in Fruit and Vegetable Consumption (FVC) from Baseline by Variety of Grocers and Study Arm Among Participants in the
Nutrition and Physical Activity (NuPA) Study in Atlanta, Georgia; Austin, Texas; Chicago, llinois; Knoxville, Tennessee; and Minneapolis/St.
Paul, Minnesota; September 2005-August 2008. Change from baseline at (a) three months, (b) six months, and (¢) twelve months in servings per

day.
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e  Adjusted for individual-level age, gender, ethnicity, education, marital status, employment status, chronic conditions, previous cancer diagnosis, satisfaction
with life, feeling sad/blue, and block group-level racial composition and education

e Missing values imputed regressing on all individual-level covariates (age, gender, education, ethnicity, satisfaction with life, city, employment status, marital
status, hypercholesterolemia, diabetes, hypertension, cancer, whether the participant felt sad/blue) and select environmental- or block group-level covariates
(proportion with a bachelors degree, proportion black non-Hispanic, proportion Hispanic) and grocer variety and diversity (8.05-km). For follow-up
evaluations after baseline, all previous fruit and vegetable consumption, whether imputed or originally collected, were also included in the regression.
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up on the estimation of change in FVC from intake until follow-up by study arm-by-PA
environment categories.

In contrast to the standard analysis, there was no statistically significant three-way
interaction between study arm, time, and grocer diversity or variety (Ps > 0.05) in
imputed analyses.

In the analysis of grocer diversity, this is likely because the direction of change in
fruit and vegetable consumption remained the same while some differences in FVC
change became attenuated. For example, in the standard analysis for change in FVC by
grocer diversity at 3 months (Figure 5.2a), the difference between intervention arm and
comparison arm were approximately 0.34 srv/day and -0.26 srv/day in the quartile with
lowest and low diversity of grocers, respectively. However, in the imputation analysis
(Figure 5.6a) the differences in change in FVC in the same quartiles are 0.24 sr/vday and
-0.29 srv/day, respectively. Similar patterns were observed at 6 and 12 months (Figures
5.6b and 5.6¢).

The same cannot be said about the analysis of grocer variety. While there was
not a significant difference between the standard analysis and the imputed analysis in the
direction of FVC change at 3 months, patterns were substantially different at 6 and 12
months. In the standard analysis change in FVC among those in the comparison arm
were (from lowest to highest quartile) 0.78, 0.85, 0.61, and 1.00 srv/day (Figure 5.3a).
Similarly, in the imputation analysis (Figure 5.7a), the changes were 0.76, 0.87, 0.85,
and 0.98 srv/day. Among participants in the intervention arm, at 3 months results from
standard analysis and imputed analysis were similar as well. However, at 6 months, the

imputed analysis seems to indicate a steady increase in change in FVC with increasing
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variety of grocers among those in the intervention arm. This pattern was not observed in
the standard analysis. Furthermore, the changes in FVC among those in the comparison
arm were almost identical in the imputed analysis (from lowest to highest quartiles) at
0.77,1.10, 0.78, and 1.05 srv/day and in the standard analysis at 0.73, 1.10, 0.78, and
1.05 srv/day.

Conclusions. Formal statistical tests using the imputed data did not identify
significantly different intervention effects across groups of participants with different
diversity and variety of grocers in their local environments. However, the magnitude and
direction of changes in FVC were similar to that found in the standard analysis. This, in
combination with findings from analysis of survival time of loss of contact or refusal to
participate (Chapter 6), suggests that findings from the main analysis are not strongly

affected by missing values.

Misclassification of grocer businesses by Block Group-Level Demographic
Characteristics

Rationale. On-site ascertainment of businesses, or ground-truth data, is the most
direct method of determining the location of businesses. However, the majority of
epidemiologic research involving such data has employed the use of commercially
available databases.'™ This is likely due to limited resources and the need to obtain such
data for a large geographic area.

Despite the widespread use of such databases, little research has been performed
to quantify the magnitude and/or direction of potential misclassification of businesses

either through omission or inclusion of businesses, or errors in geocoding. An alternative
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to on-site assessment would be to use online data sources such as search engines, publicly
available aerial photographs, etc. However, these would be redundant with the methods
used in creating the commercial database.” Furthermore, the reliability and consistency
of those data by themselves cannot be assured. Although ESRI updates their database
annually and D&B updates continuously using information from online search engines,
print resources, and business listings, a more direct, real-world comparison is needed to
insure valid measurements for epidemiologic research.

This project assessed the degree of completeness and validity of data from
commercial databases of grocers in comparison with data obtained from on-site
ascertainment to determine whether any discrepancies are related to area-level
demographic characteristics. This information is critical to determine whether
adjustment is necessary in the analysis of the association between access to grocers and
individuals behavior due to differential misclassification of the exposure. Previous
research has found that the presence of parks and grocery stores is associated with not
only individual behavior but also with area-level socio-economic and racial
characteristics. Therefore, to tease out the effect of the built environment from that of
socio-economic factors related to neighborhood, this research will include both socio-
economic measures and built environment characteristics.

Methods. A sampling scheme was developed to identify block groups (BGs) to
be assessed in each of the five metropolitan statistical areas (MSAs) or cities included in
the main analysis (Atlanta, Georgia; Austin, Texas; Chicago, Illinois; Knoxville,

Tennessee; and Minneapolis/St. Paul, Minnesota).
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Table 5.6. Description of block groups in each Metropolitan Statistical Area included in the

assessment.

Total BGs Median Values

BGs  Sampled Median Business Minority

Income Density Population

Atlanta, GA 1,923 68 $54,000 533 41.4%
Austin, TX 765 72 $50,000 90.3 36.2%
Chicago, IL 6,589 67 $55,000 151.4 38.4%
Knoxville, TN 422 62 $40,000 29.8 6.9%
Minneapolis, MN 2,172 65 $61,000 64.1 11.3%

Each of the 11,871 BGs across the five MSAs (Table 5.6) were categorized at the
median of city-specific business density (from the US Economic Census 2002),
proportion of minorities (black, Hispanic, other estimated in the Claritas Update
Demographics for 2007 based on the US Census 2000), median income (estimated for
2007 from 2000 Census), and the presence of urban areas or clusters (referred to here as
urbanicity, US Census 2000) — all of which are factors believed to be related to the
presence of businesses. This created 16 strata, from each of which a maximum of eight
block groups (BGs) were sampled in a given MSA. All BGs with missing values for
demographic variables were also included as a separate category (Table 5.7).

A driving route was designed for each BG using MapSource Version 6.10.2 and
uploaded into a Garmin eTrex GPS unit. Any parks or grocery stores that were found
while driving the route were recorded with a waypoint using the GPS unit (long/lat, WGS
1984), and additional data such as time, waypoint accuracy (feet), type (park or grocery

store), and name were recorded during on-site data collection (Table 5.8).
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Table 5.7. Combinations and frequencies of urbanicity, and high or low income, business density,
and minority population. All block groups with missing values for the group value had missing
values for median income. Of these, 13 also had missing information on minority population.
There were no missing values for urbanicity and business density. One BG in Atlanta, 4 in
Austin, 6 in Chicago, 2 in Knoxville, and 4 in Minneapolis were included in the missing catego

Median Business Minority

Income Density Population
1 No Low Low Low 30
2 No Low Low High 13
3 No Low High Low 3
4 No High Low Low 30
5 No High Low High 4
6 Yes Low Low Low 29
7 Yes Low Low High 29
8 Yes Low High Low 29
9 Yes Low High High 30
10 Yes High Low Low 30
11 Yes High Low High 30
12 Yes High High Low 30
13 Yes High High High 30
Missing 17
Total 334

Table 5.8. Dates of on-site assessments. Since the Dun and Bradstreet Million Dollar Database is
updated continuously, updated versions of the database were obtained based on when data were
collected.

MSA Assesment Dates D&B Download Date
Atlanta, GA June 3, 4, 13-15; Nov. 2, 2008 June 30, 2008

Austin, TX April 22-26, 2008 May 5, 2008
Chicago, IL July 27-29, 2008 August 11, 2008
Knoxville, TN June 5-7, 2008 June 30, 2008
Minneapolis, MN July 22-25, 2008 August 11, 2008
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Figure 5.8. (a) Concordance: Distribution of median income by concordance between D&B and
waypoints data. (b) Completeness: Distribution of income among those discordant between
D&B and waypoints data by presence of waypoint-only data. (¢) Validity: Distribution of
income among those discordant between D&B and waypoints data by presence of D&B-only
data.
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Each of the 334 sampled BGs was evaluated for the presence of grocers within
500 ft of the BG border using, separately, the D&B database and the way points
collected.

Those BGs where either D&B or waypoint data indicated there was a grocer
present were further examined to determined whether the business(es) listed in the two
data sources were identical by name. BGs were then categorized as concordant on D&B

and waypoint data or not concordant. Those that were not concordant were further
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categorized into groups having D&B listings of businesses not found in the waypoint
assessment (D&B-only businesses) and/or vice versa (waypoint-only businesses). Simple
comparisons of means, medians, or proportions were made and both linear and logistic
regressions were used to examine the independent associations between demographic or
BG-level variables and the concordance, completeness (fewer waypoint-only businesses,
presence indicated by wypt_pos) and validity (fewer D&B-only businesses, presence
indicated by DNB_pos) of the D&B database.

Results. Of the 334 BGs sampled, 232 were completely concordant (N=232,
69.5%). However, this was largely due to BGs where neither data source indicated the
presence of a grocer (N=219, 65.6% overall, 94.4% of BGs that were concordant). Of the
remaining 102, there were 16 BGs where D&B and waypoints shared at least 1 business
listing but had other unshared listings (partially concordant), 56 BGs had a business listed
in D&B that was not found during on-site assessment (validity), and 60 BGs had a
business not listed in D&B that was found during assessment (completeness). These
categories were not mutually exclusive.

Overall, median income, urbanicity and minority population of the BG were not
associated with concordance, completeness, or validity of the D&B data source.
However, BGs with a high business density were more likely to contain businesses in
D&B that were not found during data collection. This may be a function of both the
limitations in collecting waypoint data as well as a true difference in the validity of those
business listings in the DNB database.

Median income was normally distributed and was not statistically significantly

different between those BGs that were concordant and those that were not (concordant
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(N=216, mean: $55,693), discordant (N=101, $54,360); p=0.61, total N not equal to 334
due to missing values in median income, Figure 5.8a). Further subsetting to those who
were not concordant and examining by completeness (complete (N=59, mean=$51,795)
vs. incomplete (N=42, mean=3$57,962, p=0.23) and validity (valid (N=56,
mean=$55,858) vs. in-valid (N=45, mean=3$52,495), p=0.47), there was still not a
significant difference. Simultaneously examining the associations between completeness,
validity, and concordance and further accounting for correlation between BGs sharing the
same county and MSA, there were still no significant associations with median income.

Among 334 BGs, only 82 (24.6%) did not include an urban area or cluster.
Although this was not statistically significant in unadjusted analysis, 10% more urban
BGs than non-urban BGs were discordant (23.2% among non-urban, 32.9% among
urban, ¥*=2.8, p= 0.10). There was no significant relationship between completeness and
urbanicity. However, there was a significantly higher proportion of urban BGs that had
businesses listed in DNB that were not found during data collection (60.2%) than among
non-urban businesses (31.6%). These differences were not significant using logistic
regression accounting for shared county and MSA. Similar analysis DNB_pos did not
demonstrate a statistically significant relationship between urbanicity and validity
accounting for correlation between BGs sharing county and MSA, likely due to non-
overlap between groups and small numbers.

Business density ranged between 0 and 4638 businesses/mi°. These densities were
dichotomized for each city with values below the median. BGs with a higher business
density were less likely to be concordant. However, subsetting to those that were

discordant showed no significant relationship between business density completeness, but
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a significant association between high business density and potentially decreased validity
(among those not concordant, low business density (N=46, 35.7% invalid) vs. high
business density (N=56, 64.3% invalid), y2=4.4, p=0.04). This difference in validity
remained of borderline significance in logistic regression (p=0.05) where BGs with a
higher business density were more likely to contain potentially invalid business listings in
the DNB database after accounting for concordance and completeness.

Minority population ranged from 0 to 100% of the BG population. Again, city-
specific medians were used to categorize BGs as having a low or high minority
population. BGs that had a higher minority population were slightly less likely to be
concordant (high minority population (N=137, 51.5% concordant) vs low minority
population (N=184, 61.4% concordant), ¥2=4.7, p=0.03). Among BGs that were
discordant, there was no association between minority population and validity (overall
55.5% invalid) or completeness (overall 41.6% incomplete). However, this association
did not remain when using logistic regression with random effects for state and county,
examining independent effects of concordance, completeness, and validity.

Conclusions and Implications. Although there is substantial misclassification of
grocers, this misclassification is largely non-differential with respect to area-level
demographic characteristics. Thus, adjustment for misclassification is probably
unwarranted as any bias is likely to result towards the null.

However, these conclusions must be considered in light of some important
limitations. Although the block groups assessed in this study were stratified by 4 area-
level demographic characteristics (business density, median income, urbanicity, and

racial composition) other factors (renters vs. owner-occupant residences, median age)
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could also be related misclassification businesses. Due to limitations in time and
financial resources, not all strata demographic characteristic could be examined.
Furthermore, because not all block groups in the five cities were assessed, conclusions
may not necessarily be generalizable to all block groups. However, because the sample
was a simple random sample stratified by demographics, it is unlikely that the sampled
block groups are substantially different from those that were not sampled. Furthermore,
because the block groups included in this analysis are sampled from the five cities of

interest, results may be generalizable to any study performed in these studies.
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Chapter 6:
Effects of Individual- and Block Group-Level Demographics and Built Environment

on Loss to Follow-up

Results

As discussed in the methods, loss to follow-up was conceptualized as occurring through
two mechanisms: missed contact (where the evaluator is unable to make contact with the
participant), and refusal to participate (where the evaluator is able to make contact with the
participant and the participant refuses further follow-up).

