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ABSTRACT

JIANG LI: Understanding Pathways to Weight Loss among Empl@&ges and Organizations
Enrolled in the WAY to Health Worksite-based WeightLoss Study
(Under the direction of Laura Linnan)

The focus of this dissertation is to understand hasksite-based multilevel weight loss
interventions influence employees and worksitesléad in the WAY to Health research study.
Paper 1 uses the RE-AIM framework to evaluate th#ip health impact of the minimal-
intensity worksite-based environmental change wetation called The Winner’s Circle Dining
Program (i.e., WC). In Paper 2, | conducted amprgoided mediational analysis to examine
motivations and self-efficacy as pathways in thatr@hship between the web-based weight loss
program/cash incentives, healthy eating, physic@idy and weight change among employees
enrolled in the weight loss study.

Methods: A total of 1004 overweight employees frbmcommunity colleges in North
Carolina were randomly assigned to one of thresrwentions: WC only, WC +Web-based
Weight Loss Program (WC+WEB), or WC + Web-basedghieLoss Program + Incentives
(WC+WHPI). Descriptive statistics were summarizedRE-AIM measures-Reach, Adoption
and Implementation of WC. To examine the Effeciass, the interactions between WC and the
individual level interventions as well as their maifects on changes in individual’'s weight (or
healthy eating) were estimated using a 2-levelatrical linear model. A structural equation

model analysis was used to test the proposed noesliam the path to weight change for Paper 2.
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Results: Paper 1 found that 62% of participantsnteg that they used the food services
on campus thus were reachable by the WC. All caepadopted at least one component of the
WC to provide access and highlight healthy foodfe out of 17 community colleges (53%)
placed WC stickers at cafeteria and/or vending mm&shover a 12-month period; 32.5% -48%
of the employees reported that they purchased iteithshe WC logo. Moreover, placing WC
stickers at the cafeteria or vending machines Boagmtly enhanced the effects of the WPI on
weight loss at the 12-month follow-up. Paper 2eded that the relationship between WC+WPI
intervention and weight loss was mediated by autame motivation to participate in a weight
loss program; as was the relationship between t6eWPI intervention and total calories.

Conclusions: This dissertation provides insightdiow to maximize the intervention

effects on weight loss.
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CHAPTER 1: INTRODUCTION

1.1. Overview

Obesity, as a major public health problem in théé¢hStates, poses a huge burden of
harm and cost to both individuals and the healtk sgstem. The latest prevalence and trends in
obesity data from the National Health and Nutrittbramination Survey (NHANES), reported
by Flegal et al., show that in 2009-2010, 68.8%JSfadults were overweight and obese
Annual U.S. medical costs attributable to obesig/estimated at $147 billion in 202.0This
dissertation work includes two papers focusinglengecondary data analysis to understand how
worksite-based interventions can help the overvieagd obese employees lose weight. The
WAY (Worksite Activities for You) to Health Studyag funded by the Centers for Disease
Control and Prevention (#DP00010) as a three graup-randomized intervention trial
designed to test three different types of suppmremployee weight loss at both organizational
and individual level: a minimal-intensity worksib&sed environmental intervention which
included point of purchase labeling for healthydsppromotion of healthy food items, and
increased access to healthier food options cdlledinner’s Circle Dining Program (i.e.,
“Winner’s Circle”, WC); and two promising employé&vel interventions (i.e., a web-based
weight loss program (WEB) and a web-based weigd fwogram plus cash incentives (WPI) in
a three group design: WC vs. WC+WEB vs. WC+WPI3I(€ 1). Paper 1 uses the data from
the WAY study to examine the public health impddhe WC, the environmental intervention;

Paper 2 examines the pathways explaining the iet¢ion effects of web-based weight loss



program and cash incentives on individual’'s weighhe WAY project provides a unique
opportunity to examine the mechanisms of multilaveight loss interventions among a group of
overweight and obese employees. The results pegsenPaper 1 and 2 will help us gain a
holistic, detailed and in-depth understanding efitiature of WAY interventions and how it

works.

Table 1. Intervention Arms and Components of WAY b Health Study

Intervention Arm
Intervention Component
wC WC+WEB WC+WPI
(N=375) (N=350) (N=279)
WC X X X
Web-based Weight loss Program X X
Cash Incentives X

1.2. Obesity as a major public health problem

Obesity has reached epidemic proportions in theéddribtates. In the past 40 years, the
percentage of adults age 20 to 74 who were ovehwaigd obese increased from 45.3% in
1960-1962 to 68.8% in 2009-201® The largest increases occurred in the 1998émilar
trends were observed among men and women. By Z026% of adults are predicted to be
overweight defined as body mass index (BMI) is tgethan or equal to 25 kgfrand 40.2%

obese (BMI is greater than or equal to30 Kg/mCompared to normal weight individuals, the



overweight/obese population has substantially emed mortality and morbidity of diabetes,
high blood pressure, asthma and other diseaseseoMVer, the obesity epidemic is associated
with elevated health care costs and productivibgés due to illness, disability and premature
mortality> * The obesity epidemic represents a major pulgladth problem. The Practical
Guide Identification, Evaluation, and TreatmenOsferweight and Obesity in Adufts
recommends that overweight and obese individualsldibe counseled about effective lifestyle
changes to prevent any further weight gain. Pdjulebased interventions are needed to stop

the obesity epidemic and help individuals with virtimanagemeht

1.3. Worksite as an important setting for contextuhstudy on obesity

At the midst of the rising health care cost attiulito obesity, increasing references have
been made to worksite wellness as an importarihgeitr health promotioh We focus on the
worksite-based weight loss interventions for semaa@sons. First, adults spend up to 60% of
their waking hours at wofkand it is possible to reach a significant proiporbf US adults at
work. Second, by intervening at the worksite amdidual level, there is significant potential
to improve individual employee weightThird, in aggregate, the cost of obesity amorf§. U
full-time employees is estimated to be $73.1 hillidrhis figure is roughly equivalent to the cost
of hiring an additional 1.8 million workers per yed the average annual wages of U.S. workers
of $42,008. A healthy weight workforce may result in improvieealth for individuals and
provide benefits to employers and society as a&fdt. Thus, an increasing number of
worksite-based interventions attempted to impréxeamployee’s healthy lifestyle and have
showed favorable effects on weight 353

Based on a review of policy and environmental irgations®, several approaches

provide the strongest evidence for promoting phatsactivity and nutrition at worksite:



comprehensive worksite approaches, including edutcatmployee and peer support for
physical activity, incentives, and access to esertacilities (N =5); the availability of nutritisu
foods (N = 33), point-of- purchase strategies (RB¥, and systematic officer reminders and
training of physicians to provide nutritional coetisg (N =4). The combined findings from 297
observational studies and 112 intervention stusliggest that availability and accessibility of
healthy and less-healthy foods are important fartnan behaviors and that worksites offer
opportunities to improve the availability of heaittoods’. Matson-Koffman suggested that
further research is needed to determine the lomg-&#fectiveness of policy and environmental
interventions with various populations and to idgrthe steps necessary to successfully
implement these types of interventibhsClearly, to develop the effective and sustaieabl
worksite interventions, we need to focus in a pcattvay on which pathways explain weight
change and what is required to address obesityeinvbrkplace. If we understand mechanisms
better, we can target interventions to influena@sémechanisms and improve the likely
effectiveness of the interventions.

A systematic review of worksite nutrition and phogiactivity interventions suggested
that more intensive modes of intervention appetodthve an increased program impact. For
example, offering multi-component programs (i.eagram combining both individual and
environmental interventions) appears more effedtram individual or environmental
intervention only, based on a recent review ofvtloeksite health promotion programs that
change the environment to increase healthy eatidd?#®. However, few study examines the

interaction between the environmental interveniod individual level intervention



1.4. Community colleges as worksites for addressiremployee obesity

Worksite organizations in the United States vargnemy ways including their size,
workforce, management style, compensation systathadministrative infrastructure. They
also vary in the extent to which they offer heatisurance and/or benefits to their employees.
Community colleges were the organizations chosendnducting this worksite-based study. In
the NC Community College System, there are 59 conmiyigolleges serving all 100 NC
counties It is the third largest community college systentha nation.

Using Finkelstein’s Obesity Cost Calculator, wareated that NC community colleges
incur annual obesity-attributable costs of aboutiion or $457 per employee system-wide
Based on formative research, Linnan et al learhatldystem and campus leadership were
interested in adapting and implementing innovadind cost-effective interventions to address
obesity®. Community college campuses represent a promigtting for promoting employee
health because: a) community college systems aatdd in all US states and offer a built-in
dissemination mechanism for effective health-relggegramming; b) wellness programming is
consistent with a lifelong learning mission thatnezounity colleges espouse; c¢) there was both a
supportive environment and infrastructure in thenownity colleges, as well as opportunities
for intervening at multiple levels and dissemingtihese programs system-wide, if proven
effective.

Moreover, in an extensive review of worksite obesttidies, we found no reports of the
multilevel multi-component weight loss study ordies examining mechanisms of overweight
or obesity within a university or community colleggstem. Identifying organizational and

individual-level intervention components that irdfhce employee weight change using a cluster



probability sample of employees at community cakeaq North Carolina can help fill the

important research gap.

1.5. Overview of WAY to Health Study

In the WAY to Health study, 17 community collegesrevenrolled and randomly
assigned to one of three intervention groups: Wis@zrcle Dining Program (WC) Only, WC +
Web-based Weight Loss Program (WC+WEB), or WC + Wekash Incentives (WC+WPI)
(Table 1). WC was offered as usual care in the Wsf0dy. Thus, we did not expect any
independent effects of WC on employee’s diet aniglteluring the 12 months. WC was
designed to identify and promote healthy food apjdo educate consumers about the benefits
of choosing healthy foods and to increase accelssalthy foods in cafeteria and vending
facilities. A 4-hour face-to-face training, tworderence calls and one mini-training/booster
session about how to adopt and implement the Ws@arcle were provided to campus
representatives from all three intervention groaipa study kick-off event. Implementation of
WC included placement of WC stickers on foods that specific dietary criteria in vending
machines or in the cafeteria and additional WCvégt{e.g., the use of signs, posters, or
pamphlets on the program, or specials or promayiolmsPaper 1, we will first describe reach,
adoption, and implementation of the WC using theA/RH constructs. Then, we will apply a
hierarchical linear model to understand the effe€d/C on the employee healthy eating and
weight change over time, net of the effects ofitidkevidual level interventions (i.e., web-based
program and cash incentives) as well as the inierecbetween the individual level
interventions and WC implementation.

The web-based weight loss program (WEB) offeresvB8ks of nutrition, exercise, and

weight loss tips, as well as interactive messagedsoand participant surveys to all enrolled,



overweight employees. More details and the themaidinkages for specific intervention
components of the web-based intervention are suimethin section 2.2. Figures 1-5 are screen
shots from the web-based intervention. The tmtdrivention group WPI offered cash incentives

for those who lost weight (compared to baselinggivgiin addition to the WC and WEB (Table

2). In Paper 2, we will use the multilevel strueuequation model to examine the pathways

through which the WC+WEB and WC+WPI were delivet@@mployees and their potential

influence on employee weight change.

Table 2. Cash Incentives for Weight Loss Payout Clnia

Time Intervention Arm
wC WC+WEB | WC+WPI
$5 for $5 for $5 for attending weigh in+ $5 for every 1% weight

3 Months attending| attending loss compared with baseline weight (Max 10% or
weigh in | weigh in $50 for weight loss per follow-up visit)
$10 for | $10 for $10 for attending weigh in+ $5 for every 1%

6 Months attending| attending weight loss compared with baseline weight (Max
weigh in | weigh in 10% or $50 for weight loss per follow-up visit)
$20 for | $20 for $20 for attending weigh in+ $5 for every 1%

12 Months | attending| attending weight loss compared with baseline weight (Max
weigh in | weigh in 10% or $50 for weight loss per follow-up visit)

Note: The highest amount a participant could ea$8b for WC and WC+WEB groups. The highest amaunt
participant could earn is $185 for WC+WPI group.



WAY o HEALTH
NOTEBOOK

Perserverance is not a long race; it is
many short races one after another. -
Walter Elliott

Tip of the Week Link of the Week Paoll of the Week
Don't buy the candy you are going to Visit these sites for suggestions on Coming soon!
give out for Halloween until that day. If how to make your Halloween a healthy

you have it in the house earlier, you onel

may be tempted to eat it When youdo  Halloween Safety
buy the candy, get something you dont  Healthy Goodies
like to reduce the temptation of eating it!

You can also hand out non-food items

to your trick-or-treaters such as

stickers, crayons, or colored pencils

This will help keep you healthy and help

promaote healthy eating habits in our

youthl

Figure 1. Screen shot of homepage

Lessons
TIP THE CALORIE BALANCE
CHECK IN ' 00LS

Last week we asked you to bagin wrting down everything you ate and drank. How did it go?'

1. | wrote down everything | ate and drank in my Keeping Track book
2. | did not write down what | ate and drank

WHATIS ENERGY BALANCE?

Your body weight is a result of a balance between the
calories you take in and the calones you bum. Calones
measure the energy in the foods and drinks we consume
This energy must be used up or is stored as fat.

+ If you take in more calories than you burn. your body
stores this extra energy and you gain weight.

* |f you take in fewer calones than you bumn. your body
uses up some of the stored energy and you lose
weight.

* If you take in the same amount of calories as you
burn, your weight stays the same (you maintain your
weight)

In order to lose weight. you must tip the energy balance so
that you bum more calones than you consume.

Figure 2. Screen shot of lessons




wAY = Hear NOTEBOOK

My Diary ¢ My Progress

My Diary

This diary automatically displays today's diary.
To select another day from this week, select from the left-hand dropdown below and click GO.
To select a day from last week, salect from the right-hand dropdown below and clhick GO

) This Week: October 24 O Last Week: October 17
Friday 10/28 |v| Go Monday 10/17 [ ] GD

Diary for:
Friday, October 28, 2005

Calories
Fat Grams

Physical Activity
Min Type
- Select Activity

Update Today's Data |

Figure 3. Screen shot of diary

wAY = Healr NOTEBOOK

My Diary : My Progress

Way to Health MESSAGE BOARD HTATEA NI S5GE
MESSAGES STARTEDBY  POSTS LAST POST
Welcame! sra:2005 Way;?a_;ealth 2 9/15/2005
Getting Started s/s2005 Jovful 0 8/15/2005
Diary asazo0s Ann 3 10/19/2005
Mativation asraao0s BEACHLOVER 2 10/20/2005
Keeping track! 172005 =] 3 10/18/2005
LESSON ONE o-a2005 SALLIMAE 4 10/26/2005
Starting fo-15/2003 trocks05 b 10/20/2005
Support fi242003 Gabriefla 2 10/25/2005
Low Cal Snack 1ovzaznas Happy Snappy 0 10/28/2005
Optimism fo282005 caro 1 10/28/2005

Figure 4. Screen shot of message board



wAY = Hear NOTEBOOK

My Diary ¢ My Progress E Messages

Links
STV |
A \
-
OHET PHYSICAL ACTIVITY OTHER RESOUURCES

Figure 5. Screen shot of links

1.6. Study Rationale
Multi-level/Complex Interventions

The worksite is a promising setting for health podion activities targeting nutrition and
physical activity (PA) to reduce body weight andijpanass index (BMI§ 12131 yet few
rigorous evaluations of complex multi-level workshliased weight loss interventions have been
attempted, and there is little information on the&chanisms or long-term health outcofhes
“Complex interventions” are health service intevems that often assess multiple components
within social context&. A complex intervention combines different comeots in a way that
the effects of the whole intervention are more tth@nsum of its part& The WAY study has
three intervention components (i.e., WC, WEB, amadICincentives). We hypothesized that the

WEB and Cash Incentives would complement each @éhgr, cash incentives for weight loss

10



alone is not adequate if we don’t provide them faglg support to lose weight through web-
based weight loss program). Hence it will be easieeach the intervention goal-help
employees lose weight. Studies to thoroughly eatalthe multi-faceted components of the
WAY interventions (WC, WEB & WPI) and examine thatipvays of the intervention effects
are needed.

1.6.1 Rationale for Paper 1

The recent and alarming increase in overweightibbase considered, in part,
consequences of environmental influences on pdpualaehaviot® ??*Organizational level
interventions can promote a supportive environni@nhealthy eating (including programs and
policies that increase access to high-fiber, lotafed low-calorie foods and appropriate portion
sizes), within defined areas, such as schools, siteik or health care facilities. These types of
interventions ensure that healthy choices can eeraad may enable and/or support people who
frequent those locations to adopt healthy eatifgiers®.