Missed Contact

Overall, 456 participants or 41.3% missed at least one follow-up evaluation and 553
completed all evaluations through the 12 month-follow-up.

The data were tested among all 1104 participants at the alpha=0.05 level to determine
whether random effects would be necessary in modeling survival time data. Assessed separately,
there was no significant random effect of metropolitan statistical area (MSA, 0.21<p<0.98, 5
MSAs) or block group (BG, 0.99<p<1.00, 905 BGs) in an otherwise unadjusted model using
NLMIXED.

Among the 1104 participants in the analysis dataset, 14 were excluded from adjusted
analyses because of missing covariate data. Each potential covariate was evaluated for
association with follow-up time using Kaplan-Meier curves Log-Rank test (proc lifetest) and
assessed for meeting the proportional hazards assumption using the graphical approach
(parallelism of LLS curves). The significant findings are summarized in Table 6.1.

Other individual-level covariates that were assessed but that were not statistically
significant included gender, hypercholesterolemia, diabetes (type I or type II), feeling sad/blue,
and employment status. BG-level covariates included urbanicity, median income, median age, %

Hispanic population, unemployment rate, and % with HS/GED equivalent.
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Table 6.1. Summary of direction of association, p-value, and whether or not the variable met the
PH assumption among variables that were found to be significantly associated with survival using
unadjusted Kaplan-Meier curves (0=0.05). For the description of the direction of association,
those categories that are shown together in parentheses showed approximately equivalent survival
curves. KM curves are attached at the end of this file.

Level (Indiv- vs. Direction p Met PH*
BG)
Variable
Individual
Intervention Arm  Greater survival among counseling 0.006 Y
Age (Quartiles) Increased age, increased survival <0.0001 Y
Ethnicity In order of increasing survival: Hispanic, Black, 0.002 N
(Other, White)
Education Increased education, increased survival 0.01 Y
Marital Status Greater survival among those married 0.03 Y
Tobacco Use Greater survival among non-smokers 0.05 Y
Cancer Greater survival among those with cancer dx 0.004 Y
Blood Pressure Greater survival among those with high BP 0.03 Y
Satisfied with Life = Greater survival among those satisfied 0.007 Y
Block Group
MSA In order of increasing survival: Knoxville, 0.006 N
(Chicago, Austin), (Minn., Atlanta)§
% white residents  High %, increased survival 0.001 N
% black residents  High %, decreased survival 0.01 N
% wi/bachelors High %, increased survival 0.05 N
degree

* proportional hazards assumption
§ Reported highest survival to lowest. Categories shown in parentheses are approximately
equivalent in observed survival function.

Individual-level variables that met the PH assumption and were statistically significant
were entered into a Cox model together. Thus examined, only age, education, intervention arm,
and satisfaction with life were independently associated with time until missed contact. Marital
status, tobacco use, previous cancer diagnosis, and high blood pressure were no longer
statistically significant. Individual-level variables that had not met the PH assumption when
unadjusted were put into the reduced adjusted model to assess for the PH assumption using
Schonfield residuals after adjusting for other variables. Ethnicity was the only such variable, and
it was determined to meet the PH assumption after adjustment for other variables (p=0.80), and

was statistically significantly associated with time until event (p=0.03). The final individual-level
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model included age, education, ethnicity, study arm, and satisfaction with life. This individual-
level model was then used to examine BG-level covariates.

For BG-level covariates, each variable was first assessed in combination with its
corresponding individual-level variable to determine whether the BG-level variable was likely to
be serving as a proxy for the individual-level characteristic. For example, individual-level
education was highly significantly associated with proportion of residents in BG with a bachelors
degree (x%=83.0, p<0.0001) with participants with greater educational attainment residing in BGs
where the residents are also more highly educated. Using a Cox model, both variables met the
PH assumption when examined together, but neither was statistically significant. Thus,
proportion of those in the BG with a bachelors degree was removed in favor of keeping the
individual-level education variable.

Similarly, proportion white and black residents were both significantly associated with
individual-level ethnicity (x*s=312.0, 310.0, respectively, ps<0.0001). In a Cox model with
individual-level ethnicity and both BG-level variables, all three satisfied the PH assumption but
the BG-level covariates were not independently associated with survival time.

Thus, no BG-level covariates were entered into the model after adjusting for individual-
level analogs. Only MSA remained which, when entered into the reduced individual-level model,
did not violate the PH assumption (p=0.1371). Thus for the final model, age, ethnicity,
education, study arm, satisfaction with life and MSA were examined in the linearized portion of
the model. Including MSA in the analysis, neither MSA (p=0.1046) nor ethnicity (p=0.1573)
were associated with survival time.

Using the adjusted model, all exposure variables were assessed for meeting the PH
assumption and significance. All met the PH assumption and none was statistically significantly
associated with time until missed contact. Since no exposures were significantly associated with
survival time, the final model included only intervention arm, ethnicity, education, age, and

satisfaction with life (Table 6.2).



Table 6.2. Multiple model estimates for missed contact with and without stratification by city (N=1090 individuals).

NLMIXED MSA
Model: Uncorr' LIFEREG? NLMIXED no ret’ NLMIXED BG ret* ret’

Variable HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI
Intervention Arm

Counseling 0.79 0.65 0.95 0.86 0.78 0.96 0.89 0.80 0.99 0.86 0.78 0.96 0.86 0.78 0.96

Self-Help 1 - - 1 - - 1 -- -- 1 -- -- 1 -- --
Education

HS or less 0.95 0.76 1.20 1.24 1.05 147 1.22 1.02 1.46 1.24 1.05 147 1.24 1.05 147

Some college 1 -- -- 1 -- -- 1 -- -- 1 -- -- 1 -- --

College grad 1.40 1.03 1.89 0.97 0.86 1.11 1.01 0.89 1.15 0.97 0.86 1.10 097 0.86 1.10

Post college 0.88 0.65 1.18 0.93 0.79 1.09 1.03 0.87 1.21 0.93 0.79 1.09 093 079 1.09
Age

Ql1:[19, 33] 1.65 1.26 2.15 1.37 1.18 1.60 1.45 1.24 1.70 1.37 1.18 1.60 1.37 1.18 1.60

Q2:[34, 42] 1.30 1.00 1.70 1.18 1.02 1.38 1.20 1.02 1.40 1.18 1.02 1.38 1.18 1.02  1.38

Q3:[43, 50] 0.95 0.72 1.26 0.98 0.83 1.14 0.98 0.83 1.15 0.98 0.83 1.14 098 083 1.14

Q4:[51, 80] 1 -- -- 1 -- -- 1 -- -- 1 -- -- 1 -- --
Ethnicity

Black 1.40 1.11 1.79 1.24 1.08 142 1.31 1.15 1.50 1.24 1.08 1.42 1.24 1.08 1.42

Hispanic 1.31 0.89 1.94 1.19 095 148 1.14 090 1.44 1.19 095 148 1.19 095 148

Other 1.12 0.72 1.76 1.05 0.82 1.35 1.10 0.86 1.42 1.05 0.82 1.35 1.05 082 1.35

White 1 -- -- 1 -- -- 1 -- -- 1 -- -- 1 -- --
Satisfied with life

No 1 1.03 1.56 1 1.03 1.31 1 1.04 132 1 1.03 1.31 1 1.03 1.31

Yes 1 -- -- 1 -- -- 1 -- -- 1 -- -- 1 -- --
-2LogL 6047.83 1866.80 3528.40 3524.30 35243

1. SAS proc phreg, no random effects

2. SAS proc lifereg, no random effects
3. SAS proc nlmixed, no random effect

4. SAS proc nlmixed, random effects for each of 905 block groups
5. SAS proc nlmixed with random effects for each of 5
MSAs

Il
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Regardless of the estimation method and inclusion of random effects, participants had a
decreased hazard for having been lost to follow-up if they were in the intervention group, if they
had any college education or more, were in the 3™ or 4™ quartile of age (over 42), if they were
White, Hispanic, or categorized themselves “Other” for race/ethnicity, or were satisfied with life.

This was true for both correlated and uncorrelated models.

Refusal

Of 1104 participants, 145 (13.1%) refused to participate at some point during the trial.
One hundred and sixty were censored after intake because they were not contacted for any other

follow-ups. Only 5 variables were significantly associated with the rate of refusal (Table 6.3).

Table 6.3. Summary of direction of association, p-value, and whether or not the variable met
the PH assumption among variables that were found to be significantly associated with survival
using unadjusted Kaplan-Meier curves (a=0.05). For the description of the direction of
association, those categories that are shown together in parentheses showed approximately
equivalent survival curves. KM curves are attached at the end of this file.

Variable Direction* p-value Met PH
assumption?
MSA (Chi ,Min), (Atl, Aus), 0.0003 Y
Kno
Age (Quartiles) 1,4,3,2 0.04 Y
Gender Male, Female 0.06 Y
Employment Yes, No 0.004 Y
Chain grocer within 2 mi Yes, No 0.04 Y

*Reported highest survival to lowest. Categories shown in parentheses are approximately
equivalent in observed survival function.

When entered into the Cox model together, all variables met the PH assumption.

Adjusting for all variables, the number of chain grocers within 0.805 km and gender were
no longer significant at the 0.05 level. The final reduced model contained fixed effects for MSA,
employment status, and age. The results from standard uncorrelated analysis as well as correlated

analysis adjusting for MSA or BG are presented in Table 6.4.



Table 6.4. Multiple model estimates for refusal to participate with and without stratification by city. N=1095 individuals.

Model: Uncorr LIFEREG NLMIXED no re NLMIXED BG re NLMIXED MSA re
95% CI 95% CI 95% CI 95% CI 95% CI
Variable HR Lower Upper HR Lower Upper HR Lower Upper HR Lower Upper HR Lower Upper
CBSA
Atlanta 1.37  1.10 1.72 .31  1.11 1.54 1.30  1.11 1.53 1.26  1.07 1.50 1.30  1.11 1.53
Austin .11 0.82 1.50 .12 0.90 1.39 1.10  0.89 1.37 1.16  0.93 1.44 1.10  0.89 1.37
Chicago 0.71 0.49 1.04 0.88  0.67 1.15 094 0.73 1.22 0.86  0.67 1.11 094 0.73 1.22
Knoxville 249 196 3.15 1.98 1.66 2.36 1.97 1.65 2.35 1.98 1.62 2.42 1.97 1.65 2.35
Minneapolis 1 -- -- 1 -- -- 1 -- -- 1 -- -- 1 -- --
Age
Quartile 1 0.85 0.64 1.13 0.88 0.72 1.07 0.88 0.72 1.07 0.86  0.70 1.04 0.88  0.72 1.07
Quartile 2 1.62 1.30 2.03 144 123 1.70 143 1.22 1.68 149 1.26 1.77 143 1.22 1.68
Quartile 3 1.27  1.00 1.60 1.17  0.99 1.39 1.17 099 1.38 1.16  0.98 1.38 1.17  0.99 1.38
Quartile 4 1 - -- 1 -- -- 1 -- -- 1 - -- 1 -- --
Employment
Yes 1 -- -- 1 -- -- 1 -- -- 1 -- -- 1 -- --
No 213 1.55 2.93 1.83 1.45 2.32 1.84 1.46 2.31 1.86 143 2.42 1.84 146 2.31
-2LogL 1892.08 945.81 1417.60 1399.80 1417.6

134!
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The findings are similar regardless of model. Participants from Atlanta and Knoxville
were significantly more likely to refuse to participate in comparison to those from Minneapolis
while participants from Chicago and Austin were not significantly different from those from
Minneapolis. Furthermore, those in the middle 2 quartile of age were more likely to refuse than
those who were the youngest or oldest. And lastly, those who were not employed were more
likely to refuse than those who were employed.

Notably, environmental exposures to opportunities for healthy choices and BG-level

characteristics were not associated with the rate of refusal.

Conclusions

In conclusion, it appears that the potential effect of informative loss to follow-up in the
main analyses should be performed based on imputation regressing on city of residence, age,
education, study arm, ethnicity, employment status and satisfaction with life. No quantitative
adjustment for environment seems necessary as there was no differential loss to follow-up by
environmental factors. However, differential loss to follow-up across characteristics of the
environment within the intervention arm should also be examined in future analyses.

Based on the findings here, missing values of fruit and vegetable consumption were
imputed based on baseline values of all individual-level covariates (age, gender, education,
ethnicity, satisfaction with life, city, employment status, marital status, hypercholesterolemia,
diabetes, hypertension, cancer, whether the participant felt sad/blue) and select environmental- or
block group-level covariates (proportion with a bachelors degree, proportion black non-Hispanic,
proportion Hispanic) for fruit and vegetable consumption (described in Chapter 3 and 5).
However, in the analysis of fruit and vegetable consumption, grocer variety and diversity (8.05-
km) were also used in the imputation regression as they were associated with the outcome under

study. No imputation analyses were undertaken for the analysis of physical activity.
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Chapter 7:
Effect Modification in Randomized Trials of Behavioral Interventions

for Increasing Fruit and Vegetable Consumption

A Systematic Review of Effect Modification
in Randomized Trials of Behavioral Interventions

for Increasing Fruit and Vegetable Consumption
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Abstract

Introduction. Increased interest in differential treatment effects, also known as moderation or
effect modification, is particularly poignant among randomized controlled trials (RCT) of
behavioral interventions given the limited success of current methods in changing behavior. This
review examines reported differential treatment effects in behavioral trials aimed at increasing
fruit and vegetable consumption (FVC) with particular emphasis on motivations for assessing
treatment effects and recommendations for future applications of this methodology.

Methods. The literature review included all behavioral, non-pharmaceutical interventions
designed to increase fruit and vegetable consumption published from 1990-2008. Interventions
involving policy or environmental modification were excluded. Study quality was evaluated by
examining sample size, randomization success, loss to follow-up, statistical analysis, instrument
and methods for evaluation of FVC, and blinding.

Results. After removing duplicates from 8,327 citations from MedLine, CINAHL, EMBASE,
PsychINFO, and the Cochrane Registry of Clinical Trials, 468 full text articles were retrieved. Of
162 articles reporting fruit and vegetable consumption, 28 (17.9%) articles discussing 23 trials
reported investigating potential modification of the intervention effect. Demographic variables
[education (N=13), sex (N=12), age (N=11), race/ethnicity (N=8)] and psychosocial variables
[stage of change (N=10)] were most commonly investigated. Studies varied in type of
intervention, magnitude of effects, and duration of follow-up. Heavy reliance on statistical
significance as a criterion for identifying effect modification led to few studies concluding any
such modification occurred.

Discussion. Although calls for assessing effect modification have been increasing, its application
is not reflected in current practice. In our review, trials that examined effect modification focused
on demographic and/or psychosocial characteristics, often without explanation for this analysis.
While this approach may serve to validate behavioral models or to identify sub-groups for

subsequent targeting, as often reported by the authors, the approach has other important uses
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including identification of potentially modifiable characteristics to improve intervention efficacy
on a population level. One example of this is environmental factors, such as access to grocers.
As a result of our review, we recommend that researchers examine and report effect modification
in intervention trials and broaden the search for potentially modifying variables, using the
observational literature as a guide. Furthermore, while important, statistical testing should not be
the only means by which effect modification is assessed. Improved understanding of modifying
variables will serve to inform the design of interventions and improve efficiency in the allocation

of public health resources for both services delivery and research activities.



148

Introduction

There is little question that chronic disease risk is related to health behaviors such
as fruit and vegetable consumption (FVC)'. However, poor health behaviors are still
pervasive. Less than a quarter of the US population engages in FVC at levels
recommended for chronic disease prevention 2. Furthermore, intervention trials to
increase FVC have had limited success °, highlighting the need to identify methods of
improving interventions.

One area that has received increasing attention is the identification of effect
modification 4'6, also called moderation in the behavioral literature ®, and intervention- or
treatment-effect heterogeneity in the randomized trial literature "*. Effect modification,
as it will be referred to in this article, is a difference in the association between a variable,
E, and an outcome, O, across different levels of an effect modifier, X °. This is different
from confounding of the relationship between E and O by X, where X is a predictor of

%10 " In this latter

the outcome, O, and also associated with the variable E under study
case, the association between E and O across levels of X is the same. Confounding and
effect modification are also distinct from mediation, studied in the behavioral and
psychology fields, where E causes X, and X in turn causes the outcome, O °.

Effect modification has typically been studied using two methods. The first is
stratified analysis where the association between E and O is reported for each level of X
?. Meaningful differences in this association yield a conclusion that effect modification is
present. The second method is the examination of statistical interaction. Here, a

statistical model is employed to study variation in the dependent variable O using E, X,

and the product term between E and X as independent variables. In this method, effect
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modification is defined as a statistically significant contribution of the product term
between E and X ',

While both methods have been used to investigate randomized trials, there has not
been a systematic evaluation of the motivation for such analyses and the subsequent
knowledge garnered from them. The purpose of this review is threefold: (1) to document
published reporting of effect modification in behavioral trials with specific regard for
interventions to increase fruit and vegetable consumption; (2) to examine ways in which
the information obtained from analysis of effect modification has been used and (3) to

make recommendations to take further advantage of such information.

Methods
Search Strategy

A search strategy (Appendix 6) was adapted from previous systematic reviews to
identify controlled trials of behavioral interventions to increase fruit and vegetable

31214 Results were restricted to studies performed among adult, non-

consumption by
institutionalized populations from the CINAHL, MedLine, EMBASE, and PsychInfo
databases and the Cochrane Central Register of Controlled Trials for reports published
between January 1, 1990 and December 31, 2008.
Assessment of Eligibility

The titles and abstracts of all articles identified from the search strategy were
evaluated by two reviewers (DHC, REP). Eligibility was determined based on study

aims, study population, and intervention type. Studies were excluded if the intervention

was a pharmaceutical intervention, if there was an environmental modification or policy
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change component of the intervention, if the intervention was performed exclusively
among smokers, and if the study was designed for participants with specific chronic
disease conditions (hypercholesterolemia, diabetes or impaired glucose tolerance,
hypertension, cancer survivors, etc.) except for overweight/obese. Studies that recruited
from the general population and included some participants with chronic diseases were
not excluded from the analysis. No restrictions were made based on participant
recruitment or intervention delivery setting. Although most studies were randomized
trials (either individual- or cluster-randomized), studies with only pre- and post-
intervention measurements and no control group were not excluded.

Full texts of eligible studies were retrieved and examined to determine whether
individual-level fruit and vegetable consumption were reported for baseline and follow-
up evaluations in servings/day, grams/day, or energy-adjusted daily intake, and whether
any modification of the intervention effect was examined. Articles reporting only on
differences in intervention effect across levels of baseline behavior or levels of
intervention dose were not included in the analyses. References from included articles
were examined to identify additional eligible articles. Articles that reported only baseline
demographic information, baseline FVC, or described study design and motivations of
otherwise eligible intervention were entered into the ISI Web of Science database
(Thomson Reuters, New York, NY) to determine whether they had been cited by
subsequent articles that reported on follow-up data and met the inclusion criteria.

Data Extraction
Citation information, intervention design and setting, study population and sample

size, a description of the intervention and control (if applicable), evaluation time-points,
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intervention effect, effect modifier examined, and the direction of the effect modification
were extracted from all eligible studies. The direction of effect modification was denoted
as (0) for no evidence of effect modification, (+) for a greater intervention effect
associated with a greater value of the effect modifier or a greater intervention effect in the
non-reference category in comparison to the reference category, or (-) for a smaller
intervention effect associated with a greater value of the effect modifier or a smaller
intervention effect in the non-reference category of the effect modifier in comparison to
the reference category. For articles using statistical interaction to assess effect
modification, statistical significance as reported by the authors was used to determine the
presence of effect modification. Among articles employing stratified methods,
intervention effects with a difference greater than 2 standard errors of each other were
recorded as meaningful effect modification.

Information reported in the text identifying different articles originating from the
same study (study name, sample size, intervention description, etc.) were noted and study
characteristics of such articles were reported together. Study quality or risk of bias was
assessed for each article by examining six sources of potential bias: participant blinding,
assessment tools for fruit and vegetable consumption, randomization success, sample
size, loss to follow-up and the appropriateness of statistical analyses. Since participant
blinding to the intervention was not possible, and because all assessments of FVC were
self-reported, the evaluation of the potential risk of bias focused four sources of bias:
randomization success, sample size, loss to follow-up, and statistical analysis. Studies
likely to result in bias from 2 or more of the above sources were considered to have a

high risk of bias, while those with 1 potential source were considered to have a medium
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risk of bias. Articles unlikely to result in bias from any of the four sources were
categorized as having a low risk of bias.

No attempt was made to examine un-published studies or studies published in
conference proceedings. Because of the diversity of study characteristics, and the
variability in the effect modifiers measured, no attempt was made to arrive at any

summary measures of association.

Results

After removal of duplicates from 8,327 citations from MedLine, CINAHL,
EMBASE, PsychINFO, and the Cochrane Registry of Clinical Trials, 468 full text
articles were retrieved, of which 162 reported fruit and vegetable consumption (FVC).
Among those reporting on FVC, 28 articles (17.3%) reported examining effect
modification, with data coming from 23 individual trials (Table 7.1) 1542 Notable
studies excluded were the Working Well Trial **, the Healthy Directions — Small
Business Study **, and WellWorks-2 * which all included components of environmental
or policy change; High-5 **, Gimme 5 *', CATCH *, and Take-5 ** which examined fruit
and vegetable consumption behavior in children; and one study examining intervention
effect across levels of rurality of study sites but which was performed among recipients
of congregate meals *°. Eight studies were rated to be at low risk of bias, while 16 were
rated medium, and 4 were rated as having a high risk of bias (Table 7.1).

Among the 23 trials, 16 were individually-randomized trials while 7 were cluster-
randomized trials. Five trials reported no significant intervention effect at the end of the

trial **4%**%! " Of 16 trials reporting a statistically significant intervention effect, six
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reported an intervention effect of 0.5 srv/day or less. One trial did not compare the
randomized groups and thus reported only change in fruit and vegetable consumption in
the dietary intervention group '°, and one trial reported a smaller decline in fruit and
vegetable consumption in the intervention group than in the control group *.

A total of 39,515 participants were recruited for participation (N range: [32,
5,041], median: N=1,359) while loss to follow-up ranged between 0.0% 15 and 73.9% 7.
Study settings included churches, clinics or primary care facilities, health management
organizations, the internet, telephone directories, community-based organizations, and
worksites. The majority of studies were performed in clinical settings(N=12, 52.2%).

17,19,21,51

Study evaluation ranged from under a month *2 to 24 months or two years and

29,39,42

intervention duration ranged from those involving only a one-time exposure to

those administered over a period of 24 months *'. With only 2 exceptions ***,
interventions with evaluations at or beyond 12 months had larger intervention effects.
Eleven trials were conducted among at-risk populations (low-income, minority, etc.).
The majority of articles reporting on potential effect modifiers focused on
demographic variables (Table 7.2) with 13 studies reporting examination by education,
12 by sex, 11 by age, and 8 by race/ethnicity. Despite the number of articles examining
differences by demographic variables, few studies concluded that there was a meaningful

16,27.29 15,30 16,19,23,27,40 e 16 .
S osex 7, age 77 or race/ethnicity . All studies

difference by education
reporting such differences were rated for assessment of quality with a medium or low risk

of bias, while none with high risk of bias reported effect modification. In addition, the

few studies that used stratified analysis indicated differences in intervention effect more
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often than studies employing statistical significance of a product term to evaluate effect
modification.

Following demographic variables, psychosocial variables were also commonly
examined. Stage of change was the most commonly examined effect modifier, evaluated

. . 17,23,26-28,32,37,42
in 8 articles 72326283237,

covering 10 separate studies with meaningful differences in
i ; : . 2326273237 o oy
intervention effect reported in 5 studies . However, the direction of association
was inconsistent. Three studies reported increase in intervention effect with increasing

23,27,32

stage of change (from precontemplator to maintenance) and two reported the

reverse “*’. There were generally no difference reported by baseline intention to change

18,23

FVC behavior (examined in two studies '***), and only one *° of three studies examining

. e 243639
baseline motivation >

reported a significant difference in intervention effect. In
addition, one study examined intervention effect by need for cognition ** and another
examined intervention effect by self-efficacy **. Neither found differential intervention
effects. One study examining autonomy showed a significantly greater intervention
effect with greater baseline autonomy .

In addition to demographic and psychosocial variables, studies also examined
social-contextual variables and health-related indicators, albeit more rarely. One study
examined social networks, social norms and food security and reported no difference in
intervention effect observed across levels of these variables **. A few studies examined
smoking status '®***7*! and baseline BMI status **~*! of which only one study reported
a significant difference with a smaller intervention effect among smokers *’. One study

found a greater intervention effect with increasing level of participant food responsibility,

but no difference by number of restaurant meals consumed .
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Investigator-cited justification for examining effect modification varied by the
effect modifiers examined. Those studies examining psychosocial effect modifiers
commonly cited validation of behavioral models as the motivation for the analysis

17:2628.3242 * Examination of demographic variables, when explicitly stated, was

motivated in determining the generalizability of results !

, identifying subgroups for
subsequent targeting of the intervention *”*!, determining public health importance or
impact *°, or simply because such effect modification had been reported in previous
studies *. One study, performed by Sorensen et al, cited findings from observational
studies as the motivation for examining effect modification **. For a large proportion of
articles examined (N=10, 35.7%), there was no explicitly stated motivation for
examining effect modification '*'¢:1%19:21:2329.3537.51
Discussion

Despite increasing interest in studying heterogeneity in intervention effects *>”,
there are few articles that report on such findings in the behavior intervention trial
literature. To the authors’ knowledge, only one other review article, conducted by
Oldroyd et al., has examined heterogeneity in the effect of interventions to increase FVC
32 There was no overlap in the articles included by Oldroyd et al and in this study due to
difference in inclusion criteria — particularly the inclusion of studies conducted among
children ******_ The authors concluded that few articles reported examining intervention
effect modification, consistent with our finding that fewer than one out of every five
studies reported examining effect modification.

It is possible that these analyses are more commonly performed than they are

reported, likely because the resulting associations do not reach statistical significance.



156

Many studies included in this analysis did indeed report no statistically significant effect
modification. Barring the circumstances where a homogeneous intervention effect may
be observed for an intervention designed for and administered within a specific sample,
such a lack of heterogeneity may be counter-intuitive given the conventional wisdom that

“one size does not fit all”” °°

. This suggests that we are either wrong in our assumption
that interventions should have heterogeneous effects, or wrong in the method by which
heterogeneity is identified and quantified.

Indeed, this review suggests that because analysis of effect modification is
generally conducted as part of a secondary aim rather than as a primary aim of an
intervention study, less reliance on statistical significance and more careful examination
of the magnitude of intervention effects is more likely to lead investigators to accurately
conclude that there is meaningful modification of the intervention effect. Lack of
statistical significance likely results as the number of participants included in intervention
trials is determined based on statistical power to detect a significant overall intervention
effect not power to detect interaction effects. As such, it is well known that stratified
analysis is likely to be under powered *°. Furthermore, stratified analysis introduces
multiple testing and an increased likelihood of making obtaining false positive results °.
These reasons are often stated as support for the alternative method: examining the
statistical significance of the product term in a statistical model °. However, the power
for detecting such an effect is dependent on the proportion of participants simultaneously
exposed to both the intervention and the potential modifier, and simply including a

product term in the model often is not a panacea for under-powered hypotheses. In

addition, multiple testing remains a problem given the number of potential modifiers that
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are commonly examined. As such, both methods — examining effect modification
through a statistical interaction operationalized as a product term in the model, or through
stratified analysis — offer similar disadvantages in traditional trial designs. However,
while the direct statistical testing possible with the analysis of statistical interaction is
often stated as an advantage of that method, the use of a single criterion of statistical
significance — particularly in a situation where power is nearly guaranteed to be less than
adequate — over-simplifies the picture. The same cannot be said for stratified analysis,
which demands examination of magnitudes of the intervention effects across sub-groups
since direct comparison is not made in the analysis. In light of limited statistical power,
stratified analysis may be more interpretable, more accessible to broader audiences, and
more likely to lead to conclusions useful for informing future studies.