The RE-AIM (reach, effectiveness, adoption, implatagon, maintenance) health
promotion evaluation framework has been used ttuat@the multi-faceted components of
intervention&®. The framework has previously been used in sslidieveight management
intervention§’?and worksite contexd$®2 The benefits of using the RE-AIM framework are
that it enables complex settings based intervestisuch as those in worksite settings, to be
comprehensively evaluated. However, it has pripmdeen used in studies focused on changing
individual behaviors until recently King et al. entled the RE-AIM to evaluate the effects of
environmental change approactiesEven fewer have used RE-AIM to evaluate the wioek
based environmental interventions on health eatimgpesity. Given the importance of the built

environment in promoting health, using RE-AIM tafwate environmental approaches is

11



logica®. The long-range goal of this study is to imprdve evaluation of worksite-based
environmental interventions through the use ofkine constructs of the RE-AIM framework.

The results of two recent systematic reviews ofatfiectiveness of worksite nutrition and
physical activity programs to promote healthy weigmong employees show that most worksite
intervention studies combine informational and lvétral skills strategies to influence diet and
physical activity at the individual employee levigywer studies modify the work environment
(e.g., cafeteria, exercise facilities) to promagalthy choices or examine the relationship
between environmental support and employee welgmge® ** In a recent review of
worksite-based health promotion programs with &ilated outcome, a total of 16 studies were
included. Eight programs focused on employee educatiahifaa remainder targeted change to
the worksite environment, either alone or in comabon with education. The findings of this
review suggest that worksite health promotion protg are associated with moderate
improvement in fruit, vegetable and total fat irfakThe authors reported that the quality of
studies to date has frequently been sub-optimafamiger, well-designed studies are needed in
order to reliably determine effectiveness and effgetiveness. The authors also recommended
that future programs to improve employee dietatyitssshould move beyond individual
education and aim to intervene at multiple levélhe worksite environment. The WAY study
used the WC as the usual care, which providesguaropportunity to evaluate a worksite-based
environmental intervention in a natural experiment.

Moreover, worksite-based environmental or polidgimentions that promote physical
activity and nutrition often have design and/or swwament limitations. For example, some
studies do not adhere to either an experimentqlasi-experimental design with control

§5, 36

group , most studies rely solely on self-reported measoif health outcomes; and still
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other studies only provided information on implemagion of the program (e.g., whether healthy
food is available in the cafeteria) while lack artees documenting the amount of impact they
have on individual behavidf *”. Even fewer studié$ *have utilized a multilevel analytical
approach to distinguish the extent to which thecess in employee’s weight loss is due to an
environmental change at work or due to individuaflgcused interventions. Such evaluations
would be better done as a multilevel analysis divildual level behavior or weight change, in a
multilevel model such as Hierarchical Linear Mo¢LM) or Structural Equation Model which
is designed to analyze variables from differenels\simultaneously and properly includes the
various dependenci®s® In order to assess the effectiveness of WC dutie 12 months, we
will use a HLM to partition the variance of the dge in individual’s weight (or eating habits) at
a given time point (3, 6 or 12 months) into twotpamndividual and organization, that way we
can distinguish the extent to which the changempleyee’s weight (or eating habits) at certain
follow-up assessment is due to an environmentaigdat work or due to individually —focused
interventions. More research is needed to undeddtae processes by which organizational
changes may influence employee dietary change jqaiyactivity and (ultimately) weight loss.
In addition, we need to identify intervention pragr components that contribute to these
change$™.
1.6.2 Rationale for Paper 2

Another important gap in the literature is the latkhe rigorous studies to test theories
that link psychological factors (e.g., eating ahgcal activity self-efficacy, motivation) to
both eating and physical activity behavfGrand ultimately, to weight loss outconiés Energy
balance, which refers to the relation of the amadinitilizable energy taken into the body to

what is employed for internal work, external woskd the growth and repair of tissues, depends
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on eating and Physical activity and is crucialthiaving and maintain a healthy body wefght
However, few studies have examined the mechanigmeight loss intervention effects through
both eating and Physical activity and related pelaiical factors simultaneously. Moreover, in
a systematic review of interventions at the workpl# reduce the risks of CVWf)the authors
recommended that researchers summarizing the sedulteight loss trials should also report
lifestyle changes achieved in addition to body \Weithanges to gain better insight into the
mechanisms that lead to desired intervention ouésoisuch as weight loss. In the parent study
of this dissertation-WAY to Health study, the WEBJaWPI interventions of the demonstrated
statistically significant effects (compared with VE{®©ne) on participant’s weight at the 12-
month follow up as hypothesized. However, theeddhce in weight change between WEB and
WPI interventions was not statistically significantet the mechanisms through which the WEB
and WPI interventions worked remains unclear. ilféhis gap we will examine the
psychological factors associated with both headtlityng and physical activity as pathways to
help understand the relationship between the iddalilevel interventions (WEB & WPI),
behaviors (i.e., eating habits such as total aadoffat, fruit and vegetables intake, PA), and
weight change.

Self-efficacy for selected eating behaviors andsptat activity (i.e., an individual’s
confidence in his/her ability to overcome barriersnaintain healthy eating and Physical
activity) are believed to be critically importamwtr fexplaining healthy eating and Physical activity
4448 It has been suggested that psychological fastah as self-efficacy related to eating and
physical activity result in weight change by champeating and Physical activit{ In
particular, Social Cognitive Theof§ suggests that self-efficacy to lose weight caraenh the

process of behavior change and maintenance. Rastds theoretical underpinning, the WAY
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to Health web-based weight loss program was degigmancrease self-efficacy to adhere to
weight control behavioral practices such as a stahdalories-restricted diet of 1200 to 1500
kcal/d, increase physical activity over time to exg a minimum of 1050 kcal/week equivalent
to approximately 30 minutes of walking per day aetl-monitoring diet and exercise déily
Furthermore, according to self-determination th&bmotivation is a critical factor in
supporting sustained exercise/healthy eating, winictirn is associated with important health
outcomes. Accordingly, research on PA/eating natitn from the perspective of SDT has
grown considerably in recent ye@is'and can be applied to understand mechanisms ofjeha
in diet and physical activity interventiotls But previous reviews have been mostly narrative
and theoreticaf. Aiming to fill this research gap, this study ssenpirical data to examine the
relationships between motivation and healthy eafhgsical activity and weight loss. SDT
suggests that the lasting behavior change neceganaintenance depends not on controlled
motives (e.g., because other people insisted, cause you would feel guilty if you didn't) but
rather on autonomous motives (e.g., because thepipaly value weight loss and its health
benefits) (see more details in Chaptef.2Based on this theoretical underpinning, the \\ABB
WPI interventions are hypothesized to increase hatbnomous and controlled motives but only

autonomous motives are believed to lead to theipedehavioral change and weight loss.

1.7. Study Aims and Hypotheses

This dissertation involved a secondary analysisigitudinal data (baseline, 3, 6 and 12
months) collected from 1004 overweight and obespl@yses from 17 community colleges in
North Carolina that participated in the WAY studyridg 2005 and 2006. Using the group-
randomized study design, the primary study aimsheroriginal WAY study were to: a) use

formative research to develop/adapt assessmemgoistand interventions to address worksite-
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based weight loss and weight loss maintenancesb}he independent and combined effects of
the interventions (web-based weight loss prograthcaish incentives) on weight loss from
baseline to 12 month follow-up (primary outcome)ogug participating employees. One
thousands and four employees were enrolled fromohmunity colleges at baseline and
followed up at 3 months (retention rate=72%), 6 therfretention rate=70%) and 12 months
(retention rate=70%) post-baseline. As hypotheki¥¢C+WPI participants lost significantly
more weight than did participants in WC at all megasent points. WC+WEB participants lost
significantly more weight than did participantsWC at all measurement points as well except at
12 months- the weight loss difference did not restatistical significanc& Thus, two

employee level interventions (i.e., WC+WEB and WOM\fesulted in greater mean weight
losses than WC alone, although the effects of tharozational level intervention WC are
unknown because the group-randomized controllatiiras not designed to test this.

In this dissertation, we have two study aims:

1.7.1. Aim 1: Describe the reach, adoption, and inpmentation of the WC across all
campuses using mixed methods (e.g. environmentabss, campus contact and employee
surveys) and determine the effectiveness of WC (&xtt to which implementation of WC
explains change in healthy eating behaviors or weig change) among overweight/obese
employees over time (i.e., baseline, 3, 6 and 12 mtiws).

In Paper 1, the following research questions valbldressed (for RE-AIM key constructs
Reach, Adoption and Implementation, descriptivespresented without statistical tests or

hypotheses; for Effectiveness, a series of hypethase tested):
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¢ How many and what percentage of employees coukhpiatly be reached by the WC
program?

e To what extent did the implementation of Winnerisc{& moderate the effects of
individual-level weight loss intervention and irdloce individual's healthy eating and
weight change?

o Hypothesis 1: The enrolled (overweight/obese) eygaqarticipants will make
healthier food choices (i.e., lower fat intake, énwotal Kcal/week, higher
fruit/vegetable intake) in campuses with the plaeetof WC stickers compared
to campuses without the placement of WC sticketbaa8, 6, and 12-month
follow-up.

0 Hypothesis 2: The enrolled (overweight/obese) egg#qarticipants will lose
more weight in campuses with the placement of Wekats compared to
campuses without the placement of WC stickerseaaBil6, and 12-month follow-
up.

0 Hypothesis 3: The effects of individual level intentions (WEB&WPI) will vary
by the implementation of WC (i.e., the placement\ME stickers), such that the
effects of individual level interventions on heglémating will be stronger in
campuses with the placement of WC stickers comparedmpuses without the
placement of WC stickers at the 3, 6, and 12-méoitow-up.

0 Hypothesis 4: The effects of individual level intentions (WEB&WPI) will vary
by the implementation of WC (i.e., the placement\E stickers), such that the

effects of individual level interventions on weidbss will be stronger in
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campuses with the placement of WC stickers comparedmpuses without the

placement of WC stickers at the 3, 6, and 12-méoitow-up.

e To what extent is the Winner’s Circle program a@opand implemented at the
organizational level including the presence of ediot and labelling, access to healthy
food, technical assistance the worksite staffadjlstrategies they use to promote the
Winner’s Circle program among employees and bartermplementing the Winner’'s
Circle program?

e To what extent is the Winner’s Circle program inménted at the individual level (e.g.,
awareness and satisfaction with the Winner’s Cipctegram)?

Paper 1 Analytic Strategy:Four of five dimensions of the RE-AIM framework naim

“Reach”, “Effectiveness”, “Adoption” and “Implemeatton” were used to evaluate the WC
offered in the WAY to Health study. A 2-level Haechical Linear Model (HLM) allows us to
test the main effects and interaction of WC impletagon and individual level interventions on
changes in individual’'s weight (or healthy eatifgpe details in section 3.6).

1.7.2. Aim 2: Examine direct and indirect associatins between the intervention groups
(WC, WC+WEB and WC+WPI), motives, self-efficacy, halthy behaviors (i.e., eating, PA),
and weight change.

e Hypothesis 1: The participants that received tldévidual-level WAY interventions had
higher level of autonomous motives, controlled wedi physical activity self-efficacy
and/or healthy eating self-efficacy than those wium’'t at 3 months.

e Hypothesis 2: The participants with higher levehatonomous motives and/or physical
activity self-efficacy at 3 months had higher legéphysical activity (i.e. total physical

activity MET-minutes/week) at 6 months.
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e Hypothesis 3: The participants with higher levehafonomous motives and/or healthy
eating self-efficacy at 3 months had healthiemegliabits (i.e., total calories intake,
fruit/vegetable consumption and proportion of c@gintake from fat) at 6 months.

e Hypothesis 4: The participants with higher levephbifsical activity and/or healthier
eating habits at 6 months achieved greater weggstat 12 months.

e Hypothesis 5: The effects of WAY web-based weiglsslintervention on weight change
are mediated by autonomous motives, physical &gwelf-efficacy and/or healthy eating
self-efficacy.

Paper 2 Analytic Strategy:A multilevel structural equation modeling (MSEM)s used
to test the hypotheses for Paper 2 that the eftddfdAY web-based weight loss intervention on
weight change are partially explained by healthtingaand physical activity self-efficacy,
motivations to participate in a weight loss progréwalthy eating and Physical activity (see
details in section 3.6).

The conceptual model depicting hypothesized patbwayveight loss among employees
and organizations enrolled in the WAY to Healthdsthas been guided by theory (i.e., SCT,
SDT, Social Ecological Framework) and results fianr@vious weight loss literature (to be
explained in Chapter 2). Figure 6 illustrates hoMY to Health interventions (WC, WC+WEB
and WC+WPI) are hypothesized to influence empldyesdth outcomes.

These interventions are consistent with influencenuiltiple levels of the social ecologic
framework (SEF) (see details in section 2.1). $B&& is defined as a framework that considers
the nature of people’s interactions with their pbgbsand sociocultural environmeritsas
important influences on health and health behavidtsee WAY to Health interventions attempt

to make changes at organizational and individuedlte As SEF suggests multiple levels of
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influence on human behaviors, it is important terceme the barriers and/or enhance the
facilitators of change that occur at each of tHegels in order to maximize the effects of
intervention. The organizational level interventie the WC. As shown in the grey area in
Figure 6, WC features a minimal-intensity enviromtaé change program that included a 4-hour
face-to-face training of worksite representativag] voluntary participation in two conference
calls, one mini-training/booster session and aoldgi technical assistance (as requested)
throughout the 12- month intervention period. TH€ intervention was designed to increase
access to healthy foods in cafeteria and vendiagitfas and use point-of-purchase labeling to
identify healthy food options. These activitiesrevdesigned to increase awareness among
employees, create a supportive healthy eating @mvient and increase access to healthy food
options. Changes produced at the organizationailk@ite) level were believed to be able to
influence employee eating behaviors (e.g. incréaseand vegetable intake and decrease both
total calories and total calories from f&t)®* **®! These changes in the physical environment at
work were believed to help support individuals whight be trying to lose weight or maintain a
healthy weigh?®* But the research team did not hypothesizedwHatwould lead to weight
loss (e.g., in the power calculation, the WC oniy avas not estimated to produce weight loss).
At the individual level (as shown in the white bpXate’s evidence-based web-based
weight loss prograftt ®>®®was adapted for use in the workplace with and autitash
incentives for weight loss(incentives were onlyegivto participants who lost certain amount of
weight in the WC+WPI1 arm). The individual leveternventions were designed to increase
motivation to participate in weight loss prograreatlihy eating and physical activity self-
efficacy among participants. In turn, changes otivation and self-efficacy are believed to

influence positive change in employee healthy gatind PA, key target behaviors of the web-
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based weight loss progr&ti™. It is particularly important for us to test clggnin motivation or
self-efficacy at 3 months lead to diet/PA changé atonths then leads to weight change at 12
months to establish the temporality because otlserwe are not sure which one changes which
one. For example, it could be improved diet insesbone's self-confidence in maintaining
healthy diet. Ultimately, healthy eating and imyed physical activity are hypothesized to help
overweight/obese employees enrolled in the WAY éalith weight loss study to lose
weight?and has the potential to improve other employeétheatcomes such as reduced risk of
cardiovascular disease, improved mental healttmaomt!®. Campus size, existence of an
Employee Wellness Committee (EWC), gender, racgca&tbn, and income are examples of
covariates at the organizational and employee $ev€hapter 2 provides more details on the

rationale for each covariate and pathway/hypothafsiisis study.
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1.8. Significance of the Study

1.8.1 Significance of Paper 1

A striking paucity in the worksite-based weightdantervention literature is the role that
the worksite environment plays in influencing enygle health behaviors. For this reason, a
comprehensive evaluation of the environmental chanigrvention (e.g. Winners Circle Dining
Program) on individual employee eating behaviodwaight change using RE-AIM framework
is warranted. This examination (Paper 1) is egplgairucial when studying worksite-based
health promotion programs with an environmentahgeacomponent but is unable to use a
Randomized Control Trial (RCT) to test the effeetiess of organizational change. Empirically
testing the effects of the environmental changéallibw us to understand whether the programs
work and gain worksite policy and environmentalsangts to implement these programs for
employee wellness. The WC was made availabld fmadicipating community colleges,
including those who received WEB and WPI. The Wiy@rm served as the “usual care” arm
of the study. Given the nature of the WC interni@mtinvestigators did not expect WC to
produce any effect on weight loss (primary outcome 12-month period, however, it remains
important to test the potential effects. This selayy data analysis will assess the reach,
adoption, implementation and effectiveness of Woih the primary (weight loss) and
secondary (diet) outcomes using all available lutnal data (baseline, 3, 6 and 12 months),
mixed methods (e.g. environmental scans, campuscioand employee surveys) and multilevel
models. RCTs are the most rigorous way to evalineteffectiveness of intervention
However, because of their multifaceted nature apkddence on social context (e.g., social
norms, social environments, policies), complexrirgations pose methodological challenges

with regard to monitoring and assessing the effétte intervention, especially when RCT is
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not an optioff. For example, in our study, WC has been delivésedl 17 community colleges
as a usual care intervention. The group-randontpeattolled trial in the original WAY study
was designed to test the effects of WEB and Wlerahan WC. The fact that all campuses
have received WC creates a natural experimentawtbnrandomized design for evaluation of
the WC. Although comprehensive evaluation plam$IGT are available to practitioners,
frameworks for developing a comprehensive evaluadto interventions like WC with a
nonrandomized design are less comfo®ur work will add to the literature not only
substantive knowledge of the environmental intetio@ais but also an important methodological
development to integrate longitudinal analysis (baseline, 3, 6 and 12 months follow-ups),
process (e.g., implementation of WC at organizatitevel) and outcome data (i.e., employee
healthy eating behaviors and weight change) touat@lan environmental change intervention
with nonrandomized design.
1.8.2 Significance of Paper 2

In Paper 2, not only we examined changes in matinatto participate in a weight loss
program, physical activity and healthy eating sdfieacy attributable to the intervention, but
also we determined the extent to which these clsapgelict the amount of physical activity and
healthy eating that occurs, which is expectedad ke the primary health outcome of weight
change. In the original WAY to Health proposaljastigators included an aim to explore
mediators of weight loss following Baron and Kerlagtep approach. While this was the best
approach to understand mediators at the time thygogal was submitted (2003), there are now
more advanced methodological approaches to mediatialysis that can establish the existence

of complex causal relationships among these va#abl* As a result, this dissertation work

24



will provide an independent and important contribito our understanding the mechanisms of

weight change with most advanced methodologiedahlai
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CHAPTER 2: LITERATURE REVIEW AND THEORY

2.1. An Ecological Perspective

Environmental determinants of employee healthlifies that curb the prevalence of
obesity are drawing growing attention in the litara® 3% ¢ >The Social Ecological
Framework (SEF) provides a helpful conceptual fraor& in which individual behavior such as
obesity is believed to be influenced by factorthatintrapersonal, interpersonal, organizational,
community/society and policy levéfgTable 3). Our work will examine the organizagbtevel
factor that provides supportive environment forltigaeating and weight loss among employees
(i.e., WC) as well as the psychological and behavVitactors at the intrapersonal levels (i.e.,

motivation, self-efficacy, diet and PA) delivereid the WEB and WPI interventions.