However, beyond merely identifying effect modification, there is also a question
of motivation. Why are such analyses important? What do they tell us about the
intervention? What, if anything, do they tell us about the effect modifier?

Although demographic variables were the most commonly studied effect
modifiers, few authors explicitly stated a motivation for examining them. In addition, it
is likely that many more investigators have examined effect modification by demographic
variables but have not reported their results due to apparent null findings. Thus, these
results were not included in the literature and hence not addressed in this review. This
lack of reporting may be explained by the motivation behind the investigation of effect
modification. The most commonly cited reasons for investigating demographic variables
were to identify subgroups among which the intervention had a differential effect, or to

determine whether the estimated intervention effect was generalizable. If no such
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differences are found, then there is no other reason to report effect modification.
However, if differences are identified, efficient allocation of resources may create
changes in behavior in particular subgroups. This may not address the public health
problem of pervasive, poor health behaviors since sub-populations among whom
interventions are less effective, which often includes underserved, or high-risk
populations, would still be at high risk after resources are expended. Perhaps motivated
by these findings, targeted interventions have been designed for such populations — often
with moderate effects. However, beyond targeting sub-groups, little else has been done
with the information garnered from effect modification across demographic
characteristics. Indeed, this would appear to make sense since these characteristics are
not modifiable. However, investigators should be careful, as demographic characteristics
may merely serve as proxies for other modifiable characteristics in a more complex
causal mechanism *'.

Among investigators of psychosocial modifiers, the most commonly cited
motivation was testing or validating a behavioral model. In this case, modifying
variables are of primary interest — not only to identify groups that will benefit from the
intervention in its current form, but also to improve the design of interventions in the
future by understanding the mechanisms by which the intervention under investigation
did and did not work.

This latter approach is commendable, but has not been taken full advantage of in
the literature since it has been restricted to psycho-social variables. While behavioral
models may be a resource for identifying variables that may predict behavior,

increasingly recognized is the importance of factors related to behavior change *°. In



159

addition to, individuals’ motivations and abilities to execute a behavior, external
variables such as opportunities for behaviors are also important in changing behavior
>89 One source for identifying such factors is the observational literature. However,
only one study included in this review ** examined environmental-level characteristics,
explicitly citing the observational literature as the motivator for examining these
potentially modifying factors.

Investigators must make better use of the observational literature as a resource for
identifying modifiable, environmental-level variables which are potentially modifiers the
effect of behavioral interventions. This would aid in designing studies and allocating
resources for addressing the public health problem of pervasive, poor health behaviors for
entire populations. In much the same way that physicians may first address a modifying
risk factor before prescribing a drug to an individual with elevated risks of adverse effects
or attenuated benefits related to the risk factor, public health policy-makers may address
modifiable, environmental risk factors on a population level before administering other
individual- or policy-level.

We recommend that investigators more consistently report when effect
modification is examined, even when findings are not statistically significant.
Furthermore, we recommend that statistical significance should be only one criterion by
which meaningful effect modification is identified and reported, and we recommend that
patterns and trends in intervention effect or differences in magnitude be given more
weight even in the absence of statistical significance. Such reporting will document
apparent associations and allow for more focused follow-up with appropriately powered

studies for studying interaction or subset effects. Most importantly, the choice of
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variables for which effect modification is examined should be guided by specific causal
hypotheses, making it possible not only to allocate resources to populations where
interventions will be most effective, but also making it possible to change population-
level characteristics in order to make interventions effective in all segments of the
population. This can most effectively be accomplished by incorporating the knowledge

obtained from the observational literature with data obtained from randomized trials.



Table 7.1. Description of included studies

Trial Name Citation Risk of Design  Setting Population Intervention Control Evaluation  Intervention Effect
Bias s
(Loss to f/up)
Gambera et Medium  RCT Air Force 32 active-duty 90 days; dietary Fitness only 0, 90 days Significant 3.4 srv/day
al, 1995 13 Base in Air Force counseling, fitness increase in FVC
Sacramento, members program among those in
California diet+fitness at 90
(0.0%) days; control group
consumption not
reported
Maryland WIC  Havas et al, Low cRT 16 WIC sites, 3,122 mothers 6 months; group Delayed 0, 8,20 Significant 0.4 srv/day
5-a-Day 1998 '¢ Maryland over 18 years of  sessions, print material,  intervention months greater increase in
Promotion Campbell et age personalized mailings intervention compared
Program 17 Medium to controls at 20-
al, 2008 (24.5,26.3%) month follow-up
Marcus et al, Medium  RCT Callers to 6 2,126 callers to Tailored educational No materials 0, 4 weeks, Significant 0.7 srv/day
1998 '8 NCIS Centers  six regional call ~ message, concrete 4 months greater increase
centers behavioral suggestions, among intervention
print materials than controls at 4
(39.5%) weeks, 0.4 srv/day
greater increase at 4
months
Black Campbell et Medium  cRT 50 churches 3,737 African- 20 months; Tailored Delayed 0, 1,2 years Significant 0.66
Churches al, 1999 in 10 rural, American bulletins, lay health intervention srv/day greater
United for Campbell eastern North  participants advisors, activities, increase in
Better Health ampoe 17et Medium Carolina pastor and community intervention than
al, 2008 . (32.6, 33.0%)
counties support, etc. controls at 2 year
follow-up
Women’s Coates et al, High RCT Clinics in 2,208 post- 2 years; multiple group ~ Self-help 0,6,12,18 0.6 to 0.8 srv/day
HealthTrial 1999 2° Atlanta, GA;  menopausal counseling sessions material months significantly greater
Birmingham,  women, aged increase among
AL; and 50-79 intervention than
Miami, FL (73.1%) controls
Treatwell 5 a Sorensen et Low cRT 22 worksites 1,359 employees  19.5 months; worksite Minimal: 0, 2 years Significant 0.5 to 1.2
Day al, 1999 2! in eastern intervention: NCI cancer srv/day greater
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Campbell et Massachusett (3.9, 8.2%) educational sessions, hotline, 1hr increase in worksite
al, 2008 Medi s activities, plus minimal  nutritional intervention than
cdium intervention; worksite education control at 2 years
plus family intervention  session
Next Step Trial — Tilley et al, Low cRT 28 5,042 employees 2 years; classes, print No materials 0, 1,2 years  No significant
1999 automobile 30.9% materials, personalized difference in change
manufacturin (30.9%) dietary feedback at 1 or 2 years
g sites in 5
US states
Puget Sound Kristal et al, Medium  RCT Group Health 1,459 enrollees,  Print materials, dietary No materials  0,3,12 Significant 0.5 srv/day
Healthy Eating 2000 » Cooperative age 18-69 analysis, motivational months greater increase
Patterns Study . of Puget o phone call among intervention
383211 ze;[ al, Medium Sound HMO, (17.4, 17.4%) compared to controls
Washington at 3 and 12 months
State
Eat for Life Resnicow et Medium  cRT 14 black 1,011 Group 2: self-help Delayed 0, 1 year 1.0 to 1.4 srv/day
Trial al, 2001 % churches, participants intervention and 1 cue intervention greater increase in
. Atlanta call; Group 3: self-help group 3 than controls;
0,
Rleszrggg‘;véet Medium metropolitan (14.8, 14.8%) intervention, 1 cue call, 1.0 to 1.1 srv/day
a area 3 counseling calls greater increase in
group 2 than controls
Maryland WIC  Havas et al, Medium  cRT 10 WIC sites, 2,066 mothers 6 months; various Delayed 0, 8,20 Significant 0.4 srv/day
Food for Life 2003 %7 Maryland 73.9% educational media, intervention months greater increase in
Program (73.9%) activities, intervention compared
individualized to controls at 8
feedback, incentives, months
and phone calls
John et al, Low RCT 2 primary 729 participants 6 months; negotiation to  Delayed 0, 6 months  Significant 1.4 srv/day
2003 % care centers, aged 25-64 change behavior, print intervention greater increase in
Oxfordshire, 5.3% materials, 2-week self- intervention than
UK (5.3%) monitoring diary controls
Block et al, Low RCT1 Community- 491 African One-time experience; Stress 0,2 months  No significant
2004 % based American or Group One: Little-by- management difference in change
organizations, Non-Hispanic Little CD-ROM; Group ~ CD-ROM intake
California White, age 40- Two: Little-by-Little

65, low income,
female

CD-ROM plus two
reminder phone calls
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(2.0%)

Diabetes Mayer-Davis ~ Low RCT 27 clinical 2,934 adults Lifestyle modification; Standard 0, 1 year Significant >1.5
Prevention et al, 2004 *° centers o written materials, care, placebo srv/day greater
Program throughout (©-3%) annual review with case increase in
the US manager, at least intervention compared
monthly contact with to placebo
interventionist
Steptoe et al, Medium  RCT Primary care 271 participants 2 weeks, behavioral Nutrition 0, 8 weeks,  Significant 0.6 srv/day
2004°! center, South  aged 18-70, low- counseling education 12 months greater increase in
. London, UK income intervention compared
Perkins- L to controls at 12
Porras et al, ow (19.6, 19.6%) th
2005 32 months
Healthy Emmons et al, Low RCT 10 2,219 Tailored print materials, Usual care 0, 8 months  Significant 0.3 srv/day
Directions — 2005 * community participants, 1 in-person and 4 greater increase in
Health Centers health aged 18-75 telephone counseling, intervention than
Study :1(,) r;gg‘;‘gf t Medium centers, (11.9, 11.9%) links to local activities control at 8 months
greater
Boston area
Heimendinger High RCT 6 NCIS 3,402 callers 11 months; ST: control ~ Untailored, 0,5,12 Significant 0.6 srv/day
et al, 2005 *° regional call 0 plus tailored material; brief months greater increase in
centers (43.4%) MT: control plus educational multiple re-tailored
multiple tailored message, compared to
material; MRT: control ~ print untailored at 12
plus multiple re-tailored  materials months
material
Kreuter et al, Medium  RCT 10 urban 1,241 low- 18 months; behavioral Delayed 1,6,18 No significant
2005 3¢ health income African construct (BCT) and/or  intervention/  months difference at 6
centers, St. —American culturally relevant Usual care months, 0.4 srv/day
Louis, MO women, aged tailored (CRT) print greater increase in
18-65 materials BCT+CRT group
compared to controls
(29.0%) at 18 months
Richards etal, Medium RCT College 437 students, 4 months; stage- No materials 0,4 months  Significant 0.9 srv/day
2006 students, age 18-24 matched print material,  or contact greater increase in
Midwest rural 28 10 motivational intervention compared
land grand (28.1%) interviewing, email to controls at 4
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university contact months
Williams- High RCT New England 517 adult callers 3 months; Complex Simple phone 0, 1,4 About 0.2 srv/day
Piehota et al, NCIS Call 0 phone message and message and  months greater increase in
2006 Center (39.1%) tailored print material materials complex message
group than simple
message group at 4
months
Smeets et al, High RCT 25 worksites 2,821 adults Tailored print materials 1 un-tailored 0, 3 months  Significantly smaller
2007 * in two towns, 0 letter decline among
national (23.6%) intervention than
phone controls at 3 months'
directory, The
Netherlands
Resnicow et Medium  RCT 2 integrated 512 African- Tailored newsletters Newsletters 0,3 months  No significant
al, 2008 *° health-care Americans, aged  based on self- tailored on difference in change
delivery 21t0 70 determination theory demographic in intake
systems; 17.4% and motivational s and social
Atlanta and (17.4%) interviewing cognitive
Detroit variables
metropolitan
areas
Rural Carcaise- Medium  RCT 3 primary 754 patients, age  5-8 weeks; recruitment ~ Recruitment 0,1,6,12 Not presented overall
Physician Edinboro et care 18-72 letter, baseline dietary letter, months
Cancer al, 2008 *! practices, 0 analysis, personalized baseline
Prevention rural Virginia (17.4%) feedback, print dietary
Project materials, phone calls analysis
De Vet et al, Medium  RCT Dutch 775 adult One-time experience; Non-stage- 0,2-9,9-16  No significant
2008 ¥ internet 0 stage-matched feedback  matched days difference in change
research (26.1%) feedback intake
company
Loss to f/up: Loss to follow-up WIC:Women, Infants and Children Notes:

RCT: Randomized controlled trial
c¢RT: cluster-randomized trial

NCIS: National Cancer Information Service
HMO: Health Maintenance Organization

intervention and controls respectivel

1. no change in fruit vs 0.2 pieces/day decline; 0.5 gm
decline in vegetables vs. 10.4 gm/day decline in
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Table 7.2. Findings from analysis of intervention effects across levels of potential demographic effect modifiers, by article.

) < =
c) g = g £ B = = £ 2
+3F ¥  5& F g g EE: % E g g
¢ 5 28I : 3 Er 2z 3% % = s
N = = o = =2 o =
¢ 3 8 = 5 77 B & o & 8
Trial Name Citation = Zz 3
N/A Gambera et al, 1995 '
Maryland WIC 5-a-Day Havas et al, 1998 '® ) ) ) (+)? )
Promotion Program i
Campbell et al, 2008
N/A Marcus et al, 1998 ™ (0) (0) 0)
Black Churches United for ~ Campbell et al, 1999 ™ (0) ) (0) +)y (0)
Better Health Project v
Campbell et al, 2008
Women’s Health Trial Coates et al, 1999 % (0) 0)*
Treatwell 5 a Day Sorensen et al, 1999 ! (0) (0) 0y 0)
Campbell et al, 2008 7
Next Step Trial Tilley et al, 1999 * (0) 0) 0)°
Puget Sound Healthy Kristal et al, 2000 % (0) ) =)
Eating Patterns Study - 7
Satia et al, 2001
Eat for Life Trial Resnicow et al,2001% (0) (0) 0) (0)
Resnicow et al, 2003 2°
fMaryland WIC Food for ~ Havas et al, 2003 > ) (+) 0)°
Life Program
N/A John et al, 2003
N/A Block et al, 2004 % ) (0) (0)
Diabetes Prevention Mayer-Davis et al, 2004 *° ) 0)
Program
N/A Steptoe et al, 2004 > (0) (0) (0)

¢o1



Perkins-Porras et al, 2005 2

Health Directions — Health  Emmons et al, 2005 > (0) (0) 0y 0) ON

Centers Study Sorensen ot al, 2007 ) ¥ 0) O e
N/A Heimendinger et al, 2005 (0) (0) 0) 0)

N/A Krueter et al, 2005 *°

N/A Richards et al, 2006 >’

N/A Williams-Piehota et al, 2006 >

N/A Smeets et al, 2007 > (0) (0) 0)

N/A Resnicow et al, 2008 *° )

Rural Physician Cancer Carcaise-Edinboro et al, 2008 *! 0) 0) 0) 0)

Prevention Project

N/A

De Vet et al, 2008 **

Where not explicitly tested, if means are within 2 standard errors of each other = not significant

) Intervention effect greater among those with higher values of the examined variable
0) Intervention effect examined, but not significantly different by the stated variable
(-) Intervention effect inversely related to this variable

Notes:

1.

e Al

,_.,_.
—_ O

._.
L

1.2 srv/day greater increase among women in intervention than men in intervention. No comparison with control group.

Most effective among white (0.73 srv/day greater in intervention) and other (1.72 srv/day greater increase). May be due to unstable estimates in the “other” group.
Intervention most effective among those married (+0.81 srv/day), widow, divorced, or other (0.92 srv/day). Less effective among those single (+0.28 srv/day)

Intervention most effective among whites (+0.71 srv/day at 6 months), less effective among Hispanics (+0.28 srv/day at 6 months) and blacks (+0.55 srv/day at 6 months)

Alone or with others
Retirement status

More effective among those living alone or with adults (0.64 srv/day) than those with children (0.15 srv/day)

Blacks increased -0.39 srv/day in controls, 0.09 in intervention. Whites increased -0.02 srv/day in controls, 0.27 srv/day in intervention

Poverty status
Respondent’s and respondents’ parents’ country of birth
Crowding in household

0.6 srv/day greater increase among those with access to a car than those without
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Chapter 8: Conclusions
Summary of Findings

This dissertation incorporated theory-based effect modification analysis with the
review of the randomized literature on fruit and vegetable consumption interventions.
The studies discussed in this dissertation examine possible determinants of health
behaviors which have been hypothesized by Rothschild to be important in the
determination of behavior and behavior change', but which have not received as much
attention in the literature as more traditional determinants of behavior such as motivation
and abilities’. Based on findings from the analyses of the effect of environmental
exposures on response to the Nutrition and Physical Activity (NuPA) intervention on fruit
and vegetable consumption (FVC) and physical activity (PA), much can be learned from
the examination of the nutrition and physical activity environment as modifiers of the
effect of a randomized, controlled trial.

In the first study of this dissertation we found the intervention effect on physical
activity levels was consistently positive only among participants with the lowest
proximity (more than 1.66 km to the nearest park) at baseline or the least total park space
accessible within 0.805-km at baseline. We also found that the intervention maintenance
effect measured at 12 months was linearly and inversely associated with the number of
parks within 8.05-km. These findings were consistent with those from the second study
examining modification of the intervention effect. In that study, we found that the
intervention effect increased consistently with follow-up time only among participants
who had the least diversity of grocers within 8.05-km or the least variety of grocers at

baseline. Imputation analyses accounting for loss to follow-up did not change these
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conclusions. Furthermore, analysis of loss to follow-up showed that there was no
association between any measure of the environment (whether related to physical activity
or fruit and vegetable consumption) and overall loss to follow-up (whether defined as
loss of contact or refusal to participate). Additional analysis, however, should be
undertaken to determine whether differential loss by environmental characteristics
occurred wthin the intervention arm.

These analyses are prospective, with behavior change occurring within existing
nutrition and physical activity environment exposure and after randomization. This is in
contrast to previous studies of behavior and environment which have largely been cross-
sectional, making it impossible to determine whether environment preceded and caused
behavior, or vice versa. The processes governing individual behavior and environmental
exposures are complex, and it is possible that behaviors (food purchasing patterns, for
example) influenced the environment (location of grocers) rather than the more often-
hypothesized idea that individual behaviors are determined by environment. In fact,
results from at least one cross-sectional study support the possibility of self-selection into
communities based on desired behavior’. In a cross-sectional study of residents in
Atlanta, neighborhood walkability was associated with walking behavior only amongst
participants who preferred a walkable neighborhood. Among residents who did not
prefer a walkable neighborhood, there were few who engaged in walking behavior
regardless of the walkability of the surrounding neighborhood.

This does not preclude the possibility that both processes occur, with mutual
feedback between environment and behavior. While much research on the location of

grocery stores has been conducted, the majority of the work has been performed in either
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the United Kingdom or Australia*”. Although the UK, Australia and the United States
share similar economic structures, whether these findings from the other two countries
are generalizable to the United States is unclear. A few studies have also been performed
in North America®. However, information on grocery store distribution remains scarce in
the public health literature, and information on processes governing park distribution
appears to be almost non-existent.

Given the complexity in the relationship between behavior and environment, the
potential mutual feedback between the two, and the nature of the environmental
exposures under study, observational longitudinal studies would be faced with similar
challenges as cross-sectional studies. In general, longitudinal studies offer the advantage
of exposure measurement preceding the outcome of interest’. However, if the true state
is reciprocity but the hypothesized direction of causality is that environment causes
behavior, there is a built-in bias in favor of finding an association between environment
and behavior. Under such circumstances, environment will have already been influenced
by behavior at the time of study enrollment, making longitudinal studies little more useful
in determining the temporal sequence than cross-sectional studies. Then only by
changing the environment can investigators observe the effect of the environment on
individual behavior.

Of course, community-level environmental change, poses many challenges and
requires significant resources ®. This author is unaware of any published studies in which
communities have been randomized to receive opportunities for physical activity or
outlets for purchasing fruits and vegetables. Moreover, few investigators have had the

opportunity to examine the effect of introducing new physical activity opportunities to a
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community. Observational studies examining natural experiments of environmental
change have yielded inconclusive results. For instance, one study reported behavior in a
community where a walking trail had been newly created’. However, it did not examine
the behavior before and after the introduction of the trails. Rather, the study focused on
the effects of campaigns to raise awareness of the walking trails. There have been at least
two studies examining fruit and vegetable consumption in a community before and after
the introduction of a large food outlet® '°. While the first study®, published in 2002,
reported a significant increase in fruit and vegetable consumption after the introduction of
a large-scale retailer, it did not control for secular trends or potential changes in reporting.
The second study'” included a control community. Both communities increased reported
fruit and vegetable consumption over the study period, but the difference in the amount
of increase was not significantly greater in the community where the new retail outlet had
been introduced.

One potential explanation for the discrepancy between these natural experiments
and the results of cross-sectional studies may lie in that fact that the different designs are
measuring two different outcomes. There is growing awareness in the behavioral
literature that the goal of behavioral interventions should be in predicting, eliciting, and
explaining behavior change®. This is in contrast to previous studies explaining predictors
of behavior itself which cannot inform investigators on how improve behaviors to levels
recommended for health benefits. However, there is likely to be limited statistical power
in longitudinal studies of this sort because change in behavior potentially elicited from
change in the environment may not occur amongst enough participants to be statistically

significant. In contrast, randomized trials including individual-level interventions, or a
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mixture of individual- and environmental-level interventions have been shown to be more
successful at eliciting behavior change®.

In the analysis of data from the NuPA trial, our estimates suggest that any
intervention effect was inversely proportional to access to resources. For FVC, the
difference between the intervention arm and the control arm in the increase in daily
servings of fruits and vegetables consumed was greatest among those with the least
variety and diversity of grocers. Furthermore, the same relationship was seen with the
intervention effect on PA being greatest among those with the least diversity of parks.
These findings were observed despite multiple sources of non-differential
misclassification. Additional analysis to determine the potential effect of geocoding
errors (Chapter 4 and 5) and informative loss to follow-up (Chapter 6) revealed no
substantial bias to explain the findings.

Given the observational literature — which has consistently reported a positive
association between access to better nutrition and physical activity environments and
healthy lifestyle behaviors — these findings were unexpected. They suggest that the
relationship between behavior, behavior change, and the built environment may be more
complex than previously thought. It is possible that the inverse relationship may be
observed only when low intensity interventions are administered. Future studies
involving more intense interventions — those involving supervision, more frequent
counseling sessions, or face-to-face educational or counseling sessions — may yield
different results.

Strengths and Limitations

There were several limitations to these findings.
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First, the study may not have had adequate power to detect statistically significant
differences in intervention effect across characteristics of the environment. This is a
limitation that is faced by most analyses of intervention effect modification because
randomized studies are generally designed to have adequate power to detect a statistically
significant main intervention effect. This limited power was further exacerbated by non-
differential misclassification of the exposures which may have biased estimates towards
the null. However, these sources of bias could not be avoided given the design of the
current study and may be common to secondary analyses of intervention trials. Concerns
for confidentiality necessitated the use the block group (BG) centroid rather than actual
address of participants for exposure ascertainment and the identification of businesses
from a commercial database reduced the time, cost, and effort in ascertaining exposure to
grocery stores in comparison to ground-truth data, which could not have been feasibly
collected solely for the purpose of performing this study.

The use of the commercial databases, both for the grocer businesses examined in
the FVC study and the parks and street data in the PA study, also provides several
advantages. Time, personnel, financial resources, and computing resources that would
have been spent to collect data on grocer locations, parks, and streets is not required, thus
preventing the duplication of the efforts across the research team and the companies
producing such databases and frees resources for use in other areas. Second, the variety
of data collected (business size, location type, etc.) as well as the standard definitions and
quality control measures applied to commercial resources provides the researcher with
more data than can be collected solely for research purposes, and more uniformity in data

quality across geographies. In this analysis, we were able to examine associations with
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access to any and all grocery stores, as well as with just chain grocers. Of course, use of
external data sources presents challenges in determining data quality, validity, and
consistency across areas of interest to the researcher. However, findings from our
validation study (Chapter 5) suggest that those concerns could not have strongly biased
our findings, except for non-differential misclassification potentially biasing the observed
associations towards the null

In addition, this study is limited in that exposures are highly correlated with one
another. For example, the distance to the nearest grocery store (proximity) and the
number of grocers within 8.05 km (5 miles) is correlated with a coefficient of -0.51
(p<0.0001). This makes it difficult to obtain estimates of the independent associations
between behavior and these exposures. Further increasing the difficulty in obtaining
stable estimates, participants were clustered within cities, but further adjustment for
correlation at lower levels within city — such as random effects for block groups included
in the analysis of fruit and vegetable consumption — is computationally intensive and
models often do not converge.

There are also several strengths to this study. Specifically: (1) the main
motivation for conducting these studies lay in the fact that the temporal relationship
between environment and behavior change was established, (2) the use of heterogeneity
in the intervention effect accounts for multiple sources of change in reporting of behavior
that may be un-related to the questions of interest, (3) the original NuPA study elicits
more behavior change than can be observed in a longitudinal study, and (4) the results

may be generalizable. On this last point, the participants analyzed in the studies reported
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for this dissertation were representative of the population in the United States based on
race, education, employment and marital status.

The main advantage of this study, and the main motivation for conducting this
dissertation, was that the design establishes the temporal sequence between environment
and behavior change.

The use of the heterogeneity in the intervention effect across environment as a
measure of the association between environment and behavior change addresses two
limitations with self-reported behavior: (1) changes in reporting and desirability effects
and (2) temporal trends in behavior previously mentioned. First, participants may report
a change in behavior simply because they become increasingly knowledgeable about
what constitutes a serving of fruits or vegetables once they are exposed to the survey
instrument as well as to any educational element of an intervention or control. This has
been a criticism of intervention studies that report change in behaviors only in one group
of individuals who all received an intervention''. In the NuPA study, both the control
arm and the intervention arm were evaluated using the same instrument and received the
same educational materials. Thus, changes in reporting are accounted for in the analysis
as they occur in both arms. Second, participants may report an increase in consumption
because they want to report behaviors more consistent with those that are socially
acceptable or desirable'”. This is affected by the educational materials, but may also
result from repeated questioning of participants regarding healthy behaviors by
evaluators. However, participants in the control arm and in the intervention arm are both
surveyed in the same way and by evaluators blinded to their randomization status. As

such, increased reporting due to desirability effects are accounted for in the estimation of
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the intervention effect. And last, secular trends in behavior change in the target
population may also explain increases in healthy behaviors observed over the course of a
randomized trial. Because participants are randomized as they are recruited, this trend
should affect both randomized arms in the same way and thus does not affect the
estimation of the intervention effect.

In addition, all participants in the NuPA study were given educational materials.
This increases the possibility that participants will change their behavior as well as the
magnitude of change that will result. This is in contrast to longitudinal studies which,
being observational, may not elicit as much behavior change and therefore would be less
likely to detect a statistically significant degree of behavior change, beit overall or across
levels of the environment.