Table 3. Social Ecological Framework of the Determants of Employee Obesity

Level of

Intervention Target Variable of Interest
Influence

Psychological (self-care, body image, nutrition
needs exercise requirements, motivations,
intention, beliefs, self-efficacy, attitudes,
Intrapersonal Employee knowledge of maintaining healthy weight);
Biologic (health status, genetic predisposition);
Behavioral (food choices or purchases, dietary
intake, PA)

Social support; social networks; (family,

coworkers, friends) communication patterns;
Interpersonal Family, coworkers, friendspeer/family influence; norms; membership in
groups/departments and role; employee-supervisor
relationship; management support

Social norms; environmental conditions
Organizational Worksite (convenience and safety for exercise, access to
affordable healthy food), participatory
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Level of

Intervention Target Variable of Interest
Influence

organizational strategies; incentives; management
style; work design; corporate climate or culture;
site-specific rules/policies

Local, state, regional,
Community/socie| national, international
ty worksite and larger
community

Relationships between/among national,
international worksite and larger community
related to economic, political, or social factors

Government laws or
standards at local, state,
national, and international
levels

Legislative and/or regulatory approaches at local
state, national, and international levels (exphbcit
implicit; intentional or unintentional)

Policy

Note. Adapted from Linnan,L.A. (200%)

Behavioral research in obesity has typically focuge identifying and modifying
individual determinanfd. This approach has been criticized becausedeplandue emphasis
on the individual and fails to consider the conteithin which health behavior takes plate
Most worksite intervention studies attempted tduiefice employee’s diet and physical activity
by using informational and behavioral skills stgas, while fewer studies have attempted to
improve the work environment or policies to promiegalthy behaviors and help employees lose
weight? 3* 3839 For example, Anderson and his colleagues (26898¢wed the literature on
worksite health promotion programs that includedtsgies involving diet, PA, or both. Of 47
studies in the analysis, 32 studies (69%) had imbtnmational and behavioral skills program

components; among these, only f§i included an environmental or policy comporiént
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Table 4. Summary of the Worksite-based Weight LosStudies with Informational, Behavioral Skills and
Environmental/Policy Program Components

Intensity
11
. contact; | Pounds (mo
S;lrjlgy N Study Study O((\);e)r\(/)vtef:g:lt Intervention 2: 2-5; f/u) ?r:\:leirslne:(rzt{g;) Attrition
Purpose Design i Components 3:>5 Intervention (%)
country risks (%) . vs. Control
(duratio | Vs. Control
nin
week)
A seminar for 4 days at a
hot springs resort to help
participants reduce
. . excessive weight, blood
Muto . RCTs with | Overweight pressure, cholesterol; selft . .
CVDrrisk | untreated | (65%) CVD . i -3.75 (6mo); -| -0.5(6mo); -
(2001) 326 . X . evaluation of the goals 2(4) 7
) reduction | comparison| risk (% not ; ' 3.31(18mo) | 0.5(18mo)
Japan rou reported) comments or advice on the
group self-evaluation by the
participant’s supervisor
and also by his spouse or
family member.
32 sites Group
Jeffery gg%o— Weight RCTs with 8\25%;\9’6('%% Health education classes Not
(1993) emolo Iossg untreated risk (00/ not combined with a payroll- | 3 (96) -0.1 (24 mo) reported
u.s. eespegch comparison| ortg d) based incentive system. P
. group P
site)
Weight ;gf:;semth Organizational behavior
Abrams loss (A) treatment | Overweight 21;) dﬂggﬁ?:};ﬁ?&%es d Arm A -9,
(1983) 133 plus arms (no (% not small-aroun behavior- 3(10) Arm B -3.3 (6 82
fy.s. maintenan| untreated | reported) h group q ¢ mo)
ce (B) comparison therapy procedures for

)

weight control.
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Intensity

11
. contact; | Pounds (mo
Satllrjlgy N Study Study Cz(\);e)r\;vter:g:]t Intervention 2: 2-5; f/u) ?r']\{grgggt{é? Attrition
Purpose Design i 0 Components 3:>5 Intervention (%)
country risks (%) . vs. Control
(duratio | Vs. Control
nin
week)
Site 1 offered screening
only, with referral S
recommendations for thoge Hr'gﬂ risk
found to have CVD risks. gite E +31
4 sites Group Site 2 also provided health Site 2 +0'6
. education information and . .
Erfurt 5350000_ ;g;semth Overweight | classes. Site 3 added 2::2 i 4113
(1991)%° | employ Health treatment (30%) CVD | routine follow-up 2(144) Overweiéht Not
Promotion risk counseling and a menu of reported
U.S. ees arms (no (18 — 45%) intervention types, and group
each untreated Site 4 added Iant’ Site 1 +4.2
site) control) e # added p Site2-2.4
organization procedures tp Site 3 5.0
develop social support for . s
both risk reduction and a';e) 4-64(8

health improvement effort
within the plant.

Uy

Note. Adapted from Anderson et al. (2009)




Even though these previous studies have made gyetitbutions to worksite-based
complex interventions for weight control, they guéd from limitations such as small sample
sizé® # small number of participating worksit&$? shorter duratioff, costly interventioff as
well as worksite as the unit of analysis compathmgmean weight across worksites instead of
individual’s weight® # Many of these studies were conducted at ledstade ago and used
the statistical techniques (e.g., t-test, ANOVAgttfail to tease apart differences between
individuals within worksites and differences in aniggational characteristics between sites
contribute to variance in individual’'s weight. Noof them assessed the independent effects of
organizational level intervention components nehefeffects of the individual level
interventions or the interaction between the org@tmonal level and individual level
interventions. Moreover, we are not aware of daanglies that examined a minimal-intensity
worksite dinning program like WC to increase awasmnand access to healthy food options in
cafeteria and vending facilities among communityeges. The Community Guitfeindicated
that because the majority of programs used belayioformational strategies plus
environmental or policy component, it was diffictdtcontrast program components with respect
to effectiveness. Questions remain about the effieemployee weight status related to reach,
effectiveness, adoption, implementation and maantea of environmental change (e.g.,
providing easy access to affordable, healthy foodsyodifying the physical environment to
encourage physical activity). This study will filis important research gap.

Secondly, new methodological developments in nayél analysis and structural
equation modeling enable us to tackled the commste picture and simultaneously test

whether weight loss interventions modify thesevidiial determinants to influence diet and
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physical activity, and whether these influencesd@findividual’'s weight. To fill the gap of
addressing multilevel influences on employee opesinceptualized within the social ecological
framework, the Social Cognitive Theory (SCfand classic economic theory were used to guide
the development of the WAY interventions (WEB an&N\that target determinants of

employee obesity at both individual and organizetldevels (see details in the following

section 2.4). The SCT theory, which has been agpb a wide range of health behaviors

including diet and P& 44 84-88

assumes reciprocal determinism in which indivicural
organizational level influences are dynamicallkéd and can help explain mechanisms of
changes in PA, healthy eating and weight.

The “Law of Supply” states that as the benefit assed with supplying a
product/service increases more of that productisemwill be supplietf. Grounded in classic
economic theory, financial incentives sewing toéase the benefits of weight loss/weight
maintenance should produce greater weight loss.a&rording to the final results of WAY
project, adding the financial incentives (WPI) digsroduce statistically significant differences
in weight loss compared with weight loss producedhe web-based weight loss program
(WEB). Financial incentives are widely used inltftehehavior interventions and are believed to
be associated with increased motivations. Howesgne researchers believed that providing a
financial incentive may undermine autonomous matwafor participating in a weight loss
program and instead lead to increases in contratietivatior’. The autonomous motivation is
found to be related to desirable behavioral outeaweording to SDF.On the other hand, to

the best of our knowledge, no empirical evidenggpsus that the financial incentives would

improve self-efficacy related to eating and/or PFherefore, we argue that the SCT and SDT
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theoretical perspective will be useful in explampotential influence of Winner’s Circle Dining
program on employee obesity as well as the medjatifects of eating self-efficacy/PA self-
efficacy on the relationship between WAY intervens and healthy eating/PA. A detailed
description of the theoretical framework is prowde the conceptual model (Figure 6) and the

following section 2.2 and 2.3.

2.2. Social Cognitive Theory

The WAY interventions are grounded in Social CagrifTheory (Table 5). The SCT
explains how people acquire and maintain certalrabieral patterns. The cognitive factors
outcome expectations, self-efficacy, and intentiaresimportant determinants of behavior
according to SCT8. An overarching concept of SCT is reciprocal tateism, which states a
constant interaction exists among the charactesisti a person, their behaviors, and their
environmenf®, Weight control among employees is dependentessamal characteristics such
as self-efficacy, and on external factors like titgafood availability. SCT encompasses
individual, behavioral and environmental influenoesweight loss and is therefore a fitting
theory for investigation of worksite-based weighgd interventions. In the context of worksite
weight loss intervention, outcome expectationslaonperationalized as pros and cons of weight
loss. Self-efficacy is often defined as the abildyesist eating in tempting situations or even in
the face of difficult situations; and intentiong drequently framed in terms of self-regulation,
motivation or readiness to lose weitfht™ ® Several studies have demonstrated that self-
efficacy and self-control of weight loss affectitteehaviof® . Individuals who report they
were relatively more motivated and more confiderthieir ability to lose weight are more likely

to achieve behavioral change and weight*foss
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According to the SCT, individuals gain informatiand cognitive skills from
observational learning and are likely to rememIvet l@peat the behaviors provided by a model
-learning directly from observation of models -iptersonal imitation or media sourées
Therefore, Tate et &f: °®°® *developed a Web-based Weight Loss Program (WERjegidy
the Social Cognitive Theory, which is a comprehesnsindividually focused, theory-driven,
self-directed weight loss program includes educati@havioral self-regulatory strategies,
continuing contact, prompting, and access to sacipport. Table 4 describes different features
of the WAY interventions that relates to aspectthefSCT. Tate (2011) found that the
feasibility and efficacy of Internet treatment pragns for overweight and obese people have
been demonstrated in a series of randomized*¥tialsitial studies examined various approaches
to Internet behavioral treatment. Other studiaselexamined delivery of group behavioral
counseling using Internet chat rooms, using theriat for long-term maintenance of weight
loss, and enhancing motivation in Internet prograifisese interventions have produced weight
loss of 4-7 kg over 6 months to 1 year when supygare-mail, automated messages, or chat
rooms is provided.

Individual behavior is influenced by a variefyoharacteristics related to the
individual, organization and environment such agsamorms, convenience and safety for
exercise, access to affordable healthy food, ppdiory organizational strategies, rules and
policies. The SCT construct “environment” can Bedito address the environmental change at
the organizational level that facilitates weighgédpin our case, the WC. The WC activities

related to SCT are also included in Table 5.
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Table 5. Social Cognitive Theory Constructs Guidig the WAY to Health Intervention
Components — Winners Circle, Web-based Program an@ash Incentives

Construct

Definition

WAY Intervention Activities

WAY Intervention
Component

Environment

Factors physically
external to a persor

Increase availability and accessibility
of healthy foods option at worksite;
sustainable changes in foodservice

Winner's Circle;
Cash Incentives

Behavioral
Capacity

Knowledge and
skill to perform a

Lessons with participatory activities
including skill development for
preparing fruits and vegetables;
tailored, reinforced messages;
repeated multimedia approach

Web-based program
(lessons)

given behavior

Logo for point-of-purchase labeling
to identify healthy food option and

educate employees about the benefit

of choosing healthy foods

\SNinner's Circle

Expectations

Multiple, repeated messages; use of

recognizable or relatable role models(lessons, message board)

Web-based program

Anticipated
outcomes of a

Regulated use of exterior incentives
for weight loss

Incentives

behavior

Logo for point-of-purchase labeling
to identify healthy food option and

educate employees about the benefit

of choosing healthy foods

\SNinner's Circle

Expectancies

Values placed on a
given outcome

Discussion on the message board of
social impact; Use of recognizable @
relatable role models; focused
messages highlighting fruit and
vegetable benefits and alleviating
concerns regarding peer acceptanc

=

1Y%

Web-based program
(lessons, message board)

Logo for point-of-purchase labeling
to identify healthy food option and

educate employees about the benefjts

of choosing healthy foods

Winner's Circle

Self-Control

Self-regulation of a
behavior

Goal-setting; monitoring using food
diaries; feedback; Role-playing;
Problem-solving activities

Web-based program
(diary, lessons, dynamig
Behavioral

Focusing and Goal
Setting activities, a
graph or

chart of weight change
over time, downloadable
self-monitoring form)
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WAY Intervention

Construct Definition WAY Intervention Activities Component
Logo for point-of-purchase labeling
to identify healthy food option and Winner's Circle
educate employees about the benefjts
of choosing healthy foods
Behavioral Use of credible, recognizable or
Observational | acquisition by relatable role m’odelsg Particivator Web-based program
Learning observing outcomes kil devel I, patory (message board)
of others’ skill development activities
Web-based program
(diary, dynamic
Behavioral
Emotional Strategies used to o . i Focusing and Goal
Coping manage emotional I\/IIon'ltor.n:Dg 8;)Ifeedba|cl'<, Role. . Setting activities, a
Responses stimuli playing; Problem-solving activities graph or

chart of weight change
over time, downloadablé
self-monitoring form)

Reinforcement

Responses to
behavior that will
increase or decreas
likelihood of
behavior’'s
occurrence

Monitoring & feedback; Encourage
eself-initiated rewards and incentives

Web-based program
(diary, dynamic
Behavioral

Focusing and Goal
Setting activities, a
graph or

chart of weight change

self-monitoring form)

over time, downloadable¢

174

Regulated use of exterior incentives
for weight loss

Incentives

Self-efficacy

Confidence in the
ability to perform
the behavior

Clear, targeted messages; Role-
playing; Enhancing preparation skill
Use of recognizable or relatable role
models; Approach behavior change
small steps to

ensure success

Web-based program
(lessons, diary, dynamic
Behavioral

sFocusing and Goal
Setting activities, a
igraph or

chart of weight change
over time, downloadablé
self-monitoring form,
message board)

Note. Adapted from Glanz, et al (2082)
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2.3. Self-Determination Theory

SDT suggests that the lasting behavior change sacefor maintenance depends not on
complying with demands for change but rather orepting the regulation for change as one's
owr®. In other words, it requires internalizing valeesl regulation of relevant behaviors and
then integrating them with one's sense of selhegy tan become the basis for autonomous
regulation. Thus, according to the theory, sudoésgeight loss and long-term maintenance
would not result from dieting if the reasons foetitig were controlling. Such controlling
reasons indicate that the perceived locus of caysslexternal, that the individual has not
personally endorsed the behaviors and developedare willingness to do them. Instead,
successful, maintained weight loss is theorize@saolt from people's dieting because they
personally value weight loss and its health besi&fiteople's behavior change will be
maintained, the theory asserts, when the reasomefion are truly their own, when people are
acting with autonomous motivs Financial incentives are widely used in heatthdwior
interventions. However, SDT posits that emphagifimancial incentives can have negative
consequences if experienced as controlling. Fgelamtrolled into performing a behavior tends
to reduce enjoyment and undermine maintenancefaftarcial contingencies are removed (the
undermining effectj®. In line with these proposed relationships, is tlissertation, we

hypothesized that self-determined motivation wqddially mediate the relationship between

WAY interventions and healthy behaviors/weight.
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2.4. Evaluating the Impact of Winner’s Circle UsingRE-AIM Framework

2.4.a. RE-AIM Framework

Worksite health promotion program evaluations tgfjcfocus on short-term individual
behavior change with little attention to interventimplementation or maintenarite However,
complex interventions also require process and ain@aaluations to understand participation of
organizations and individuals, intervention impleragion, and long-term effects on institutions
or individual§®.