Overall, this dissertation demonstrates that this study design can be used
effectively for studying a problematic and complex exposure-outcome relationship.
Furthermore, it demonstrates how two bodies of literature can be combined to inform one
another. In the case of this dissertation, we attempted to determine whether the moderate
effects observed in this randomized trial were due to potential biases resulting from
differential loss across levels of the environment. With respect to loss to follow-up, this
is a relatively un-examined group of variables. We also attempted to address the
limitations of observational studies by establishing temporality in the association between
behavior and environment. We measured environment at enrollment and then examined

behavior change.

Implications
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On Future Research

As evidenced in the above discussion of limitations, there are several areas where
improvements can be made to increase statistical efficiency, promote better
understanding of the independent associations between behavior and exposures, and also
improve the effectiveness of intervention studies.

First, refinement of definitions for assessing access to resources for healthy
behaviors may be beneficial in efforts to improve the understanding of mechanisms by
which these resources affect individual behavior. Few existing studies have carefully
examined and contrasted different measures of access. Even fewer have examined
different measures across different scales, as was done here in the use of two different
buffer zones representing different preferences in commuting modality. Studies that have
examined different definitions of access have not always found the relationships expected
from the previous literature. For example, Apparicio et al. did not find the presence of
food deserts in Montreal although previous research had suggested there should be areas
with little or no access to grocers. The authors used definitions of access including
variety, diversity, and proximity to grocery stores® within the scale of a city. In contrast,
other studies have reported the existence of food deserts when examining national-level

13, 14
data >

. Differences in these findings may lay in multiple sources including the
different geographies examined, the different scales examined, and differences in
definitions of access. Further investigation is needed to determine whether small-scale

difference as studied in Apparicio et al. or whether large-scale differences are more

important for individual-level behavior.
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The multitude of extant data regarding the built environment — from national-,
state-, metropolitan-area level governments, commercial firms, or independent
researchers — will make studies regarding the environment more feasible as data
collection increases and data are made increasingly available. A challenge arising out of
this wealth of data, however, is the correlated nature of the exposures15 . This makes it
difficult to determine the independent effects of different exposures. However, different
methodologies have been adopted from other fields'® and may prove to aid in addressing
these challenges. In fact, one study performed by King et al examined the association
between the perceived physical activity environment and intervention effect using a
signal processing methodology designed to identify participant subgroups with
significantly different intervention effects'’. These subgroups can be defined using any
combination of variables, including those that may be highly correlated.

King’s study and the NuPA analyses represent a departure from methodologies
used in the previous literature in which those conducting intervention studies have
seldom examined intervention effects across sub-groups other than those defined by
demographic variables. However, investigators are increasingly becoming aware that
examining the potential for differential intervention effect is important. This is true not
only for identifying subgroups for whom the intervention may be targeted for services
delivery or future intervention studies, but also for understanding the mechanisms by
which the intervention may or may not work and for identifying environment
determinants that may not be a component of the intervention, but may serve as a
modifier of the intervention effect. This less obvious role of the randomized trial design

can be employed for other purposes as well, as demonstrated here. Future studies might
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involve a widely-accepted, individual-level behavioral intervention with recruitment from
populations geographically defined to examine the effect of the built environment on
intervention effect. Since the intervention will be widely accepted, the design should
involve a delayed intervention for a control group.

Effect modification is not as well understood or as easily reported as other
phenomena, such as confounding’. Employing effect modification as a focus of research
rather than as ancillary findings to a randomization trial requires better understanding of
how effect modification may manifest. There is ample discussion in the literature
regarding the effect of scale, model, and estimation methods on the interpretation of
statistical findings and, specifically, the interpretation of effect modification. Although
epidemiologists are aware of the issues in interpreting the multiplicative scale, a
challenge remains in mobilizing researchers to use additive models'®. This is particularly
poignant as theoretical and methodologic discussion of effect modification has largely
been limited to the additive scale” ' .

Another challenge lies in the use of statistical significance as a criterion for
meaningful effect modification. As discussed above, randomized trials are usually
adequately powered only for detecting the main intervention effect’’. As such, any
examination of effect modification will likely be underpowered. This is not likely to
change as funding structures will remain focused on attaining power for estimating the
main intervention effect. However, the alternative (examining the magnitude of
differences in intervention effect among subgroups) remains problematic. Judgment
regarding what constitutes a meaningful difference in intervention is inherently

subjective, and a lack of a summary measures across groups — particularly when there is
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not a monotonic effect — may make interpretation difficult. As demonstrated in the
Chapters 4 and 5, these challenges may be overcome by examining patterns in the
intervention effect. Furthermore, results from observational studies may serve as
effective guides for formulating a specific approach.

On Policies and Initiatives to Change Nutrition and Physical Activity Environments

Despite the multitude of challenges in studying the nutrition and physical activity
environments and their association with their respective behaviors, there has already been
much social and financial investment in environment-level changes, particularly in the
creation of mixed use communities. The United States Environmental Protection Agency
offers an award for communities promoting the principles of what has been termed
“smart growth”zz. Although composed of multiple components, the features
distinguishing a “smart growth” community from others includes the promotion of mixed
land use, the creation of walkable neighborhoods, and preserving open spaces.
Furthermore, these initiatives attempts to address issues of quality of life, economics, and
health™.

However, evidence to support direct effects of these communities and initiatives
on the issues of quality of life and health are still equivocal at best™. In particular, the
claim of direct health and behavioral effects requires stronger evidence than what is
currently available from cross-sectional studies. Some policy-makers claim that these
initiatives are not a benign phenomenon because they further marginalize segments of the
population who are at the most risk of adverse health behaviors and health outcomes®.
By artificially increasing the cost of housing in the process of “smart growth”

development, low-income, minority, under-served populations are the least likely to



188

benefit from the process and the most likely to feel the negative effects. Furthermore,

these initiatives may draw attention away from truly causal relationships, not only

detracting from resources and efforts required to address the existing public health

problem, but also damaging the trust held between the public and public health

institutions — be it researchers, policy-makers, or others’.

Overall, we conclude that access to grocers and access to parks may be inversely

associated with behavioral change from a modest, low-intensity, individual-level

behavioral intervention. Since those who benefited the most from the intervention were

participants with the least access to resources and opportunities for healthy behavior,

future studies may benefit from similar analysis to determine whether this inverse

relationship is maintained in populations exposed to a more rigorous or intense

intervention.
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Appendix 1: Health for Life Intake Questionnaire (March 2005)

User Name Date Time

Client Name Constituent/ACS ID

1. Reason for calling
Personally interested in Health for Life

Family/Friend of a person interested in Health for Life
Other (Drs. Office, Teachers, Community Org)

If Family/Friends, go to #2, then 2a

If “Other”, go to #2, then 2b

If caller is under 18, go to #2, then 2¢

If caller is personally interested in Health for Life, go to#2, then #3

2. How did you hear about this phone number?

[INewspaper story [_|[Newspaper ad [TV news story L1TV ad

[ JRadio news story [ JRadio ad [ ]Doctor [ ] Phone Book
[ ]Pharmacist [ INurse [lOther health care provider

[ IFlyer from school [IFlyer from work [ _|Flyer from community

[ |Friend [ |Relative [ ]Internet/Website

[ JACS Office [ |Transferred from NCIC

[ |County Health Dept.

[ ]Other/Describe Ad

2a. That's great that you want to help your friend or family member live a healthier life.
I'm going to send you a booklet that talks about nutrition and physical activity. You can
read it yourself and perhaps give it to the person you want to help. Also, please
encourage your friend or family member to give us a call when they are ready to
participate in the Health for Life program. (We will only enroll the participant if we
speak with them over the phone, no third party participants will be enrolled without us
talking with the participant directly and completing their individualized intake.)

Is there anything else I can do for you today? (Answer questions/requests with applicable
information from call handling resources)
Thank you for calling your American Cancer Society.

Order “Living Smart” Fulfillment #2042.00

2b. What can I help you with today?
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(Answer questions/requests with applicable information from call handling
resources)
If from the media, e-mail “Health for Life Questions”

Thank you for calling your American Cancer Society.

2c. I see from your date of birth that you are not 18 years old. Unfortunately, we won’t
be able to include you in this program. However, I would be happy to send you some
nutrition and physical activity information through the mail. Would you like to receive
those?

[ Yes [ ] No (Answer questions/requests with applicable information from
call handling resources)

Is there anything else I can do for you today?
Thank you for calling your American Cancer Society.

Order “Living Smart” Fulfillment # 2042.00

3. We have some services available to help you incorporate nutrition, physical activity and
weight management into your lifestyle. But first I’d like to ask you a few demographic
questions, will that be okay?

[ IYes (go to # 4) [ INo (go to # 3a)

3a. Okay, we have some nutrition and physical activity information available we can mail, if you
are interested? Also, if you change your mind about sharing information with us feel free to call
us back; we're here to help. Do you have our phone number?

(1-877-4R-LIVES /877-475-4837)

Is there anything else I can do for you today?

(If yes) Answer questions/requests with applicable information from call handling
resources.

Thank you for calling your American Cancer Society, good bye.

If interested in receiving materials, Order “Living Smart” Fulfillment # 2042.00

4. Do you have access to the Internet for your personal use?

[ ]Yes [ ]No

5. Do you have an email? [ ]Yes [ INo (If Yes, enter e-mail address in Siebel)

6. What is the highest grade or year of school completed?



7.

8.

0.
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[] Never attend school or only Kindergarten

[] Grades 1-5 (some Grade School) [_] Some College or Technical School
[] Grades 6-8 (some Jr. High School) [] College Graduate

[ ] Grades 9-11 (some High School)[_] Graduate School

[] High School Graduate or GED [ ] Refused to answer

What is your current employment status?

[] Paid full-time employment [] Student part-time
[] Paid part-time employment [] Self-employed

[ ] Homemaker [ ] Volunteer

[ ] Not employed-disabled [ ] Not employed-retired

[ ] Student full-time [] Unemployed

[ ] Refused to answer

What is your marital status?

[ ISingle [ ]Married [ ]Widowed [ ]Divorced
|:|Separated [ ]Other [ JRefused to answer

What is your ethnic background or race?

[ ]White [ IBlack |:|Hispanic
[ ]Asian American [ ]Indian/Native American
[ ]Other

[ |Refused to answer

Skip question # 10 for male callers

10. Are you currently pregnant or lactating?

[ ] Yes (go to #10a) [INo (go to #11)

10a. Unfortunately, this clinical trial does not meet the needs of your special population.
However, I would be happy to send you some nutrition and physical activity information
through the mail. Would you like to receive those?

[Yes [] No (Answer questions/requests with applicable

information

from call handling resources)
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12.

13.

14.

15.

16.

17.

18.
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Is there anything else I can do for you today?

Thank you for calling your American Cancer Society.
Order “Living Smart” Fulfillment # 2042.00

Do you currently have an eating disorder? (Anorexia Nervosa, Bulimia Nervosa, Binge
Eating Disorder) (self-reports suffering from an eating disorder and/or receiving treatment
for an eating disorder)

[ ] Yes (go to #10a) [INo (go to #12)

Have you felt sad or blue almost everyday for the last three months?
[]Yes [ ]No
In the past three months, have you considered yourself satisfied with your life?

[]Yes [ ]No

In general, would you say your health is:

[ ] Excellent [ ] Fair
[ ] Very Good (] Poor
[ ] Good [ ] Refuse to answer

In the past three months, on a typical day, how many servings (1 serving = %2 cup) of fruits do
you consume each day? Count any kind of fruit- fresh, frozen, canned or dried. (Please
exclude fruit juice.)

In the past three months, on a typical day, how many servings (1 serving = 2 cup) of
vegetables do you consume each day? Count raw, cooked, canned or frozen as well as cooked
dried beans. (Please exclude vegetable juices, white potato products, fried or processed
starchy vegetables like French fries, potato chips and hash browns.)

In the past three months, on a typical day, how many minutes of physical activity do you get
each day? (physical activity to include mild, moderate and vigorous activity; i.e. minimal
effort/no sweating, sweat lightly, or rapid heart beating/heavy sweating, respectively)

How often do you eat cheese or cheese spread (not low-fat)?
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O Never

O <1 time per day

O 1 time per day

U 2 times per day

O 3 times per day

O 4 times per day

O 5 or more times per day

19. How often do you eat beef, pork or lamb? Include bacon, sausage, salami and hot dogs.

O Never

O <1 time per day

O 1 time per day

O 2 times per day

O 3 times per day

U 4 times per day

O 5 or more times per day

20. What kind of milk do you drink?

Whole milk

2% fat milk

1% fat milk

Skim, nonfat, or ¥ % fat milk
Soy milk

Rice milk

Other

poooooo

21. How many days of the week do you eat breakfast?

22. How often do you eat regular potato chips, tortilla chips, corn chips, etc.?

O Never

O <1 time per day

O 1 time per day

U 2 times per day

O 3 times per day

O 4 times per day

O 5 or more times per day



23. How often do you eat sugary foods like cake, candy, soda, sugary cereals?

24.

25.

26.

27.

Q
Q
Q
Q
Q
Q
Q

What do you think is the minimal number of daily servings of fruits and vegetables

Never

<1 time per day

1 time per day

2 times per day

3 times per day

4 times per day

5 or more times per day

recommended to reduce health risks?
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What do you think is the minimal amount of weekly physical activity recommended to reduce
health risks?

What are ways you know of to reduce health risks?

coooooooooon

Eat fruits and vegetables

Stay out of the sun/Use sunscreen
Get plenty of sleep

Reduce stress

Reduce amount of fat consumed
Lose weight

Limit alcohol consumption

Don’t smoke

Exercise

Limit red meat consumption
Minimize toxic environmental exposure

Other
0 Other has a free text box to allow additional response

What are ways you know of to reduce cancer risk?

cooooooooo

Eat fruits and vegetables

Don’t smoke

Stay out of the sun/Use sunscreen

Eat whole grains

Limit red meat consumption

Exercise

Limit alcohol consumption

Lose weight

Minimize toxic environmental exposure
Other



28.