The RE-AIM framework is useful for evaluating a gram’s overall public health
impact. A central tenet is that the ultimate intpafcan intervention is due to its combined
effects on 5 evaluative dimensiéfhis® (1) reach, the percentage and representativeriess
individuals participate in the intervention; (2jesftiveness, the impact of the intervention on
targeted outcomes; (3) adoption, the representasseof settings and intervention staff who
agree to deliver a program; (4) implementation,desistency and skill with which program
components are delivered by intervention staff; @)dnaintenance, the extent to which
individuals maintain behavior change and orgamiretisustain program delivery over tithe
Researchers have used RE-AIM to evaluate healthgtion programs in worksité 3 32
hospitaf™ * schoot?®*%2 and community settind® and have found that factors beyond efficacy
can affect overall program impact. RE-AIM can aigoused to compare across intervenffons
One of its strengths is the validity and applicépibf each domain across different research
guestions and settings. Specifically, to addressbcial and institutional context of eating and
exercise behaviors related to weight control, theains of RE-AIM help to thoroughly

understand the public health impact of weight aantiterventions and are widely used in
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weight management prograffis® 3 1% The RE-AIM framework has also been recommended
for evaluation of environmental approaches andcpalhange to enhance population héditf>
In this dissertation, we applied four dimension&®&-AIM (Maintenance was not assessed due
to the lack of the long-term data) to the evaluabbthe worksite-based environmental
intervention (i.e., Winner’s Circle) through thepdipation of RE-AIM framework.
2.4.b. Reach of Winner's Circle

Reach refers to participation rate within the pagioh of interest, and characteristics of
participants and nonparticiparts The basic premise underlying workplace healtmation
interventions may not bring into effect if the intentions do not reach the targeted populations.
Employed adults spend approximately half of theaking hours at work, but the workplace may
not be a major source of influence on weight stafttsus, even if changes in the worksite
environment, such as improved food choices, areeprtae proportion of the employee
population affected by these changes should berc@nsideration when evaluating the
potential public health impact of such progratfisBecause Winner's Circle Dining program is
implemented at the worksite cafeteria and vendiaghines, the reach of Winner’s Circle is
determined by the proportion of the employee papriavho utilize the food services (i.e.,
cafeteria and vending machines) at the workplacéurther investigation on the reasons why
some employees didn'’t utilize the food servicesatkplace as well as a comparison of
characteristics of those who utilized the food sy with those who didn’t provides insights on
increasing the employee’s utilization of the foedvices at workplace to maximize the effects of

Winner’s Circle Dinning program.
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2.4.c. Adoption and Implementation of Winner’s Circle

Adoption operates at the systems level and redettset community college acceptance of
the intervention within the organization. Implertegion refers to intervention integrity, or
guality and consistency of intervention delivery.

A 4-hour face-to-face training session was praditterepresentatives from each campus
(HR and/or food service personnel) at the studig-kii€ event, prior to randomization by project
staff. The training agenda included a review eflrstory of WC (“The Winner's Circle Dining
Progran™™ as a menu labeling and social marketing initiatiegeloped by NC Prevention
Partners (NCPP) that promotes healthy food in dieistablishments:®"; nutrition analysis
activity to identify menu items that meet the WirniaeCircle Health eating nutrition criteria; and
developing an action plan consisted of 4 majorssteptablishing a team, nutrition analysis,
labeling and promotion. After the training, twanéerence calls and one mini-training/booster
session were offered to all 17 campuses, regardfaaservention arm assignment. Additional
technical assistance was available to campusesghoait the 12-month intervention period.
See Section 3.3.a for more details on how WC pragras implemented including training,
follow-up calls and booster sessions.

Winner’s Circle uses a logo (Figure 7) for pointpafrchase labeling to identify healthy
food option in participating venues. Food itemss glaced into one of four categories: meals,
single items/side dishes, snacks, and beveradas pdrticipating cafeteria and vending facilities
are encouraged to offer and label the food optibasmeet the WC program healthy eating
nutrition criteria (Table 6). Food items that mtwet criteria for each category receive Winner’s

Circle designation and are identified with a purgtier and gold fork logo, which can be placed
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on menus, menu boards, directly on pre-packagetsjtanside vending machines, or on lists
attached to vending machines or display cases.

Participating campuses were encouraged to disptaypqional materials for the
program, including descriptions of how an item dfied for Winner’s Circle. An important
component of WC program was placement of WC stgk&ducation/labeling and encouraging

increased access to healthy food options were aatois the WC program targeted at the

Z

organizational level (see Section 3.5.a.4 for theasurement).

A Healthy Dining
Establishment

WINNER'S CIRCLE

Where Nutritious Meets Delicious

Figure 7. Winner’s Circle logo and labeling
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Table 6. WC Health Eating Nutrition Criteria *°®

Meals

PO WN R —

. Minimum of 2 servings of fruits/vegetables AND
. Minimum of 1 serving of grains or beans OR

. Minimum of 245 mg calcium AND

. Maximum of 30% calories from fat AND

. Max 1500 mg of sodium per meal

. Sides/single items

1. Minimum of 1 serving of grains or beans OR

2. Minimum of 1 serving of fruits/vegetables OR

3. Minimum of 245 mg of calcium AND

4. Must have max of 30% of calories from fat AND mawim of 1000 mg of sodium
lii. Beverages

1. Water/flavored water with less than 50 calories®er. serving OR

2. Skim/1% milk OR

3. At least 50% juice and <12 oz. serving OR

4. Sports drinks <100 calories and <12 oz serving OR

5. No added herbal supplements

iv. Snacks

1. Less than 30% fat AND

2. Less than 480 mg sodium AND

3. No more than 35% sugar weight OR

4. Dairy snacks: 4 oz servings must have at leastii@@alcium, 6 oz servings at least 150 mg

calcium, 8 oz at least 245 mg calcium

Notes: Winner’s Circle Healthy Eating and Winne€iscle healthy Dining Programs are property of NC

Prevention Partners. For more information on howring either program to your state, school, bessror to have
your foods qualified for the preferred list, govtavw.winnerscirclehealthydining.com

2.4.d. Effectiveness of Winner's Circle

Effectiveness measures pertain to the impact ointieevention strategies (i.e., WC) on

impact and outcome objectives (e.g., healthy eamyweight loss). The worksite physical and

social environment can influence individual empleyeod choice¥. If worksites remove

unhealthy foods/beverages and promote healthy foedsrages at vending machines and

cafeterias, employees will have less access tofaigioods/sugary beverages while at work.

Providing less access to these foods is likelythice consumption of these foddVorksite-
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based nutrition programs targeting vending machimesfeteriak" *® ***found generally
positive dietary outcome, suggesting availabilityrealthy foods/beverage influences
employee’s diét

However, the studies of the effects of environmientarventions on individual’'s weight
do not always yield consistent results. In a medimponent group-randomized worksite
environmental intervention trial by Linde et al0(2) focused on weight gain prevention,
environmental components focused on food avaitgtaind price, physical activity promotion,
scale access, and media enhancements. A majbittieosention components were
successfully implemented. However, there wereiffierdnces between sites in the key outcome
of weight change over the two-year study pefiddThe results raised questions about whether
environmental change at worksites is sufficientvieight gain prevention. Although evidence
suggests that health promotion programs of allkindvorksites are beneficial, it may be asking
too much to expect such programs to have a spafféct on health outcomes like weight
change. Recent reviews and commentaries on thehdé environmental changes are the key to
rising obesity rates increasingly recognize thatleraspects of environment alone (e.qg.,
proximity of unhealthy foods) are not universalgsaciated with individual obestfy This
finding does not negate the premise that the enmenmtal change plays an important role in
individual obesity control. In consideration o$acial ecological framework, interventions may
need to consider simultaneous changes at mulgpkdd to promote change by combining
environmental actions with more intensive individdigtary and physical activity counseling or

incentivized individual approaches to worksite we#is, as changes to the workplace
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environment may be necessary but not sufficiecthBinge obesity-related health behaviors of
individualg® %

Based on these findings, we hypothesize that dahed.2-month study, the enrolled
(overweight/obese) employee participants at cangwdd high levels of Winners Circle (WC)
implementation will eat healthier and lose moreghethan overweight/obese employee
participants in the campuses with a lower levalui@ implementation. | further hypothesize
that the effects of individual level interventiocf WEB&WPI) will vary by the implementation of
WC (i.e., the placement of WC stickers), such thateffects of individual level interventions on
healthy eating/weight will be stronger in campuséh the placement of WC stickers compared
to campuses without the placement of WC sticketBaa8, 6, and 12-month follow-up.

2.4.e. Other Worksite Characteristics as Covariate

Other worksite characteristics such as worksite,glze presence of administrative
supports for wellness and/or an Employee Wellnesar@ittee (EWC) may also play a role in
controlling and maintaining a healthy weight amengployees by promoting a supportive
environment and offering resources to employeessuRs from a nationally representative,
cross-sectional telephone survey of worksite hgaibimotion programs showed that worksites
with more than 750 employees consistently offer@denprograms, policies, and services than
did smaller worksite8®. Moreover, worksites with a wellness committggoréed a greater
number of worksite health promotion programs thigtldose without either of these
administrative support¥. Forexample, the PACE projétta multilevel intervention to

promote activity and changes in eating that inalLerksite-wide events implemented in

partnership with EWCs which successfully achievieginges in the physical activity and
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nutrition information environments. If these typdgesources are offered by worksites in the
WAY to Health study, it might potentially confoutite effects of WC on employee weight loss
outcomes. Therefore, we will include key worksibaracteristics (i.e., worksite size, the
presence of administrative supports for wellnes€£&/C in place, budget for HPP and
availability of physical activity facilities on cgms) as potential covariates to assess the impact

of these variables on behaviors that contributeetmithy eating and weight change over time.

2.5. Increased Autonomous Motivation and Physical &ivity/Eating Self-efficacy as
Potential Mechanisms

2.5.a. Physical Activity and Healthy Eating

Both diet and physical activity are important ilm&wing and maintaining a healthy body
weight?. On the simplest level, obesity can arise onlgmhnergy intake exceeds energy
expenditure Low rates of non-basal components of energy expemgliincluding energy
expended in physical activity and the thermagefieceof food, are factors which influence
weight°.

Unhealthy dietary habits are associated with op€siy., each daily serving of a sugar-
sweetened beverage increases the odds of becotmisg by 1.6 time%¥) The American
Cancer Society recommends that individuals eatdimore servings of vegetables and fruits a
day for cancer preventi6h A recent systematic review shows that higheelewof fruits and
vegetables intake were weakly associated with vidogs among overweight or obese adults in
multi-component experimental studies that promsegeral behaviors to induce negative energy

balance, including increased fruits and vegetatdesumptioi>. However, there has been
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little improvement in consumption since the mid-@99 In 2007, only about one forth US adults
were eating the recommended servings of fruitsvagygtable¥’.

The American Cancer Society also recommends thdtsaehgage in at least 30 minutes
of moderate to vigorous physical activity, on Svore days of the we€k However, similar to
trends in nutrition, there has been little changkeisure-time physical activity during the 1990s.
About one-fourth of adults do not engage in angues-time physical activify. Compelling
evidence exists that increased physical activitiuces people's risk for obesity and improves
their quality of lifé®. Also, high levels of exercise may be necessarjohg-term maintenance
of weight los$*2 No consensus exists on the amount of physidifigchat are necessary to
maintain the weight loss. A systematic reviewhs association between physical activity and
weight gain including observational studies andloamized, controlled trials concluded that an
increase in energy expenditure from physical agtiof approximately 1,500 to 2,000 kcal/week
is associated with improved weight maintenafiteln particular, many unanswered questions
exist about the association of physical activitg areight loss. One study noted that a complex
relationship of food intake and body weight to theation of exercise exists; low-duration
exercise leads to slightly decreased food intakesreas increased length of exercise is
accompanied by an increased food intake and prieveot weight reductioht* **> In short-
term interventions, restriction of calories to Y&0Dhas a more pronounced effect on weight loss
than that of exercise alon€. However, an exercise program lasting 12 weellscansisting of
physical activity 5 day/week, with 30 minutes oflkiag/running, when added to the dietary
restrictions, helped to consolidate weight lossew@d by a calorie-restrictive diEf. For

males, exercise-related body weight loss and fagiwéoss are minimal (2.7% and 5%,
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respectively), and similarly, in females, body weignd fat weight loss are 2.6% and 4%,
respectivel§” >

Therefore, more investigation is needed to des¢fibéhe duel process of physical
activity/diet to reduce body weight, and, (2) theact of weight loss interventions on
psychological factors, PA, diet and weight lossic&@ssful weight management relies on at least
two health behaviors, eating and exercise. Howdiibe is known about their interaction on a
motivational and behavioral level. We will study @verweight employee population and
interventions designed to change the worksite enwent in community colleges. We will
examine the association between WAY interventiors@articipants’ physical activity and
healthy eating as well as how they relate to pgdrtts’ weight change simultaneously.
2.5.b. Self-efficacy Related to Physical Activitand Healthy Eating

As described in Lockwood (2010) the theoreticalarpthnings of potential mediators
must be clearly stated and supported by prior reeedlso, to be able to empirically test them,
the potential mediators have to be properly asdesSelf-efficacy related to PA, healthy eating
and motivation to participate in the weight losegram are the only ones that meet these criteria
given our data and intervention design. In theglterm, weight regain is a typical outcome of
weight loss interventiold Weight regain is related to complex interactibesveen
physiologic and psychosocial factdtswhich suggests a potential mediational relatignsh
between the intervention, psychosocial factorsvaeight. The most common theoretical
framework of the theory-based intervention stuéxesmining potential mediators in physical
activity include SCT and TTR. Mediators such as behavioral processes of chamgjself-

efficacy related to physical activity have receivled most consistent support for mediating the
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relationship between physical activity intervent@nd Physical activit§. Bandura (1997)
specifically cited self-efficacy—one's faith in dmability to maintain physical activity in the
face of challenges and setbacks—as a key to suiccesgular exercise. Numerous studies have
found self-efficacy to be physically active to esaciated with physical activity (for a review,
sed* 1 Moreover, self-efficacy related to physical gityi may mediate treatment effects on
physical activity'’. Fewer studies have examined self-efficacy aatlaway to explain healthy
eating behavidr' % 118119 Anderson-Bill et al (2011) found that improvesifsefficacy
increased F&V intake (beta(total) =. 20, P =.%82F% **! A recent review of the in nutrition
literatur€® reveals that a wide range of potential mediatoegpassible, such as self-efficacy
related to healthy eating, expectancies for lifpnovement from thinness, attitudes, accessibility
to healthy food options, internal and external deesmeal cessation. But few studies used
adequate statistical methods to test potential abedi. Researchers typically selected potential
mediators based on factors that the intervention designed to influence. Consistent with SCT,
the WAY web-based weight loss program was designéacrease self-efficacy related to
healthy eating and PA. Therefore, the goal of shisly is to test self-efficacy related to healthy
eating and physical activity as potential mediatorpathways to explain the intervention
effects.
2.5.c. Autonomous and Controlled Motivations

Motivation is a critical factor in supporting susiied exercise and healthy eating, which
are also associated with important health outcdmasding weight loss” *?#*?* SDT proposes
that motivation is multidimensional and residesigla continuum of self-determination ranging

from no motivation (i.e. when a person lacks thdivation to act) through controlled motivation
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(i.e. when a person acts in response to exterma)do autonomous motivation (i.e. when a
person acts for the inherent pleasure derived flahparticular activity>. The distinction
between autonomous and controlled motivation isulsed compliments a growing body of
evidence supporting SDT as a framework for undedstey motivational processes in physical
activity and healthy eating contexts. A cross4iseet nationwide survey of middle-aged women
showed that the relationships between autonomouisation and BMI as well as controlled
motivation and BMI were partially mediated by tipesific food and eating habtfs,

Accordingly, research on exercise motivation frdra perspective of self-determination theory
(SDT) has grown considerably in recent years. #esyatic review on physical activity and
self-determination theory provides good evidenedlie value of SDT in understanding exercise
behavior, demonstrating the importance of auton@moativations in fostering physical
activity>>. A study to test the relationships between caomssrfrom the self-determination theory
(autonomous and controlled motivation) and selieaffy within a theoretically integrated model
suggests that changes in autonomous and contraliéigtations positively predicted changes in
self-efficacy towards healthy eatitf§ In this dissertation, we examine the relatiopskimong
the WAY interventions, SDT constructs (autonomoastiolled motivation), behaviors
(PA/healthy eating) and weight loss with the coyway self-efficacy related to physical activity

and healthy eating.
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2.5.d. WAY interventions link to the theories

2.5.d.1.Theoretically Based Web-based InterventionBargeting Physical Activity and
Healthy Eating Self-efficacy

In the past decade, an explosion of the art areheeiof Internet-based interventions has
occurred. Tate and colleagues have demonstragegffibacy and cost-effectiveness of Internet-
based weight loss programs for overweight and opesple in a series of randomized tf&I%
®8.94 various approaches to Internet behavioral treatrfor weight loss were tested. These
interventions with support via e-mail, automatedssages, or chat rooms have produced weight
losses of 4-7 kg over 6 months to 1 yédihe WAY web-based intervention was designed based
on SCT to help participants increase physical agtand healthy eating self-efficacy and self-
regulation®. SCT suggests that interventions must help iddizis develop a sense of self-
efficacy in specific behaviors (such as being ptalyy active and eating nutritiously), which
promotes individuals’ positive expectations for &eabr change and their modification or
differential use of self-regulatory skills (ie, plang, self-monitoring, problem solving, and
setting self-standards, goals, and self-incentf%es)

2.5.d.2 Cash Incentives Increase Autonomous and Cioolled Motivations to Participate in
Weight Loss Program

According to a recent review, empirical research $igpported that providing financial
rewards for losing weight motivates people to eegagbehaviors that produce weight f6s
In a large retrospective cohort study conducteanbiserve the relationship between financial
incentives and worksite-based behavior change gnogegistration, completion, and risk
improvement rates, companies that offered incesthaa significantly higher health coaching

completion rates than companies not offering aentige (82.9% vs. 76.4%, respectively, p =.
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017) but there was no significant association wetistration (p =. 384) or risk improvement
rates (p =. 242). The actual incentive values weiesignificantly associated with risk
improvement rates either (p =. 248}, Finkelstein et al. tested the effect of diffarkvels of
financial incentives on weight loss among overweghployees and revealed that modest
financial incentives can be effective in motivatimgerweight employees to lose weitffit
However, there is little evidence that financialentives are effective in changing people's long-
term behaviors. According to a systematic revié¢the impact of worksite wellness programs,
only 2 of 23 studies that used financial incentiaetially evaluated the impact of incentives and
found increased wellness activities participatiod decreased risk for high body weitfit
Adopting new health behaviors is more likely to wckbecause of embracing autonomous
motivation like feeling energized, feeling a seafaccomplishment from achieving a goal,
being a good role model for children and friends] being able to spend quality time with other
people who are practicing healthy behavidré® 2% 131 |n fact, financial incentives can

actually reduce a person's underlying motivatiopractice a healthy lifestyle, especially when
financial incentives are withdrawh This happens because people sometimes shift thei
attribution for practicing the behavior from thérinsic benefits to the extrinsic financial reward.
In other words, they begin to think that they ar&cficing the behavior primarily because they
are receiving the financial reward and losing awass of the intrinsic rewards. On the other
hand, it is important to point out that there sodlittle evidence to prove that financial inceasv
do not produce long-term behavior changes; exigindies have small sample sizes and

insufficient ranges of incentive amounts to prowiaiet proof>® 132 133
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In this dissertation, we hypothesize that the ¢aséntives will reinforce employee’s
motivations to participate in the weight loss pagr In a study to test whether the offer or
receipt of an incentive would lead individuals how differential changes in autonomous and
controlled motivation for remaining in the WAY sidd® the cross-sectional and longitudinal
analyses demonstrated inconsistence evidence pmdupat the WC+WPI had greater influence
on autonomous motivation for participating in a gviloss program than WC+WEB. This
dissertation will use more advanced statisticahoe$ and add new knowledge beyond the
study by Crane et al. (2012) in the following wayl9:to assess whether financial incentives
increase participants’ autonomous and controlletivations for participating in a weight loss
program in the short term (i.e., autonomous androtb@d motivations at 3 months after the
beginning of the interventions); 2) to assess tfexeof financial incentives in combination with
WEB (i.e., compared with the WC only group); 3)riolude all three intervention arms which

results in a larger sample.

2.6. Summary

In conclusion, this dissertation will focus on tatoidies: 1) the contextual study of the
impact of environmental change on employees’ wenglet time was framed using principles of
SEF, and guided by RE-AIM framework and the wokksgitervention literature; 2) the
mediational study of the relationships betweenib&Y web-based weight loss program,
autonomous and controlled motivations, physicavagtand eating SE, healthy behaviors (i.e.,
eating, PA) and weight change were informed by3@d, SDT and empirical studies from

effective weight loss interventions as well as répabout mediation in nutrition and Physical
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activity in the literature. Both studies will baided by conceptual model designed to
understand key mechanisms of change along the@atbight loss. The WAY to Health
interventions (WC, WC+WEB and WC+WPI) were theonyjelpd. The conceptual model
provides a visual representation of the hypothésie&ationships between individual and
organizational level (multi-level) interventionslidered as part of the WAY to Health research

study and the mechanisms which potentially inflgeamployee weight change over time.
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CHAPTER 3: METHODS

3.1. Overview

This dissertation will include two papers. Papef this dissertation is designéal
examine the public health impact of the \@@ will use both individual level and organizatibn
level data from WAY project with 1004 employeedlinenrolled worksites (e.g. colleges from
North Carolina Community College System) (NCCCS)ddongitudinal contextual study.
Paper 2 is designed éxamine the pathways explaining the interventidact$ of WAY
interventions on individual’'s weigland will only use employee level data collectebasgeline,
3, 6 and 12 months.

In order to address the two specific aims at midtipvels of SEF, we will use RE-AIM
measures including reach, adoption angdlementation of WC at the organizational leveiasl
as implementation and effectiveness of WC at theleyee level. Simultaneously, employee’s
body weight, PA, healthy eating, motivation to papiate in a weight loss program and self-
efficacy related to PA/ healthy eating as welllss demographic information were collected at
the individual level.

Data for Paper 1 were obtained usanmix of qualitative and quantitative data collenti
methoddrom 5 sources: campus environmental assessnvenrisforce information data, key
stakeholder interviews, anthropometric measurenwrgmployees and a 30-minute self-

administered survey among 1004 overweight/obesdogmgs age 18 or above from 17
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community colleges at baseline, 3, 6 and 12 mof8he section 3.4 for a description of each
instrument). Data for Paper 2 were obtained usitgrapometric measurements of employees
and the 30-minute self-administered survey at baseB, 6 and 12 months. In this chapter, we
will describe the sample, setting, recruitment gffohat are shared by the two papers, followed

by a detailed description of the methods for P4get, respectively.

3.2. Sample/Settings and Recruitment Procedures

3.2.a. Worksite Recruitment

In response to a letter and brief interest surasgd to the president of each community
college, 81% (48/59) of colleges initially expredsaterested in participating in a research study
addressing employee weight loss. They completaibsurvey to provide key information
about the campus and its employ&ed\fter funding and IRB approval were secured heac
college president was approached again to assgestinterest. Thirty-four (58%) remained
interested and were eligible for enrollment. Gf 84 colleges interested and eligible to
participate, 16 (based on campus and employeew&e)selected and accepted the invitation to
enroll; 18 were waitlisted. However, prior to cambaseline data collection (and before
randomization), two colleges withdrew: one for m@asunrelated to the study and one because
the campus contact decided that there was insefffigtaff time available to meet the study
requirements. To make sure the research team oecrddit enough eligible (overweight)
employees into the weight loss study and givenghaéral college campuses wanted to
participate but had small numbers of employeey, toenbined two smaller campuses and
randomized them as a cluster. Thus, the reseaach maintained ability to recruit enough

overweight employees into the study and maintagr@tinced the sample size at the college
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level (e.g. preserving power to detect expectedjimdosses). All participating campuses signed
a Campus Study Agreement Form that outlined thgestaf the research study and described the
responsibilities of the campus administration, #adoemployees and research team. Moreover,
a campus contact kickoff event was held to orikatgarticipating campuses to the study,
provide the WC training and seek their help in agrtiohg the key stakeholder interviews and
environmental scans, recruiting employees, etc.

The 17 enrolled colleges employed a total of 82BRtime and part-time employees.
Using national figures, we estimated that 64% a@hcwnity college employees were overweight
or obese (BMI > 25 kg/m2), thus 5364 met the wergtdted inclusion criteria. 2293 employees
(43% of assumed eligible employees) either canantonsite event or completed online
screening. Of these 2,293 individuals screene@(99.5%) were ineligible to participate; the
primary reasons were BMI of less than 25 Kg/aged less than 18 years, and not employed by
the community college (Figure 8). Among otherwesigible employees who attended the onsite
assessment, 354 (15%) required physician consetr €lue to a BMI > 42 or based on
responses to the PARY), Of the 354 who required a medical consent, 24pleyees (70.3%)
returned the signed physician consent form and emerelled in the study. Another 278
employees (12.1% of employees assessed) did eoddtte onsite baseline measurements
required to confirm eligibility (Figure 8). TotaD04 participants were enrolled in the WAY

project at baseline.
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Assessed for Eligibility
(n =2,293)

A

Excluded (n = 1,289)

n = 906 Did not meet inclusion criteria

n =278 Refused to participate (no shows at
baseline)

n = 105 Did not return required MD consent

Completed enrollment and
baseline measurement

(n=1,004)
v
Allocated to WC Only Allocated to WC+WEB Allocated to WC+WPI
intervention intervention intervention
(n =375) (n =350) (n=279)

——— » Ineligible N=9

Eligible n=366
Measured n=251

» [Ineligible N=4

Eligible n=362
Measured n=255

Ineligible N=21

A 4

Eligible n=341
Measured n=247

A

Eligible n=338
Measured n=239

A

Eligible n=332
Measured n=220

A 4

Eligible n=325
Measured n=208

— » Ineligible N=12

3 months

» [Ineligible N=6

6 months

I » Ineligible N=7

12 months

— » Ineligible N=4

v
Eligible n=275
Measured n=214

Ineligible N=0

A 4

Eligible n=275
Measured n=205

— p Inecligible N=6
v
Eligible n=269
Measured n=195

Figure 8. WAY to Health CONSORT Diagram: Participant level
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3.2.b. Participant Recruitment

Participants were recruited through a variety offrads, including e-mail, flyers, posters,
campus newsletter/newspaper articles, closed-caflevision screen shots (where available),
and links to the study website which were placed¢ampus websites. Eligibility criteria
included being at least 18 years of age, working @éarticipating community college (either full
or part-time) and having a body mass index (BM&ager than 25kg/frParticipants who were
pregnant or lactating, had Type | diabetes, hadnteweight loss of 20 Ibs. or more, were
currently taking weight loss medication, had eithiedergone or scheduled weight loss surgery,
had experienced a malignancy requiring chemothéraghgtion in the past 5 years, or who
lacked Internet access either at home or at work wecluded. Physician consent was required
of any participant who answered “yes” to any ofstheligibility criteria items described above
on the Physical Activity Readiness QuestionnaisRFQ)™*

Participants were directed to the stu@ypsite where screening questions were completed.
Eligible participants viewed a copy of the studysent form, were asked to provide
demographic information and completed a baselimeesyiand were prompted to set an
appointment during a three-day period when prggeadt would be on campus to complete
enrollment. At the on-campus event, participaigaed copies of the consent form and had their
baseline height and weight measurements takerrify edigibility with objective measurement.
Additionally, participants who were enrolled in t8tate Health Plan were given the voluntary
option of granting research staff access to theudioal claims data. Interested employees who

had not taken the online screener prior to theamgpus visit were accepted as “walk-ins” and

underwent the same enroliment procedure, providey met the eligibility criteria.
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3.3. Intervention

After all baseline measures were collected, gramglomization occurred when
campuses (and all their enrolled employees) wesig@ed to one of three intervention groups:
Winners Circle Dining Program (WC only), Web-basesight loss program plus WC
(WEB+WC), Web-based weight loss program plus caséritives plus WC (WPI+WC) (Table
1). Community colleges were the unit of randomarabut individual enrolled employees were
the unit of analysis.

3.3.a. WC (WC)

The WC intervention was designed to identify anohpote (via labeling) healthy food
options, to educate consumers about the benefdsarsing healthy foods and to increase
access to healthy foods in cafeteria and vendiaigities.

Each campus received multiple training opportusitar the WC. First, two Registered
Dieticians from the NC Prevention Partners tearerefi a 4- hour workshop as part of the initial
WAY to Health orientation session/kickoff event &l participating campuses. Campuses were
invited to send two representatives to the inttahpus contact kickoff event. It was suggested,
but not required, that each campus include theystadtact person (often the Human
Resources/Benefits Director) as well as a foodisemperations person from the campus (either
a campus employee and/or a food service vendoeseptative who serviced the campus). The
Winner’s Circle training session consisted of &baverview of the history and purpose of the
program, a review the criteria that food items tacheet in order to be labeled as “Winner’s
Circle” approved item, a tutorial on how to analyaed items to see if they met the Winner’'s

Circle criteria, and discussions regarding potémiamner’s Circle promotions. This interactive
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training session concluded by asking each campds\elop tailored marketing plans for the
Winners Circle program.

In addition to the initial orientation/training $&3n, trained project staff conducted two
conference calls for participating campuses. Catlereviewed the initial orientation materials
with individuals who may not have attended theahiraining session. The second call
addressed onsite promotions and problem-solvingdtential barriers. Additionally, trained
project staff conducted a mini-training/boosterssas halfway through the project intervention
period. Minutes of both conference calls and thm-tnaining were sent to all campuses, as well
as a DVD recording of the initial training sessidproject staff from WAY to Health and NC
Prevention Partners were on call and availabledwige technical assistance throughout the
intervention period.

Campuses were encouraged to make use of all tgaouportunities but it was
completely voluntary after the initial training.hdis, an assessment of the adoption and
implementation of the WC intervention in 17 cammusecame a “natural experiment”
embedded within the larger WAY to Health study.

3.3.b. Web-Based Weight Loss Program (WEB)

Elements of website included lessons, diary, dynd@ehavioral, Focusing and Goal
Setting activities, a graph or chart of weight dmove time, downloadable self-monitoring
form and message board(Table 5). Upon complehiadpaseline measurement, employees in
campuses randomized to the WEB or WPI interventiensived the WEB intervention. Each

enrolled employee was provided a guide book coimgicaloric information for commonly
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eaten foods (including popular restaurants) aloitly weekly calorie tracking booklets.
Participants were not required to track their galortake but were encouraged to do so online.
3.3.c. Cash Incentive

In addition to Winner’s Circle (WC) and the Web-bdsveight loss program (WEB),
participants in the WPI+WC group received finanagentives for weight loss at each of the
follow-up visits. Participants received $5 for kgercent of baseline weight lost at each visit (3,
6, 12 months), thus rewarding both initial weigthgéd and maintenance of weight loss. Payouts
at each time point were capped at 10% weight lmehtourage healthy weight loss patterns
(e.g. not excessive, potentially harmful weighs)osThe maximum total payout for weight loss
over the course of the study was $150.

Participants in all three intervention groups alsteived a small cash stipend of $5, $10
and $20 for attending the 3-month, 6-month and b2timfollow-up visits, respectively, for
completing study questionnaires. In additionpaliticipants who attended a follow-up weigh-in
were included in a $100 prize drawing across atmases. Participants received chances for the
drawing by attending the follow-up visit; additidredances for the drawings were earned upon

completion of the corresponding surveys at eadbvielip event.

3.4. Data Collection Sources/Methods

3.4.a. Key Stakeholder Interviews
Prior to employee recruitment into the weight Ieggly, campus key stakeholders
interviews with the President, Human Resource DaredVellness Coordinator, Cafeteria and

Vending Food Service Managers and Facilities Marsagere conducted by trained research
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staff at all campuses. Structured interviews ogdly adapted from the Working Well Tri&t
136.
3.4.b. Campus Environmental Scan

Trained staff also performed an environmental staeach campus to make direct
observation of food and physical activity-relatedgrams, services and facilities. Specifically,
food labeling, education and availability of hegltbhod options at cafeteria/snack bars (if
applicable) and in snack and beverage vending mastat baseline, 3-months, 6-months and
12-months to monitor implementation of the WC peogr described below in both text and
table.
3.4.c. Campus Contact Survey

Questionnaires were distributed to all 17 campmndacts prior to the 3 (n = 17), 6 (n =
16), 9 (n = 14) and 12 month (n = 15) follow-upitas Contacts were instructed to complete the
guestionnaires and either fax them back or hana tieeresearch staff. These questionnaires
were designed to collect process evaluation dag@déeng the implementation of the Winner’s
Circle.
3.4.d. Workforce Information Data

The workforce information data such as campuswae requested from each

participating campus at the beginning of the stoidffom NCCCS records.