29.

30.

31.

32.

33.

O Other has a free text box to allow additional response

Do you believe there is a link between being overweight and cancer risk?

Yes[ | No []

Do you know what your Body Mass Index (BMI) is?
Yes [_] (go to #29a) No [ ]

29a. What is your BMI?

Do you know what the healthy BMI range is?

O 19-249

O 25299

L Greater than 30
U Don’t Know

What is your current weight?
What is your height?
Has your doctor diagnosed you with any of the following conditions?

» Diabetes [ | Yes [ |No [_] Don’t Know
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* High blood pressure (140/90mm Hg or higher) [ ]Yes [ INo [] Don’t Know

= Cancer [ ]Yes (choose the primary cancer site) [ INo

= Ifyes, use drop down menu to choose what type of cancer (ability to choose

more than one choice)

=  Anal

= Bile Duct
= Bladder

= Bone

*  Bone Metastasis

=  Brain (adult)

= Brain (child)

= Breast

» Cancer of Unknown Primary
= Cervical



34.

35.

36.

37.

=  Colon and Rectum
=  Endometrial

= Esophagus

» Hodgkin’s Disease
= Leukemia

= Lung

= Lymphoma, Non-Hodgkin’s
=  Ovarian

= Pancreatic

=  Prostate

= Skin, Melanoma
= Skin, Nonmelanoma
= Stomach
= QOther
0 Other will have a free text box to allow additional response

= High cholesterol (total cholesterol 240 mg/dl or higher) [ | Yes [ |No

[ ] Don’t Know

Has your doctor prescribed a special diet for you because of a medical condition such as
diabetes, kidney problem, etc

[ ] Yes (go to 31a) [ INo
31a. What is the diet?
Do you use tobacco?

[ IYes [_INo (go to 32a)

32a. Did you quit within the last 3 months?

[ ]Yes |:|N0
Have you gained or lost 10 pounds or more in the last six months?

|:|Yes [ ]No

There are a variety of reasons why people change their lifestyle, please indicate if any of
these reasons are true for why you want to engage in a healthier lifestyle.

e Because others like me better when I am in shape [ | True [_] False
e Because I would feel bad about myself if I didn’t do it [_] True [_] False
e Because it is personally important to me to live a healthy lifestyle [ ]| True [ ] False
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e Because I simply enjoy living a healthier lifestyle [ | True [ ] False

38. Are you willing to make a serious attempt at making changes in your food and activity
choices within the next two weeks?

[ ] Yes (go to #39) [ _|No (go to #41a)

39. Because this is a study, I need to read you the following statement:

Your American Cancer Society is testing different services for incorporating better nutrition,
increased physical activity and weight management into one’s lifestyle. If you would like to join
this research, we will randomly assign you to receive either our self-help materials or to
participate in our telephone counseling program. We will check how well this service is working
by calling you back up to three times within the next year to ask about your success in changing
your lifestyle and how you feel about the help that your American Cancer Society has provided.

There are no known risks to you for taking part in our program, and if any part of the program
makes you feel uncomfortable, let us know and we can skip that part. For quality assurance, your
calls may be monitored, but any information you provide will be kept private and confidential.

Your taking part in this study is entirely voluntary and you may decide to quit at any time without
penalty. We do hope that your taking part in our program will directly benefit you in your attempt
to live a healthier lifestyle. If you have questions about this research study you may contact Dr.
Youngmee Kim, the Principal Investigator at 404-329-7626 or Youngmee.Kim@cancer.org. If
you have questions about your rights as a participant in this study, you may contact Dr. Karen
Hegtvedt, Chair, Social, Humanist, and Behavioral Institutional Review Board, which oversees
the protection of human participants. She can be reached at 404-727-7517 or
khegtv@emory.edu. If you do not wish to take part, we can still provide materials and
community resource information to help you learn more about nutrition, physical activity and
weight management.

Are you willing to take part in this study?
[ 1Yes (go to # 40) [INo (go to #41)
40. I'd like to ask you one last question. On a scale of 0-100%, where 0 is no chance and 100 is

absolutely, what do you think your chances are for being able to make lasting changes in your
food, activity and weight management choices?
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Electronic randomization takes place to select caller for self-help materials or counseling
If chosen for counseling, go to #42
If chosen to receive self-help materials only, go to #43

41. Okay, we have some nutrition and physical activity information available we can mail, if you
are interested? In addition, we may have some community resources in your area that could be
beneficial to your goals of living healthier.

41a. Okay, we have some nutrition and physical activity information available we can mail, if you
are interested? In addition, we may have some community resources in your area that could be
beneficial to your goals of living healthier. Please feel free to call us back if you feel ready to
make changes in your food and physical activity choices within the next 2 weeks.

Is there anything else I can do for you today?

(If yes) Answer questions/requests with applicable information from call handling
resources
Thank you for calling your American Cancer Society, good bye.

If interested in receiving materials, Order “Living Smart” Fulfillment # 2042.00
If interested in community referrals, check CID or CRD for applicable resources.

42. We would like to offer you telephone counseling supplemented by self-help materials to help
you make healthier choices. [ will send you the self-help materials today. Also, we do have
community resource information; there may be a support group in your area. Would you like me
to look up that information for you? If you have time, would you like to speak to a counselor

now?

Caller is then either transferred to a Counselor or an appointment is made.

If transferred, the Intake ends here, Intake Specialist sends the materials and the
Counselor completes the first session or schedules the session.

If an appointment is made by the IS, go to #42a to end the call.

42a. Is there anything else I can do for you today?

(If yes) Answer questions/requests with applicable information from call handling
resources.
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Schedule the appointment and send the self-help materials, Get on Track,
Stay on
Track

Thank you for calling your American Cancer Society.
43. We would like to offer you our new self-help materials. This three-part guide provides
information and helpful tips on incorporating good nutrition, physical activity and weight
management into your lifestyle. In addition, we have access to community resource information.
There may be a program or support group in your area. Would you like me to look up that

information for you?

Send self-help materials, Get on Track, Stay on Track

Thank you for calling your American Cancer Society.



203

Appendix 2: Get on Track, Stay on Track Outline (March 2005)

Get on Track, Stay on Track is the three part guide designed to serve as the self-help materials

provided to the participants in the Health for Life study.

Book 1

Get the Facts, Explore Habits, Set Goals!
Gain insight into your habits, identify areas of improvement,
and set personal goals for your eating and physical activity

habits. Start by taking it one step at a time; it all adds up to
success in the end!

 B0ok2

Take Control Of Your Choices!
Grocery lists, recipes, physical activity ideas, and more, It is
everything you need to begin your new lifestyle.

rBookB

Make It Last A Lifetime!
Now that you have your new choices in place, learn how to

make them last. Rewards, stress management, and relapse
prevention are important steps to staying on track!

® Facts about benefits to overall health for good food choices and physical activity
® BMI chart and discussion of healthy weight ranges

® Goal Setting

® Gaining support/establishing a support system

® Keeping a food journal
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Book 2
e Tips for reading a food label
e Standard portions and understanding portion sizes with visuals
e Healthy cooking/exchanging high fat ingredients with lower fat options
e Physical Activity ideas and suggestions for moderate versus vigorous
e Healthy recipes

e Shopping list with recommendation for basic ingredients in a healthy kitchen

Book 3
e Rewards and motivation
e Stress management
e Relaxation techniques
e Cognitive restructuring with thoughts and actions
e Lapse and Relapse prevention information

e (Creating a supportive environment

Living Smart is the American Cancer Society’s guide to eating healthy and being active. The

pamphlet has some general suggestions for achieving success with good food choices and weight
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management. This publication will be used to offer general educational information for callers

who do not qualify or enroll in the Health for Life program.

Living
Smart

The American Cancer Society’s
guide to eating healthy and
being active
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Appendix 3: Health for Life Counseling Outline (March 2005)

Session One

Confidentiality and format of sessions

Review of lifestyle, hobbies, interests

Reasons for wanting change

Advantages and disadvantages of lifestyle change (decisional balance)
Recommendation to read materials, use a food and physical activity journal to help
decide what changes you can begin to make

Identify where you need improvement and identify your strengths
Recommendation to involve health care professional if on other medications
Ask for guidance if needed, Drs., nutritionists, registered dieticians
Introduction to key elements in plan:

Food choices

Physical activity

Stress management

Introduction to social support

Scheduling of “change” date

Commitment to create “change plan” in next session

Session Two

Making a reasonable plan

Reviewing using a food and activity journal

Basic goal setting information:

e Realistic goals means you are more likely to be successful
e Moderation, make small changes over time

e Set short term goals and set out to tackle them one at a time
e Small changes eventually become regular behavior
Review of reasons for changing

Education about healthy eating (fruits, veggies, et)

Elicit change strategy for eating

Education about Physical Activity

Elicit change strategy about activity



Confirm selection of changes for Phase One of change plan
Identifying and tracking triggers (stress) to eat
Review of support system and how to use

Creating written for plan for night before and days after

Session Three

Review of Phase One change attempt

Food Choices

Physical Activity

Teaching stress management strategies
Teaching thinking and action strategies
Discussion of challenges and evaluation of strategies
Creating strategies for future tough situations
Teach mental rehearsal

Discussion of willpower vs. skill learning
Discussion of slips/relapse prevention
Review of support system

Create timeline for Phase Two changes

Session Four

Assessment of Phase One changes

Identification of differences noted in energy and stress
Assessment of changes in motivation and coping strategies
Assess readiness to move to Phase Two

Create written Phase Two plan (if appropriate)

Evaluation of challenges in Phase Two

Planning for future tough situations

Review of successful strategies and mental rehearsal

Create timeline for Phase Three implementation

Session Five

Assessment of Phase Two changes

Identification of differences noted in energy and stress
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Assessment of changes in motivation and coping strategies
Assess readiness to move to Phase Three

Create written Phase Three plan (if appropriate)
Evaluation of challenges in Phase Three

Review strategies with stress management, support, thoughts and rewards/motivation

Session Six

Assessment of Phase Three changes

Identification of differences noted in energy and stress

Assessment of changes in motivation and coping strategies
Establishing personal long-term goals with food, activity and weight
Long-term planning for future tough situations

Discussion of lifestyle changes and long term maintenance

Review strategies with stress management, support, thoughts and rewards/motivation

Boosters (1, 2, & 3)

Check-in on status of changes and success with long-term goals
Review challenges and strategies in place to maintain goals

Review strategies with stress management, support, thoughts and rewards/motivation

208



209

Appendix 4: Health for Life Evaluation 3, 6 and 12 months (March 2005)

PARTICIPANT INFORMATION

STATE:

CONSTITUENT ID:

PHONE NUMBER:

CREATION DATE: /A

Please
circle

FOLLOW-UP TYPE: 3 MONTH

nno

6 MONTH

12 MONTH

Evaluator Name:

This is <_Evaluator Name> calling from the Health for Life evaluation research unit at your
American Cancer Society.

We are studying the effects of the assistance you recently received from the Health for Life study.
This interview will take 5 to 10 minutes to complete. May I have your permission to continue?

The purpose of the interview is to find out about your food, activity and weight management
choices after your call to your American Cancer Society.

It is important that you know that your participation is entirely voluntary. You may decide not to
take part or to quit the interview at any time without penalty.

There will be no risk or discomfort to you in providing responses to the questions asked in this
interview, however should you feel uncomfortable in providing a response to a specific question,
you may skip that question.

Y our participation will benefit the American Cancer Society by providing useful
information on the effectiveness of the assistance that we’ve provided you.

Your answers will be kept confidential. Your name will not be known to anyone nor will it be
used in any reports or publications from this study.

Are you willing to participate in this interview?
If yes, say “Good, thank you.” and continue on the next page.
If no, thank the person for her or his time, probe for why not, and describe below.
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I’d like to ask you a few questions about your food, activity and weight management choices
since you contacted your American Cancer Society’s Health for Life program.

1. In the past three months, on a typical day, how many servings (1 serving = 2 cup) of fruits do
you consume each day? Count any kind of fruit- fresh, frozen, canned or dried. (Please
exclude fruit juice.)

2. In the past three months, on a typical day, how many servings (1 serving = % cup) of
vegetables do you consume each day? Count raw, cooked, canned or frozen as well as cooked
dried beans. (Please exclude vegetable juices, white potato products, fried or processed
starchy vegetables like french fries, potato chips and hash browns.)

3. In the past three months, on a typical day, how many minutes of physical activity do you get
each day? (divide minutes of activity by 7 if they are active less than daily) (physical activity
to include mild, moderate and vigorous activity; i.e. minimal effort/no sweating, sweat
lightly, or rapid heart beating/heavy sweating, respectively)

4. How often do you eat cheese or cheese spread (not low-fat)?

O Never

O <1 time per day

O 1 time per day

O 2 times per day

O 3 times per day

U 4 times per day

O 5 or more times per day

5. How often do you eat beef, pork or lamb? Include bacon, sausage, salami and hot
dogs.

O Never

Q <1 time per day

Q 1 time per day

Q 2 times per day

Q 3 times per day

Q) 4 times per day

Q 5 or more times per day

6. What kind of milk do you drink?

L Whole milk
O 2% fat milk
Q) 1% fat milk
Q Skim, nonfat, or %2 % fat milk
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O Soy milk
] Rice milk
Q) Other

7. How many days of the week do you eat breakfast?

8. How often do you eat regular potato chips, tortilla chips, corn chips, etc.?

O Never

O <1 time per day

O 1 time per day

O 2 times per day

O 3 times per day

O 4 times per day

O 5 or more times per day

9. How often do you eat sugary foods like cake, candy, soda, sugary cereals?

O Never

O <1 time per day

O 1 time per day

O 2 times per day

O 3 times per day

O 4 times per day

O 5 or more times per day

10. What is your current weight?

11. Have you felt sad or blue almost everyday for the last three months?

O ves
O No

11a. In the past three months, do you consider yourself satisfied with your life?