3.4.e. Employee Onsit&nthropometric Measurements/Questionnaires
At each assessment (baseline, 3, 6 and 12 mon#ightwas measured using
standardized protocols. Height was measured alibanly. The anthropometric

measurements were conducted by a trained resessigtaat in a private room so that participant
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privacy was protected. The self-administrated toesaires collected information on
demographics, physical activity, healthy eatingtiwations to participate in a weight loss
program and self-efficacy for physical activity aspkcific eating behaviors and were
administered onsite (baseline survey: either ordiney paper; follow-up surveys: online) after
theanthropometric measurements were takiéiail or email reminders were sent to each

enrolled employee 1 week and 1 day before the stbeédveigh-in measurement event
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3.5. Measures

Table 7. Measures and Data Collection Methods

Study J;lﬁgb?é Construct Variable SEF Level Timing Method Instrument Reference Reliability
Re_:ach |°f the Absolute number and proportion of
RE-AIM Winner's . .
h ) ) employees who used the food service Baseline, . . Employee
Dimension- | Circle . feteri Y di hinek Campus Questionnaire N/A N/A
Reach Dinning (|.e.r; cal et(_er_la and/or vending maI(I: ines) 12 mo Survey
q
Program at the participating community colleges
Adoption of Absolute number, proportion and
RE-AIM the Winner's | characteristics of community colleges . -
Dimension- | Circle that implemented any component of the Campus ?2sn?gne, Observation gg:rl]'o;or?rﬁgtal N/A N/A
Adoption Dinning Winner’s Circle over the 12 months of
Program intervention
Education & Labeling: the sum of the
following 7 items (1=yes, 0 = no)
Paper 1: The
impact of « Nutrition posters or signs? (Y/N)
environmental
change on « Labels or signs placed next to healthy
employees’ food? (Y/N)
healthy eating
and weight over Implementatio
time RE-AIM n of the  Food items with easily visible nutritiof Baseline The inter-
Dimension- | Winner's information signs (fat grams, cals, etc.)? ' | Observation- Environmental | Developed by the rater
) ) Campus 3,6,12 -
Implementati| Circle (Y/N) mo tour Scan Forms research team reliability
on Dinning was 100%
Program

« Nutrition information available for
customers to take? (Y/N)

« Signs/prompts to choose low fat item
(Y/N)

« Signs/prompts to choose fruits and
vegetables? (Y/N)
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Study

Type of

- Construct Variable SEF Level Timing Method Instrument Reference Reliability
Variable
« Low/reduced fat items labeled? (Y/N)|
Access to Healthy Food: the sum of the
following 10 items (1=yes, 0=no)
« Low-fat milk in the milk case? (Y/N)
« Low-fat yogurt? (Y/N)
« Low/reduced fat items on menu? (Y/N)
] ] ] Baseline The inter-
« High-fiber cereals displayed? (Y/N) ' | Observation- | Environmental | Developed by the rater
Campus 3,6,12 L
mo tour Scan Forms research team reliability
« Fruit available? (Y/N) was 94%
» Vegetables available? (Y/N)
* Frozen yogurt machine? (Y/N)
« Salad bar? (Y/N)
* Prepackaged salads? (Y/N)
« Special promotions featuring healthy
food choices? (Y/N)
Implementatio . 3,6,12 . Environmental | Developed by the
n of WC Placement of WC stickers Campus mo Observation Scan Forms research team N/A
Employee | \yeight Employee | 5 6,15 | Measured | N/A N/A
Weight 9 ploy rr;o’ weight
RE-AIM Block G,
Dimension- Hartman AM
. . Block Food '
Effectiveness Employee Total calories Employee g’afg“rﬂi’ Questionnaire | Frequency gra?fgl(le ;\A%M 0.74
Healthy ’ Questionnaire ’
Eatin Gannon J,
9 Gardner L. A
; data-based
. Baseline, } ) Block Food .
Fruits and vegetables Employege 6,12 mo Questionnaire Frequency approach to diet | 0.84
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Study Jgﬁ:b?; Construct Variable SEF Level Timing Method Instrument Reference Reliability
Questionnaire questionnarie
design and
Baseli Block Food testing. Am J
Total and saturated fat Employee Gafg ne, Questionnaire | Frequency Epidemiol. 0.72
» e mo Questionnaire | 1986;124:453-
469.
O'Neil PM,
Currey HS,
Hirsch AA,
Malcolm RJ,
Sexauer JD, Split-half
Riddle FE, reliability=0.
Baseline Eating Taylor CI. 62; one
Eating Behaviors Employee 6 12 m 0’ Questionnaire | Behavior Development month test-
’ Inventory and validation of | retest
the Eating reliability
Behavior =0.74
Inventory. J
Behav Assess
1979; 1: 123—
132.
Independent | WAY Intervention arm(values=WC only, Baseline, B
Variable Intervention WEB +WC or WC+WPI) Employee 12mo Manipulated N/A N/A N/A
Dependent Employee . Baseline, Measured
Variable Weight Weight Employee 3mo weight N/A N/A N/A
Rose, E.A,,
Paper 2: Markland, D., &
PathWayS to Pal’fltt, G. The
explain weight _d?t‘,’elloml‘_“de”t_t and
initial validation
g)ni%,? rogram Weight Loss Causality Orientations . Treatme_nt Self- of the Exercise
9. Autonomous | gz (0-7 likert scale): Autonomous | Employee Baseline, estionnaire | Regulation Causalit
community Motivation - -Ad u ploy 3mo Questi : Questionnaire sality
college ) Regulation score (TSRQ) Orientations
employees Mediators Scale. Journal of
Sports Sciences.
2001;19:445-
462.
. . . . Treatment Self-| Rose, E.A,,
Controlled \é\g—:;lgehzol__(;slfkg:ﬁglllg.%rgenr::ihlggs Employee Baseline, Questionnaire Regulation Markland, D., &
Motivation Regulation Score ’ ploy 3mo Questionnaire | Parfitt, G. The
(TSRQ) development and
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Study

Type of
Variable

Construct

Variable

SEF Level

Timing

Method

Instrument

Reference

Reliability

initial validation
of the Exercise
Causality
Orientations
Scale. Journal of
Sports Sciences.
2001;19:445-
462.

Physical
Activity self-
efficacy

Physical Activity self-efficacy (1-5 likert
confidence, 5-item scale)

Employee

Baseline,
3mo

Questionnaire

Exercise self-
efficacy

Marcus BH,
Selby VC,

Niaura RS, Rossi
JS. Self-efficacy
and the stages of]
exercise behavio
change. Res Q
Exer Sport.
63(1):60-66,
1992.

0.79

Healthy
Eating self-
efficacy

Healthy Eating self-efficacy (0-9 likert
confidence, 20-item scale)

Employee

Baseline,
3mo

Questionnaire

Weight
Efficacy
Lifestyle
Questionnaire
(WEL)

Clark MM,
Abrams DB,
Niaura RS, Eaton
CA, Rossi JS.
Self-efficacy in
weight
management. J
Consult Clin
Psychol 59:639-
44, 1991.

0.9

Physical
Activity

Weekly Energy Expenditure

Employeg

| Baseline,
6mo

Questionnaire

Short IPAQ

Booth, M.L.
(2000).
Assessment of
Physical
Activity: An
International
Perspective.
Research
Quarterly for
Exercise and
Sport, 71 (2):
s114-20

It exhibits
moderate
correlations
with
objectively
assessed
physical
activity via
pedometer or
acceleromete
r data with
criterion
validity of a
median
p=0.30
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Study

Type of
Variable

Construct Variable SEF Level Timing Method Instrument Reference Reliability
Block G,
Hartman AM,
Baseline Block Food Dresser CM,
Total calories Employee 6mo " | Questionnaire | Frequency Carroll MD, 0.74
Questionnaire | Gannon J,
Gardner L. A
Egﬁiﬁyee data-based
Eati g - Baseline | Block Food approach to diet
ating Fruits and vegetables Employee =" | Questionnaire | Frequency questionnarie 0.84
Questionnaire | design and
Block Food tes_ting. AmJ
Total and saturated fat Employee Timing Questionnaire | Frequency Epidemiol. 0.72

Questionnaire

1986;124:453-
469.




3.5.a. Measures for Paper 1

In order to evaluate the public health impact ohwér’s Circle, we used four of five
dimensions of the RE-AIM framework namely “ReacltEffectiveness”, “Adoption” and
“Implementation”. Maintenance was not assessehlignstudy. The four dimensions are
operationalized below.
3.5.a.1. Reach

Reach was defined as the absolute number and piapof employees who used the
food service (i.e., cafeteria and/or vending maesirat the participating community colleges.
The characteristics of the employees who usedahguas food service and the reasons why the
employees did not used the cafeteria on campus examined.
3.5.a.2. Effectiveness

Effectiveness of Winner's Circle program was adskdsat the participants' level and
defined as its main effect and interaction withitidividual-level WAY interventions in the
following behavioral and health outcomes: 1) chaindeealthy eating (i.e., total kilocalorie
intake, fruit, vegetable and saturated fat consionpt2) change in weight.

Implementation of WC was dichotomized as “placement of WC stickers” ‘ar@lWC

stickers” to indicate the implementation of the \#¢Z component-placement of Winners Circle
stickers on vending machines or in the cafeteria.

Change in weight:the primary outcome for effectiveness was chandedy weight

from baseline to 12 months. We also report chamgbedy weight at 3 and 6 months compared
to baseline weight. Weight was measured usingradstdized protocol by trained staff with
employees in casual street clothing, without shoes calibrated electronic scale (Tanita BWB-

800)and rounded to the nearest 274 a pound.
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Change in healthy eating:anadditional outcome of interest was change in hgalt

eating (.e., total Kcal, fruit, vegetable and fat consuimpy from baseline to 12 months. Change
in healthy eating at 6 months compared to baselaealso includedlotal Kcal, fruit, vegetable
and fat consumptiowere assessed onsite Bipck Food Frequency questionnaire (version
1998)*"' 138 This 110 food item questionnaire is designeds®ess nutrient intake levels as well
as specific foods and food groups (e.g., fruitgetables, meats) over extended periods. It takes
30-40 minutes to complete. The food list for tpestionnaire was developed from the
NHANES Il dietary recall data. The nutrient daedab was developed from the USDA Nutrient
Database for Standard Reference.

This questionnaire version requests that resposdestimate their daily, weekly,
monthly, yearly, or rarely/ never consumption fregcies by indicating the exact number of
times each food was eaten per day, per week Rgspondents were also asked to indicate
whether their usual portion sizes were small, m&dior large compared with a standard. All
completed questionnaires were checked by the stodidinator for accuracy and completeness.
Daily intakes of energy and nutrients were estichdte multiplying frequency responses with
the specified portion sizes and the nutrient vahsssgned to each food item in the nutrient
database. The fruit and vegetable screener cemdiggn items and is summarized as servings of
fruits and vegetables per day. The fat screemesists of 17 items and assesses both fat and
saturated fat. The percentage of total calori@s fsaturated fat will be used in this study as one
of the secondary outcontds” The reliability coefficients for total caloriefsyits and vegetables
and total and saturated fat are 0.74, 0.84 and €egpectively.

Other Potential Covariatesinclude Employe®emographic Characteristicswhich

includes employee job classification (faculty memiee staff), gender, age, education,
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race/ethnicity, annual household income and nurobgears employed at the college, which

were collected via employee questionnair€ampus Characteristicsincludethe campus size

(number of employees) and existence of employetesd committee (Y/N) were determined

either via information provided by the NC Commurtgllege System and/or key stakeholder

interviews (Table 8).

Table 8. Variables Associated with Worksite Charateristics

Worksite

Characteristics Question Variable Source
How important do you think it is to offer healtiP3BL Baseline
- . . promotion programs to employees at this President
ﬁ%‘ggg';’gﬁ%gﬂfs campus? Would you say it is not at all Interview
to zm lovees important, not very important, somewhat
ploy important, very important, or extremely
important? [5-point Likert Scale]
To what extent do you believe employees wh&8BL Baseline
Administrative perceived| &€ full-time faculty are interested in President
interest of facuﬁ in participating in health promotion programs on Interview
articipating in I—)IIPP this campus: not at all, a little, to some extent,
P pating to a greater extent, or to a significant extent?
[5-point Likert Scale]
To what extent do you believe employees wh®7BL Baseline
Administrative perceived are full-time, staff are interested in President
interest of staffl?n participating in health promotion programs on Interview
articipating in HPP this campus: not at all, a little, to some extent,
P pating to a greater extent, or to a significant extent?
[5-point Likert Scale]
Number of Emblovees on Total Number of Full-time Employees W3H1BL Workferc
Cambus ploy Information
b Data
Is there a wellness committee that exists on| W7ABL, Baseline
campus? [Yes/No] HR13CBL | Wellness
EWC in Place Coordinator
and HR
Interview
Is there currently a budget to support employé&dJDGET Supplement
health promotion activities on this campus? Question for
Budget for HPP [Yes/NO] Wellness
Coordinator
- : Is this area(FITNESS FACILITY) present on| PAFacility Environmen
ﬁ\é?”?bl:;tgcc')lftzzyosfal campus?[Yes/No] tal Scan
ivity iliti Form

Campus
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3.5.a.3. Adoption

Adoption was measured at the organizational lesaahfus) only and defined as the
absolute number, proportion and characteristicoofmunity colleges that implemented any
component of the Winner’s Circle over the 12 momthmtervention. Moreover, the extent to
which the community colleges participated in the W&ining sessions, conference calls and
booster session were documented.
3.5.a.4. Implementation

Implementation was addressed at both the campakded the participants' level.
Implementation at campus level was defined asxheneto which the community colleges
successfully implemented the components of the AfierCircle and was assessed by both the
campus contact self-reported implementation andablve measures. Objective implementation
was assessed using the Campus Environmental Staardhrated on a four level scale by using
the following criteria: “no WC stickers” indicatet placement of Winners Circle stickers on
vending machines or in the cafeteria; “low” defirddcement of Winners Circle stickers on
vending machines or in the cafeteria; “medium” aaded stickers in the cafeteria and on
vending machines or stickers in either the cafaterivending machines and at least one
additional activity; and “high” indicated the uskstickers on vending machines, and in the
cafeteria and one additional Winners Circle agtivifdditional Winner’s Circle activities
included the use of signs, posters, or pamphleth@program, specials or promotions.

Moreover, to quantify the level of implementatiodiVdinner’s Circle program two scales
were created: 1) Education and Labeling; and 2e8sd¢o Healthy Food. Education and
Labeling assessed if various labeling or educanaterials were available using a 7-item scale.

Access to Healthy Food accessed an employee’ssatwégalthy food in cafeteria using a 10-
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item scale (Table 7). In this study, we got an ig#proval to have two trained staff members
perform an environmental scan simultaneously addpendently to test the inter-rater reliability
of the indices using a representative sample a3 QC community colleges. The inter-rater
reliability was 100% and 94% for Education and Uadgeand Access to Healthy Food,
respectively. We also examined whether the campuotacts reported the Winner’s Circle
program was in place (“Is the Winners Circle Dinfigpgram in place on your campus at this
time?” and which components were implemented (“Wioahponents of the Winners Circle
Dining Program are in place in your campus cafateending at this time?”). In terms of
utilization of technical assistance to implememt Winner’s Circle program, results of the
Campus Contact Survey items “To what extent has gampus used the Winners Circle Dining
Program materials provided to you at the training/® “Has your campus used any of the
following help or technical assistance availabletplement the Winners Circle Dining Program
on your campus?” is reported. We will also disah&scampus contact’s perceptions about the
extent to which the Winner’s Circle program helgaaployees lose weight, methods to promote
the Winner's Circle Dining Program to employeesampus and barriers to implementation of
the WC.
3.5.b. Measures for Paper 2
3.5.b.1. Dependent Variable
Weight

The participant’s body weight at 12 months wasdéeendent variable controlling for
his/her weight at baseline in the model. Weight m&asured using a standardized protocol by
trained staff with employees in casual street ahathwithout shoes, on a calibrated electronic

scale (Tanita BWB-800nd rounded to the nearest 271 a pound.
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3.5.b.2. Independent Variable
WC+WEB and WC+WPI Interventions

In Paper 2, we will explicitly test the impacttbe web-based weight loss program with
(WC+WPI) and without incentives (WC+WEB) by exammigidirect and indirect associations
between the intervention groups (WC, WC+WEB and \W®+t), motives, self-efficacy, healthy
behaviors (i.e., eating, PA), and weight change.
3.5.b.3. Potential Mediators of Weight Change
Total Kcal, fruit, vegetable and fat consumption

Total kilocalorie intake, fruit, vegetable and sated fat consumption at 6 months were
assessed onsite Bjock Food Frequency questionnaire (version 1988)%® The details of
this instrument and measures of total kilocalantake, fruit, vegetable and saturated fat
consumption are described in Section 3.5.a.2. “Géam healthy eating”.
Physical activity

The International Physical Activity Questionnairee® Form (IPAQ-Short) assessed
physical activity at 6 months in which physicalieity is measured by a 7 day recall. The total
volume of physical activity is converted to Metabdtquivalents (MET) min/week. Total MET
min/week (i.e., the sum of the walking, moderate] gigorous intensity activity MET-
minutes/week scores) was used as a global mealsphgsical activity. This measure has
demonstrated validity and reliability and perforsmsilarly to the longer version of the
questionnairé® % |t exhibits moderate correlations with objechivassessed physical activity
via pedometer or accelerometer data with critevialidity of a mediarp=0.30"*%**and

produced repeatable data (Spearmarckistered around 0.8§%243
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Autonomous and Controlled Motivations

Participants completed the Treatment Self-Reguiafaestionnaire (TSRQ) as an
indicator of their autonomous and controlled mait@vards weight loss intervention
participation at 3 months. Autonomous motivesrénaining in the program and following the
procedures of the program were assessed usingitines controlled motives were assessed by
7 items. Participants responded to each itemswake of 1 (Not at all true) to 7 (Very true). An
example of autonomous motives is “I feel like ilie best way to help myself’. An example of
controlled motives is “Others would have been aragmne if | didn't”. Previous research using
the TSRQ has reported internal consistency (Crdribag reliability estimates ranging from
0.67 to 0.87 and indicates that greater endorsement of autonsmmtives measured by TSRQ
scores predicts sustained weight chdhge
Health Eating Self-efficacy

Health eating self-efficacy at 3 months was asselkgeéhe Weight Efficacy Life-Style
Questionnaire (WEL) as part of the employee suadinistered online or at the onsite
assessment. Subjects were asked to rate theideané about being able to successfully resist
the desire to eat using a 10-point scale rangim 0 (not confident) to 9 (yery confident). A
principal components analysis revealed a five-campb solution for the 20 items (4 per
component) by two different methods of determirtimg number of components to retain
(Velicer's, 1976, minimum average partial procedamd Horn's, 1965, parallel analysis
method). The components are Negative Emotionsil&aty, Social Pressure, Physical
Discomfort, and Positive Activities. Scale sconese computed by summing the 4 items for
each of the five scales. The Cronbach alpha aoefiis of internal consistency ranged from. 90

for the Social Pressure scale to. 70 for the Resfictivities scalt* 14°
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Physical Activity Self-efficacy

Physical activity self-efficacy at 3 months was swead using a 5-item instrument on
which participants indicated their confidence imigeable to be physically active in a variety of
situation$*®. This instrument uses a 5-point Likert scale iagdrom 1 (not at all confident) to

5 (very confident). The Cronbach alpha coefficienitinternal consistency reliability is 0579

3.6. Data Analysis

Before analyzing the data to achieve the spedifitsathe following analyses were done
for both aims. Frequency distributions were coregub describe the study sample. We used
the baseline data to compare the characteristiesspbndents who weighed in with those who
did not weigh-in at the 12 months assessment by ditne non-response analysis used
generalized linear mixed models to determine ifdhveas any significant difference between
respondents and non-respondents by arm and whhthdifferential attrition is a threat to
internal validity of the studyThe statistical analyses for all analyses in thisgaccounted for
the cluster random sampling design, with collegthasunit of sampling, and employee nested
within college as the unit of analysis. The hiehacal nature of the data enabled us to study the
effectiveness of campus level Winner’s Circle paergmet of the individual level interventions
as well as to explore the mediation effects of ssv@otential mediators to explain how the
individual level interventions worked. The statat techniques to be used to analyze data are
detailed specifically under each Aim below.

3.6.a. Statistical Analysis for Paper 1
Descriptive statistics (percentages and means/atdrbviations) were summarized for

the worksite characteristic, participants’ demogia@and representativeness. Additionally,
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descriptive statistics were summarized for RE-AlMasures-Reach, Adoption and
Implementation.

In order to examine the Effectiveness of WC, weedita 2-level Hierarchical Linear
Model (HLM) for the change in each of the healtlyirg variables as well as the change of
body weight at each time point compared to baseliéch allows us to examine the
interactions between placement of WC stickers Aadmeb-based intervention and incentives as
well as their main effects on changes in indivitkialeight (or healthy eating). The web-based
intervention and incentives entered into the HLMhasindividual-level factors and placement
of WC stickers entered as the campus-level factochvinfluences both intercept and slope of
the relationship between the individual-level irmtion and change of weight (or healthy
eating). Baseline body weight (or healthy eatipgyticipant demographics (e.g., age, gender,
race, education) and the worksite characteristiclsiding number of full time employees,
budget for health promotion programs, existencenoEmployee Wellness Committees (EWC)
and availability of physical activity facilities asampus were included as control variables in the
HLMs. Multiple imputation was used to handle thissing data. Ten datasets were generated
by assuming a monotone missing data pattern andtingpplausible values for the missing
values via a Markov Chain Monte Carlo (MCMC) algiom **’. The combined parameter
estimates from the separate analyses of 10 datasststhen used for hypothesis testing and
inference. Age was group-mean centered and wel-i@ariables were grand mean centered to
facilitate interpretation. Differences were comsetl statistically significant at p < 0.05.

The gross variance in weight (or healthy diet) geabetween individuals with campus-
level context at certain time point was first estied with a null, or unconditional model that

contains only a random intercept. Then we incafeal the individual-level intervention
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variables (indicated as “Intervention” in the edoias) and began with a linear model to look at
the effects of the individual-level interventions imdividual weight change over time
controlling for the individual-level characterigicThe aforementioned two models were
conducted for model building process and the resudire not reported in this paper. Next, the
main effects of individual-level interventions, iadiual-level characteristics, campus-level
characteristics and placement of WC stickers (eteid as “WC” in the equations) were assessed
in model a. In model b, an interaction term betwpkacement of WC stickers and the
individual-level interventions were then addedHe model with estimations of random
intercepts and slopes. The following are the fiixdvel HLM. Intervention represents the
individual level WAY interventions (i.e., WEB, WPIX, represents a number of individual-level
variables, 4 represents a number of worksite characteristiogiies:

Level 1: Difference in weight (or healthy diet) findbaseline to certain timepojnt

p
* [ *
+ m,; * Interventon; + z 7o Xt &

T 0 ij
p=1

i
q

Level 2: 7o, = By + By *WC; ++ > B * Zy + 1y,
g=1

7Ty = P * ﬂll*WCj RCT

o= 'BPO
After putting them together, we have

Difference in weight (or healthy diet) from baselito certain timepoint =

q p
Boo + Bor*WC; + 15,4+ + D B * Zy+ D Boo* X+ + I+
q-1 p=1
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Level 1 residual distribution plots, residual bggictor plots and higher level random
effect univariate/bivariate distribution plots, armhdom effect by predictor plots were examined
as diagnostic analyses for the model fit. Therkegtilevel model assumptions will be evaluated
through diagnostic analyses: Level 1 and Leveledligtors are uncorrelated with Level 1
residuals and Level 2 random effects; the modetaperly specified; Level 1 residuals are
independent, homoscedastic and normally distribwié mean 0 and variane&; Level 2
random effects are independent over Level 2 undsjoscedastic and multivariate normally
distributed with mean 0 and covariance matrix Tvdlel residuals are uncorrelated with Level 2
random effects and vice versa. Statistical analyssre performed using SAS Version 9.2.
3.6.b. Statistical Analysis for Paper 2

We used a recent innovation -the multilevel streadtequation modeling (MSEM) a
synthesis of multilevel modeling and structural &ipn modeling to test a series of hypotheses
for Paper 2 that the effects of WAY interventiomsveeight change are partially accounted for
by motivations to participate in a weight loss piog, healthy eating and physical activity self-
efficacy and behaviors. The advantage of MSEMasitircan provide valid statistical inference
when the units of observation form a hierarchyedtad clusters and some variables of interest
are hypothetical constructs (i.e., latent varigbtesneasured by a set of items. In our study, we
use a 20-item healthy eating self-efficacy scabk ab-item physical activity self-efficacy scale
to measure the healthy eating and physical actsatirefficacy (Figure 1). Treating the scale
items as the multiple indicators of the latent able, we can minimize the measurement error in
the self-efficacy scales. By fitting one simultane model, all the parameters and standard
errors are estimated conditional on the same sfteging present in the model. Therefore, both

theoretically and empirically, fitting a single MBENodel lends more efficient and elegant
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estimation of parameters or coefficients than resjoel”. A simulation study conducted by
lacobucci,D'*® documented that MSEM is more suitable than regredsr all sample sizes.
Given a large sample size for this analysis, MSEM tool well-suited for testing with clustered
data, multiple mediator paths and causal chaingdothan the traditional-all scenarios that are
embedded in the Paper 2 hypotheses and will helmderstand multiple mediator pathways and
causal chains as depicted in the conceptual model.

Testing multilevel mediation within the standardltievel modeling (MLM) paradigm
has several limitations. First, the MLM approachymproduce conflated estimates of between-
and within-level components of indirect effects.e Véfer to effects of between-level
components (variables) on other between-level corapis (variables) as “between effects”, and
to effects of within-level components (variables)ather within-level components (variables) as
“within effects”. MLM does not distinguish betweeffects from within effects, and instead
report a single mean slope estimate that combhreessto. Our study does not involve a between
variable in the mediation. However, it's possithlat between components of level-1 variables
(e.g., race) has an effect on between componemthef level-1 variables (e.g., baseline weight)
which causes between effects. At the same tintbjmecomponents of level-1 variables (e.qg.,
gender) has an effect on within components of dtéhasl-1 variables (e.g., PA) which causes
within effects. The use of slopes that combineveen and within effects can easily lead to
indirect effects that are biased relative to theie values because the component paths may
conflate effects that are relevant to mediatiorhwifects that are not. Second, MLM
approaches require a series of models for the mexdiand are likely to be complicated both
from a data management and model specificatiorppetivé*®. Using the new advances in

addressing multilevel mediation (e.g. a MSEM pectipe), we can overcome these limitations
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of MLM mediation analysis. We will test the medatt in 1-1-1-1 design, in which the first “1”
stands for the WAY interventions, th&and 3 “1” stands for the mediators (i.e., psychological
factors and behaviors), the last “1” refers todependent variable weight. None of the
variables of interest are at the campus level (fi¥ans they are all at the employee level) but the
clustering nature of the data is accounted foherhodel, by separating the individual-level
mediators into within- and between-group componemigeld a more thorough and less
misleading understanding of indirect effects of ittsiependent variable in hierarchical data.
MSEM permits us to investigate the (1-1) and (1+iRages simultaneously, rather than in two
steps as the conventional MLM framework requirgsing Mplus statistical software (version
6.0)"*°, The MSEM estimated the path coefficients andntlgect effect of the individual level
intervention for weight loss on the individual wieighrough the multiple mediators. The model
fit will be assessed by Chi-square test for modelrfd other fit indices (e.g., CFIl, TLI, RMSEA)

using Mplus 6.6,

3.7. Summary

The results of Paper 1&2 in this dissertation a#dws to move beyond simply
establishing the effectiveness of the WAY interv@mé by also determining which aspects of
WAY intervention are contributing to change. Byngsmore rigorous, multilevel methods, we
can establish the impact of the organizational ghaand the temporal sequence among
psychological, behavioral and health outcome véegtvhich will help describe healthy eating
and PA, and for WAY interventions influencing thdmdaviors at the employee level, it

provides insights for how future interventions nieeymodified and improved.
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CHAPTER 4: EVALUATING A WORKSITE-BASED ENVIRONMENTA L CHANGE
PROGRAM USING THE RE-AIM FRAMEWORK

4.1. Introduction

The worksite is a promising setting for health podion activities targeting nutrition and
physical activity (PA) to reduce body weight andipanass index (BMP) 1% 31> The
importance of the physical and social environmerfaators in workers’ health is widely
recognized and have long been advocated as afbagie investment in workplace
environmental and policy chanige’® According to a recent review of strategies oigive
maintenance and prevention of weight gain amond¢fsaty the Agency for Healthcare Research
and Quality (AHRQ), workplace interventions havhmgth individual and environmental
components was one of two interventions found teffextive with moderate strength of
evidencé. Strategies for weight maintenance and prevertfameight gain are also beneficial to
weight loss. According to the Practical Guide ldfedtion, Evaluation, and Treatment of
Overweight and Obesity in Aduftghe goals of weight loss are to reduce body vteigid
maintain a lower body weight for the long term; grevention of further weight gain is the
minimum goal. After the first 6 months of weighstotreatment, the priority should be weight
maintenance achieved through combined changeginpatiysical activity, and behavior
transition. Epidemiological evidence suggests wwaksite environmental and individual level
interventions may have important effects on healtth,understanding their complex interactions

requires a multilevel analytic approath®?
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The long-range goal of this study was to improvaleation of the multilevel
intervention programs that incorporate environmieata individual components guided by the
RE-AIM (Reach, Effectiveness, Adoption, Implemeitlaf Maintenance) evaluation framework
designed by Glasgow ef&l Translating interventions proven to be efficasito practice
allows for a greater public health imp&&t However, the efficacy-based research paradigi th
dominates our current notions of science is lingitamd not always the most appropriate standard
to apply because the interventions proven to beagfious are often delivered and tested in a
very restrict scientific environmeént' *> The RE-AIM framework is compatible with systems-
based and social-ecological thinking as well asroomty-based and public health
interventiond’ 18 157

A unique contribution of this study is to test theeraction between the individual-level
and environmental interventions. First, despitertiultilevel worksite-based interventions were
structured to target multiple levels of influenoldwing a socioecological model, few studies
have investigated the interactions between indalidevel and environmental interventidhs®
158 \What has not been adequately explored is tieeplalyed by the environmental change into
which a given individual-level change is embedded how it may affect individual-level
change respons&& Secondly, the existing research provides incaiatuevidence for the
effectiveness of environmental and policy chandeseato change employee dietary

behavior?®-163

whereas the multilevel interventions combininghbiodividual level and
environmental changes showed moderate evidentbdaffectiveness of improving employee
dietary®**®” Kahn-Marshall et al (2012) reviewed the workséiéalth promotion literature to
investigate programs that are aimed to changerthieomment to increase healthy dietary intake

and physical activitlf. Limited evidence was found for the effectivenessnvironmental
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and/or policy changes alone (n = 11 studies) tmgba@&mployee behavior, but intervention
studies (n=5) that provided individually focusedlie education and modified the dietary
environment in workplaces such as food labelingmmtional materials, and enhanced
availability and placement of healthy foods in tafias and vending machines showed modest
improvements in employee self-reported consumpiidruits/vegetables and fat intdke
Therefore, the study of the interactions betweanrenmental and individual-level interventions
in workplace has clinical importance because itheir explains why it's beneficial to combine
both individual level and environmental changeserglasthe environmental changes alone may
or may not have a direct impact on individual's &abrs.

The WAY to Health study (referred to &8AY”) is a three-year, three-group
randomized, controlled weight loss interventioaltrilt was designed to test the effects of two
individual-level interventions (i.e., the web-baggdgram and cash incentives) and one
environmental change intervention on weight chamg 12 months among 1004 overweight
and obese employees enrolled across 17 communiéges. This paper describes the
evaluation of the minimal-intensity worksite-basst/ironmental change intervention called
The Winner’s Circle Dining Program (WC) that senaedthe “usual care” arm of a 3-arm
intervention trial. . To understand the reackeaiveness, adoption and implementation of the
WC in the real-world settings, we address the falhg research questions:

1. How many and what percentage of employees caedohed by the Winner’'s Circle

program?

2. To what extent does the implementation of Witn€ircle moderate the effects of

individual-level weight loss intervention and irdloce individual's healthy eating and

weight change?
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3. To what extent was the Winner's Circle progratoed and implemented at the
organizational level?
4. To what extent is the Winner’s Circle progranplemented at the individual level

(e.g., awareness and satisfaction with the Winr@irsle program)?

4.2. Methods

Study Design

17 community colleges were enrolled in the WAY tedith research stutfyand then
were randomized into one of three arms: group C (ly) served as control, group 2
(WC+WEB) received WC and a 52-lesson web-basedhwéiigs program developed by T&te
®5%% group 3 (WC+WPI) received the WC and web-baseigindoss program plus cash
incentives based on weight loss. The RE-AIM framiwweas used to examine WC's overall
public health impact because it addresses indiVi@umaployee)-level and organizational
(worksite)-level factors along five dimensions: (&ach, the percentage and representativeness
of individuals who participate in the interventid®) effectiveness, the impact of the
intervention on targeted outcomes; (3) adoptioa phrcentage and representativeness of
settings and intervention staff who agree to delasprogram; (4) implementation, the
consistency and skill with which program componemesdelivered by intervention staff; and (5)
maintenance, the extent to which individuals mamieehavior change and organizations sustain
program delivery over tinf& As the usual care of the WAY to Health study, W&s offered to
all 17 participating community colleges with themngaaccess to training and resources, which

provides a unique opportunity and a “natural experit” for examining the reach, effectiveness,

adoption and implementation of WC across all carep@nrolled in the study.
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To test the effectiveness of WC, the WAY commugibtyleges with no placement of
Winners Circle stickers on vending machines ohadafeteria were categorized as the "No WC
stickers" group; other participating community egks were grouped into the "WC stickers in
place" group. We present the results from a gergeriment using a non-equivalent
comparison group design with dependent pretestgeisgtamples that existed within the larger
trial to help understand the effectiveness of Witen€ircle. The WAY study was approved by
the Institutional Review Board at both the Universif North Carolina at Chapel Hill and
Research Triangle Institute (RTI).