O vYes
Q No

12. What do you think is the minimal number of daily servings of fruits and vegetables
recommended
to reduce health risks?

13. What do you think is the minimal amount of weekly physical activity recommended to reduce
health
risks?



14. What are ways you know of to reduce health risks? (ability to choose up to 5
choices)

Eat fruits and vegetables

Stay out of the sun/Use sunscreen
Get plenty of sleep

Reduce stress

Reduce amount of fat consumed

Lose weight

Limit alcohol consumption

Don’t smoke

Exercise

Limit red meat consumption

Minimize toxic environmental exposure

Other
(Other has a free text box to allow additional response)

coooo0o00 oooo

15. Do you believe there is a link between being overweight and cancer risk?

O Yes
U No

16. Do you know what your Body Mass Index (BMI) is?

O Yes (go to 16a)
O No

16a. What is your BMI?

17. Do you know what the healthy BMI range is?

O 19-24.9

O 25299

Q) Greater than 30
U Don’t Know

18. Has your doctor diagnosed you with any of the following conditions?

* Diabetes [ | Yes [ JNo [ ] Don’t Know
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* High blood pressure (140/90mm Hg or higher) [ ] Yes
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[ INo [] Don’t Know

= (Cancer [ ] Yes (choose the primary cancer site/s) [ |No
= Ifyes, use drop down menu to choose what type of cancer

=  Anal

= Bile Duct
=  Bladder

= Bone

=  Bone Metastasis
=  Brain (adult)
= Brain (child)

= Breast
= Cancer of Unknown Primary
= Cervical

=  Colon and Rectum
=  Endometrial

= Esophagus

* Hodgkin’s Disease
=  Leukemia

= Lung

* Lymphoma, Non-Hodgkin’s
= Qvarian

=  Pancreatic

= Prostate

= Skin, Melanoma

= Skin, Nonmelanoma
=  Stomach

= Other

0 Other will have a free text box to allow additional response

= High cholesterol (total cholesterol 240 mg/dl or higher) [ | Yes [ [No [ ]

Don’t Know

18a. In general, would you say your health is:

[ ] Excellent [ ] Fair
[] Very Good [ ] Poor
[ ] Good [ ] Refuse to answer

19. Has your doctor prescribed a special diet for you?

[ ] Yes (go to 18a) [ No

18a. What is the diet?
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20. Do you use tobacco?
[ Yes [ INo (go to #20a)

20a. Did you quit within the last 3 months?

[]Yes [ ]No

21. Since contacting the Health for Life program, did you make changes to your food choices?

[ ]Yes [ ]No

21a. Did you make changes to your physical activity choices?

[]Yes [ ]No

22. Since contacting the Health for Life program have your family or close friends helped you

with your
food and activity choices?
|:| Yes |:|N0

22a. Do you think the Health for Life program you participated in has influenced the food
and
activity choices among your family or close friends?

[]Yes [ ]No

23. Since you contacted the Health for Life program have you gotten other forms of
assistance to help you with food, activity or weight management choices?
~___0.No
1. Other counseling
2. Bio-feedback
3. Hypnosis
4. Acupuncture
5. Internet
6. Support groups

7. Personal Trainer
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&. Nutritionist

9. Other (specify)

24, On a scale of 0-100%, where 0 is no chance and 100 is absolutely, what do you think your
chances are

for being able to make lasting changes in your food, activity and weight management
choices?

Now I’d like to ask you about your satisfaction with our services. Could you please rate the next
question for me on a scale from 1 to 10, where “1” represents “Poor”and““10” represents
“Excellent”?

25. Please tell me how you would rate your overall experience with the American Cancer
Society’s Health for Life program?
(If 1, 2, or 3 go to 25a)
(If 4 or more go to 26)

25a. Can you tell me why you feel that way?

PROBE: Are there any other reasons?

26. On a scale from 1 to 10, where “1” represents “did not meet expectations,” and “10”
represents “exceeded expectations”, overall, how would you say the information you received
from the American Cancer Society met your needs?

27. Did you receive our materials in the mail? (only ask at 3 month)
~1Yes (go to 28)
_____0ONo (go to 29)
2 Don’trecall (go to 29)

28. On a scale of 1 - 10, where “1” represents “not at all helpful” and “10” represents “extremely
helpful”, how helpful do you feel the self-help materials were in your ability to make changes?
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29. Did the American Cancer Society refer you to any
community resources (support groups, etc.)?

1 Yes (go to 29a)
0 No (go to 30)
2 Don’t recall (go to 30)

29a. Did you use them? 1 Yes (go to 29b)
0No (goto30)

29b. Which ones? (go to 30)

30. After you called the American Cancer Society were you set up to receive counseling?

1 Yes & Received at least 1 session (go to 31)

2 Yes —received zero sessions (go to 40)

3 No - was not set up to receive counseling (go to 40)
4 Don’trecall (go to 40)

____ 5 Refused to answer (go to 40)

31. On a scale from 1 to 10, where “1” represents “Poor,” and “10” represents “Excellent” please
tell me how you would rate the overall quality of the service provided by the counselor you spoke

with?
(If1,2,0r3 goto 32)
(If 4 or more go to 33)

32. Ok is there anything in particular that you can tell us about
why you feel that way?

PROBE: Are there any other reasons?

33. On a scale of 1 - 10, where “1” represents “not at all helpful” and “10” represents “extremely
helpful”, how helpful was your counselor in your efforts to make changes?

34. On a scale of 1 - 10, where “1” represents “not at all satisfied” and “10” represents “extremely
satisfied”, please rate your satisfaction with the information you received from your counselor.
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On a scale from 1 to 10, where “1” represents “did not meet expectations,” and “10” represents
“exceeded expectations”, please rate your counselor(s) on the following attributes:

35. Their sincerity

36. Having a positive and helpful attitude
37. Having compassion for your situation
38. Ability to understand you

39. Conveying confidence in your ability to do well at changing your lifestyle (go to 42)

40. On a scale from 1 to 10, where “1” represents “Poor,” and “10” represents “Excellent” please
tell me how you would rate the overall quality of the service provided by the person you spoke
with during your first call?

(If 1,2, 0r 3 go to 41)
(If 4 or more go to 42)

41. Ok is there anything in particular that you can tell us about
why you feel that way?

PROBE: Are there any other reasons? (go to 42)

42. What parts of the telephone assistance or self-help materials were most useful to you?

43. How could this service be improved in the future?

44. This question is another way to help measure your satisfaction with the services that you
received overall. If you had to assign a dollar value to the services you received, what would it
be?
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This concludes the interview.

<3 and 6 Month follow-up ONLY... Do not say this with 12 Month follow-up>

You will be contacted again in a few months to see how you are doing.

Please feel free to ask questions you may have about the interview or about your rights as a
research subject. Do you have any questions now?

All: If other questions occur to you later, we have a number that you can call. Do you have a pen
and paper? You may contact Dr. Youngmee Kim, the Principal Investigator at 404-329-7626.
And for concerns specifically about your rights as a research subject, you can call Dr. Karen
Hegtvedt, Chair of Social, Humanist, and Behavioral Institutional Review Board, which oversees
the protection of human participants at 404-727-7517.

Thank you for your participation on behalf of your American Cancer Society.
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Appendix 5: Power Simulations

Outcome(f) = a + (B, + fo %I ++ B, = E++8; x I % E)xt

Outcome(t):

(028

B0:
B1:

B2:

B3:

Assume:

1.

2.

outcome measured at time t (srv/day of FVC, min/day of PA)
mean outcome at baseline

time trend/Hawthorn effect in both intervention and control groups
change in outcome from baseline to 6 months due to intervention
(among those unexposed to environment)

change in outcome from baseline to 6 months due to environmental
exposure (among those in the control group)

additional change in outcome from baseline to 6 months due to
environmental exposure among those in the intervention group (or

due to intervention among those in the exposed group).

Alpha and the betas are fixed, but unknown quantities.

P(I=1)=P(I=0)=0.5 This is from the design.

P(E=1) taken from literature

I and E are independent due to randomization Good.

Ceffective sample size assuming independence of observations

Take into account 60% losses by 6 months

Actual N in each arm is 750 (1250*0.6)

b. Assuming ICC from 0.002 to 0.05

Changes effective sample size

No change in outcome across time among those not in self-help/control group
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a. p0=0
b. p2=0
7. Estimates of B1 can be obtained from the clinical trial literatures

1. Parameter of interest is 3

Power to detect B3 perhaps best represented as a surface plot with X and Y axes being

effective sample size and |B3|, and Z axis representing power

Peower

Effecrive
Sample Size

Keeping power constant at 80% and the alpha level constant at 5%, the minimum
detectable |B3|, given a range of the effective sample size (ESS) and exposure proportion,
was estimated using a simulation method using 100 simulations of the data each time.
The value of |B3| for which approximately 80% of trials resulted in a rejection at the 5%
significance level, was taken to be the minimum detectable sample size. This was plotted
on the Z axis against ESS and exposure proportion.

Simulation Coding

data one;

alpha=30; sdalpha=0; *mean and sd of baseline outcome;

beta0=0; sdbeta0=0; *mean and sd of effect of time/hawthorn effect;
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deltal=10; sddeltal=0; *mean and sd of intervention effect among those
unexposed;
delta2=0; sddelta2=0;  *mean and sd of exposure effect among those in

the control group;
gamma=5;  sdgamma=60; *mean and sd of exposure effect among those in

the intervention group;

prope=0.25; *proportion of those who are exposed;

loss=0.6;

reduce=0.6;

keep=(1-loss)*(1-reduce);

intv=1273*keep*reduce;

sh=1199*keep*reduce; *number in intervention and self-help arms, total
N’s taken from sample size at the September 2007
update;

run;

% macro power();

%do i=1 %to 100;
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data didi&i; *generates 100 datasets with properties given in
data set one;

set one;

dataset=&i*1;

do k=0 to (intv-1) by 1;

vari=1;

baseline=max(0,(rannor(0)*sdalpha+alpha));

vare=ranbin(0, 1, prope);

outcome=max(0, baseline
+(betaO+rannor(0)*sdbeta0)
+(deltal+rannor(0)*sddeltal)*vari
+(delta2+rannor(0)*sddelta2)*vare
+(gamma-+rannor(0)*sdgamma)*vare*vari)

output;

end;

do k=0 to (sh-1) by 1;

vari=0;

baseline=max(0,(rannor(0)*sdalpha+alpha));

vare=ranbin(0, 1, prope);

outcome=max(0, baseline
+(beta0-+rannor(0)*sdbeta0)

+(deltal+rannor(0)*sddeltal)*vari
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+(delta2+rannor(0)*sddelta2)*vare

+(gamma-+rannor(0)*sdgamma)*vare*vari)

output;
end;
run;
%end;
data combined; *concatenates the 100 datasets generated by the
macro. Increases efficiency in running proc glm;
set

%do 1i=1 %to 100;
didi&i

%end;;

run;

% mend;

%power(); run;

ods output ParameterEstimates=pvalues;

proc glm data=combined; *runs the model separately for each of the 100

datasets generated in the macro;
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model outcome=baseline vare vari vare*vari;
by dataset;
run;

ods output close;

data three;

set pvalues; *extracts the p-values for the parameter of interest
in each of the 100 GLMs executed in the previous
procedure.;

where Dependent='outcome' and Parameter='vare*vari',

if probt<=0.05 then sig=1;

if probt>0.05 then sig=0;

run;

proc print data=three;

run;

proc freq data=three; *produces a frequency table to indicate what
proportion of the 100 models resulted in a
significant result for the parameter of interest;

tables sig;

run;
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Appendix 6: Search Strategy for Systematic Review of Effect Modification in Trials to

Increase Fruit and Vegetable Consumption

Intervention-related search terms. Adapted from Brunner et al 1, Foster et al 2, Kremers et
al °. Combined using the “or” operator.

explode “Communication”/ all subheadings

explode “Practice-Guidelines™/ all subheadings

explode “Counseling” tree: 3/ all subheadings

explode “Diet-Therapy’’/ all subheadings

explode “Health-Education™/ all subheadings

explode “Life-Style/ all subheadings

diet* adj (therap* or educat® or counsel* or intervention* or treatment*)

nutriti* adj (therap* or educat* or counsel™® or intervention®)

health adj (therap* or counsel* or educat™®)

group adj counsel*

brief adj intervention*

health adj behav* adj intervention*

advice

leaflet*

video*

guideline*

lifestyle* near chang*

diet* near chang*



intake™® near (increas* or decreas® or reduc* or rais* or low* or
chang™* or restrict* or high*)

consumption near (increas* or decreas* or reduc* or rais* or low*
or chang™* or restrict* or high*)

(salt or sodium) near (decreas* or reduc* or low* or chang* or
restrict®)

(fat* or cholesterol) near (decreas* or reduc* or low* or chang* or
restrict®)

(fish or fruit* or vegetable*) near (increas* or rais* or chang* or
high*)

Health education/

Primary prevention/

Health promotion/

Behaviour therapy

Cognitive therapy

Primary health care

Workplace/

promot$.tw.

educat$.tw.

program$.tw.

health promotion

intervention
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Diet-related search terms. Adapted from Brunner et al ' and Kremers et al °. Combined
using the “or” operator.
explode “Fruit”/ all subheadings
explode “Vegetables”/ all subheadings
explode “Food-Habits”/ all subheadings
“Diet”/ all subheadings
“Diet-Therapy”/ all subheadings
diet* in ti,ab
food* in ti,ab
mediterranean* in ti,ab
vegetable* in ti,ab
fruit* in ti,ab
legum* in ti,ab
roughage in ti,ab
5-a-day
food habits
food
fruit and vegetable consumption
fruits

nutrition

Diet- and intervention-related search terms were combined using the “and” operator.
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