Sample

A detailed description of WAY is available elsew#fér® The 17 participating
community colleges comprised a total 8252 full-tiamel part-time employees, of which 1004
overweight and obese employees (12%) participaitdide WAY project and completed the
surveys and anthropometric measurements at baséim@loyee retention was 704(72%) at 3
months, 680(70%) at 6 months and 650(70%) at 12msqisee section 3.2, Figure 8. Consort
Diagram). Only participants with self-reported as&€ampus food service in these community
colleges (n=626) were included in the analysisftédEiveness and Implementation at the
participants' level (participants’ awareness artigfsation of WC).

Data Collection Instruments/Procedures

Employee onsiteanthropometric measurementsQuestionnaires

At each assessment event, employee height (basslipeand weights were measured
using standardized protocols by trained reseasfhatbaseline, 3, 6 and 12 months. The self-
administrated questionnaires collected informatinrdemographics, use of campus food

service, awareness and attitude toward Winner'sl€ifTotal kilocalorie intake, fruit, vegetable
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and saturated fat consumption were also assesséd bgBlock Food Frequency questionnaire
(version 1998) at baseline, 6 and 12 matiths®

Organizational-level measurements/Interviews

Prior to employee recruitment, campus key stakegdrslthterviews with the President,
Human Resource Director, Wellness Coordinator, €deand Vending Food Service
Managers and Facilities Managers were conductdtained research staff by phone or in
person at all campuses. The contextual variabiels as administrative, staff and faculty
members perceived importance of health promotiogram for employees, number of full time
employees, budget for health promotion programistexce of an Employee Wellness
Committees (EWC) and availability of physical aityifacilities on campus were collected
through the structured interviews originally adapi®m the Working Well Tridf> **® Campus
contacts were interviewed at baseline, 3, 6 anchd@ths. Items on this interview included
whether the entire Winner’s Circle program had badwopted, if individual elements of the
program had been implemented, assessed promosivatdgies that had been used to
communicate the program to employees, and percamwel@mentation barriers. Moreover,
trained staff performed an environmental scan et eampus to make direct observation of food
and physical activity-related programs, servicas$facilities. Specifically, food labeling,
education and availability of healthy food opti@isafeteria/snack bars (if applicable) and in
snack and beverage vending machines at each timetpmbtain objective measures of

program adoption and level of implementation of Wéris Circle.
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Measures

In order to evaluate the Winner’s Circle on publealth effects and feasibility, we used
four dimensions of the RE-AIM framework: “ReachEffectiveness”, “Adoption” and
“Implementation”. Maintenance was not assessehligstudy.

Reach was defined as the absolute number and piapof participants who used the
food services (i.e., cafeteria and/or vending nraes) at the participating community colleges.
The Reach was defined in a more practical way sscthe WC was an environmental
intervention, everybody who used the food servaresampus were exposed to the WC. The
characteristics of the employees who used the cargma services and the reasons why the
employees did not eat on campus were examined.

Effectiveness of Winner's Circle program was adsirdsat the participants' level and
defined as its main effect and interaction withitidividual-level WAY interventions in the
following behavioural and health outcomes: 1) cleaimghealthy eating (i.e., total kilocalorie
intake, fruit, vegetable and saturated fat consionpt2) change in weight. We hypothesized
that the effects of web-based weight loss progmadcash incentives on employee healthy
eating and weight change varied by the WC impleatent at the campus level, such that in the
campuses with WC implemented, the positive effetthe individual-level WAY interventions
on the participants' healthy eating/weight changeevstronger compared to those who were in
campuses where WC was not implemented during thedrith intervention period.

Adoption was measured at the organizational leseahfus) only and defined as the
absolute number, proportion and characteristicoofmunity colleges that implemented any

component of the Winner’s Circle over the 12 momhmtervention.
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Implementation was addressed at both the campakded the participants' level.
Implementation at campus level was defined asxkeneto which the community colleges
successfully implemented the components of the WAfisrCircle and was assessed by both the
campus contact self-reported implementation andadlve measures. Objective implementation
was assessed using the Campus Environmental Satmnardl rated on a four level scale by
using the following criteria: “no WC stickers” irdited no placement of Winners Circle stickers
on vending machines or in the cafeteria; “low” defl placement of Winners Circle stickers on
vending machines or in the cafeteria; “medium” aaded stickers in the cafeteria and on
vending machines or stickers in either the cafaterivending machines and at least one
additional activity; and “high” indicated the uskstickers on vending machines, and in the
cafeteria and one additional Winners Circle agtivifdditional Winner’s Circle activities
included the use of signs, posters, or pamphleth@program, or specials or promotions.

In addition, two objective implementation measuies, a 7-item “Education and
Labeling” index and a 10-item “Access to Healthy&bindex) were also created using the
Campus Environmental Scans data to assessedofugdabeling or education materials
including but not limited to WC-related educatiarddabelling materials were available as well
as an employee’s access to healthy food in cafeterdl vending machines. Because the two
indices were original and constructed by the ingesbrs, the measures were validated and the
interrater reliability were 100% and 94% for Edugatand Labeling and Access to Healthy
Food, respectively. Implementation at the paréioig' level was defined as the participants'

awareness and satisfaction with the Winner’s Circle
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Data Analysis

Descriptive statistics (percentages and means/stdrtbviations) were summarized for
the worksite and participants’ characteristicslogistic model with mixed effects was used to
compare the participants’ characteristics betwberfWC stickers in place” group and “no WC
sticker” group. The Fisher's Exact Test or WilcaxR@ank-sum Test was used to compare the
campus characteristics between the “WC stickeaoe” group and “no WC sticker” group for
the categorical or continuous variables (includindinal variables) as appropriate.

To understand research question 1-reach of Win@ride, the absolute number,
proportion and characteristics of employees whal tise food service (i.e., cafeteria and/or
vending machines) at the participating communitjeges were presented. The main reasons
why the participants did not eat in cafeteria weds® summarized among those who did not eat
on campus. Furthermore, we used a logistic modalwixed effects to examine the
relationship between eating on campus and age ggeratte, income, faculty (vs. staff) status,
and baseline weight.

To understand research question 2-effectivene¥éimfier’s Circle, only those who used
the food service at the participating communityeges were included in the analysis sample to
examine the effectiveness of Winner’s Circle. \Wted a 2-level Hierarchical Linear Model
(HLM) for the change in each of the healthy eatiagables as well as the change of body
weight at each time point compared to baselineclwhllows us to examine the interactions
between the placement of WC stickers ("No WC stigkes." WC stickers in place") and the
web-based intervention and incentives as well @s thain effects on changes in individual's
weight (or healthy eating). The web-based intetie@nand incentives entered into the HLM as

the individual-level factors and the placement of \&tickers entered as the campus-level factor
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which influences both intercept and slope of tHatienship between the individual-level
intervention and change of weight (or healthy egtirBaseline body weight (or healthy eating),
participant demographics (e.g., age, gender, sgigation) and the worksite characteristics
including number of full time employees, budgetliealth promotion programs, existence of an
Employee Wellness Committees (EWC) and availabdftphysical activity facilities on campus
were included as control variables in the HLMs rtkermore, we tested the null hypothesis that
the group mean of weight loss was not differentrifrizero in the six intervention groups: 1) WC
group with WC stickers in place, 2) WC +WEB grouphaVC stickers in place, 3) WC+WPI
group with WC stickers in place, 4) WC group with®C stickers, 5) WC+WEB group
without WC stickers and 6) WC+WPI group without Btizkers. The dummy variables of the
six intervention groups entered a 2-level mixe@&s model (no intercept) as the predictors of
the weight loss at certain time point to tegt Weight loss at certain time point within a given
intervention group=0. Multiple imputation (MIl) wased to handle the missing data. Ten
datasets were generated by assuming a monotonmgnilsga pattern and imputing plausible
values for the missing values via a Markov ChaimiéaCarlo (MCMC) algorithmi*’. The
combined parameter estimates from the separatgsasabf 10 datasets were then used for
hypothesis testing and inference. A completerg-anklysis was also conducted and compared
with the Ml method. Results were consistent acepgsoaches so we only report results from
the MI method here. Age was group-mean centerddiait-level variables were grand mean
centered to facilitate interpretation. Differeneesre considered statistically significant at
p <0.05.

To understand research question 3-adoption anceimmattation of Winner’s Circle at the

organizational level, descriptive statistics (patege and means/standard deviations) were used

90



to examine the presence of education and labebioggss to healthy food, workshop/technical
assistance the worksite staff utilized, stratethiey used to promote the Winner’s Circle
program among employees and barriers to implemgthi& Winner’s Circle program. The
Fisher's Exact Test was used to compare the eduncatid labelling as well as the access to
healthy food between campuses with and without \ilsBex's in place.

To understand research question 4-the implementatithe individual level, descriptive
statistics (percentage and means/standard desatiere used to examine participants’
awareness and satisfaction with the Winner’s Cipctegram. Statistical analyses were

performed using SAS Version 9.2.

4.3. Results

Participants Characteristics

Table 9 shows the baseline characteristics ofaatiqggpants (n=1004), as well as the
participants who used food services on campus @~6@mpared to those who did not (n=378).
On average, WAY to Health participants weighed 2@baunds, with a BMI of 33.6 kg/nThe
average age was 46.9 years, with the majority@stmple being female (82.2%), and White
(83.2%). Forty-six percent reported having an Agses or Bachelors degree, 42% reported
holding an advanced degree (Masters, Professioriabctoral degree). In terms of job
classification, 40.3% were faculty while 57.6% wetaff. Approximately half of the
participants fell within the $30,001-$50,000 incoraage. Moreover, among those who used
food services on campus (n=626), participants éi"tNC stickers in place" group were
compared to those in the "No WC stickers" grou2g8®). Overweight and obese employees

who ate on campus in the “WC stickers in place’ugrdid not differ from those from “no WC
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sticker” group in terms of gender, age, race, ba@seleight, income and faculty (vs. staff) status
(Table 8).
Characteristics of Community Colleges

Campuses employed an average of 280 full time eypplo(Table 10). The campuses
with WC stickers in place had greater administeaperceived importance to offer HPP to
employees (4.6, STD=0.5, 5-point likert scale) thase without WC stickers (4.0, STD=0.8, 5-
point likert scale) (Wilcoxon Two-Sample Test, S $=0.5). Half of campuses with WC
stickers in place (55.6%) had funding availabletealth promotion programs while only 16.7%
of campuses without WC stickers had funding avéelétr health promotion programs (Fisher’s
Exact Test, F=5, p=0.29).

All 17 (100%) participating campuses reported hgwnack and beverage vending
machines. Ten campuses (58.8%) had cafeteriadeyrg$17.6%) had short-order grills, 2
(11.8%) had snack bars where no prepared food valable and 2(11.8%) had vending
machines only. In addition, 14 (82.4%) of campusage gym facilities accessible to employees

and 47% had an active wellness committee.
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Table 9. Baseline characteristics of participantby use of campus food services and WC

implementation

A=B+E: All B=C+D: All C: Participants  D: Participants E:
WAY to Participants Used Food Used Food Participants
Health (n= Used Campus Services on Services on Did not Use
1004) Food Services =~ Campus with Campus with No Campus Food
(n=626) WC Stickersin  WC Sticker Services
Place (n=280) (n=378)
Group (n=346)
Variable % n % n % n % % n
Intervention
wcC 374 375 371 232 35.8 124 38.6 108 37.8 143
WC+WEB  34.9 350 32.6 204 275 95 38.9 109 38.6 146
WC+WPI 27.8 279 30.4 190 36.7 127 22.5 63 235 89
Female 82.2 793 81.4 493 84.2 283 77.8 210 83.6 0 30
Hispanic 1.4 13 1 6 0.9 3 11 3 2 7
Race
White 83.2 799 84.6 512 86.0 288 83.0 224 80.8 287
African 13.3 128 12.1 73 11.3 38 13.0 35 15.5 55
American
Other 3.4 33 3.3 20 2.7 9 4.1 11 3.7 13
Household
Income
$0 -30,000 29.2 255 29.9 166 29.6 91 30.1 75 812 89
$30,001 - 43.8 382 44.4 247 45.9 141 42.6 106 42.6 135
50,000
$50,000+ 27 236 25.7 143 24.4 75 27.3 68 29.393
Education
HS graduate 2 19 2 12 2.1 7 1.9 5 2 7
or less
Some 10 96 8.6 52 8.3 28 8.9 24 12.4 44
college/tech
school but no
degree
Assoc/Bach 46.2 445 49.3 299 48.7 164 50.0 135 41 146
degree
Post- 41.8 403 40.2 244 40.9 138 39.3 106 44.7 159
graduate degree
Job
Classification
Faculty 40.3 393 37.8 231 37.1 126 38.7 105 544 162
Staff 57.6 562 59.7 365 59.4 202 60.1 163 54.1197
Other 2.1 20 25 15 35 12 11 3 14 5
Full time 86.8 848 87.6 538 85.1 291 90.8 247 85.4 310
General Health
Rating
Excellent 6 51 6 36 6.7 22 5.1 14 6 15
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A=B+E: All B=C+D: All C: Participants  D: Participants E:
WAY to Participants Used Food Used Food Participants
Health (n= Used Campus Services on Services on Did not Use
1004) Food Services =~ Campus with Campus with No Campus Food
(n=626) WC Stickersin  WC Sticker Services
Place (n=280) (n=378)
Group (n=346)

Variable % n % n % n % n % n
Verygood  37.6 320 36.9 222 36.1 119 37.9 103 39.2 98
Good 43.1 367 42.4 255 40.6 134 44.5 121 44.8112
Fair 11.6 99 12.6 76 13.6 45 114 31 9.2 23
Poor 1.8 15 2.2 13 3.0 10 11 3 0.8 2

BMI Category

25.0-29.9 32.6 327 31.6 198 32.9 114 30.0 84 134 129
30.0-34.9 30.7 308 31 194 29.8 103 325 91 30.2114
35.0-39.9 20.4 205 20.1 126 21.4 74 18.6 52 920. 79
40+ 16.3 164 17.3 108 15.9 55 18.9 53 14.8 56
Mean SD Mean SD Mean SD Mean SD Mean SD

Weight (Ibs) 204.4 473 206 46.7 203.3 34.8 209.36.94 201.7 49.2

BMI 33.6 7.9 33.8 7.2 33.7 5.8 34.0 8.3 33.1 7.4

Age 46.9 121 46.3 10.9 46.5 8.3 46.1 135 47.7 9.9

Kcals/day 1907.6 893.8 19614 872.7 1941.8 668.5 841 1039.4 1796.4 826.8

Mean % from  39.9 7.3 40.1 6.4 40.0 4.0 40.3 8.3 39.6 7.6

fat

Fruit and 4.4 3.9 4.4 3.4 4.5 3.6 4.3 3.3 4.6 3

Vegetable

Servings

Walking 359.1 928.6 364.6 923.1 351.5 722.6 380.6 1086.31.834 525.1

(MET-

minutes/week)

Moderate 290.5 672.4 2925 645.1 264.1 632.7 327.0 544.3 1284 652.5

(MET-

minutes/week)

Vigorous 691.3 1144 670.1 990 677.7 1066.5 660.7 888.7 757.%191.6

(MET-

minutes/week)

Total physical 1334.7 2150 1314.2 1925.8 1285.9 1554.1 1348.9 .2235399.4 1765.8

activity (MET-
minutes/week)
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Table 10. Campus Characteristics by WC implementadn

wcC No WC
All (n=17)  Stickersin Stickers
Place (n=9) (n=8)

% % %
Intervention
WC 41.2 44 .4 375
WC+WEB 29.4 22.2 37.5
WC+WPI 294 33.3 25
EWC in Place 47.1 44.4 50
Funding available for HPP 40 55.6 16.7
Gym available to employees 82.4 77.8 87.5
Mean (SD) Mean (SD) Mean (SD)
Number of employees on campus *100ppl 2.8(1.5) 3.2(1.5) 2.4(1.5)
Administrative perceived importance to offer HPP to 4.3(0.7) 4.6(0.5) 4(0.8)
employees [5-point]
Administrative perceived interest of faculty in 3.6(0.7) 3.6(0.7) 3.6(0.7)
participating in HPP [5-point]
Administrative perceived interest of staff in participating 3.6(0.7) 3.6(0.7) 3.6(0.7)

in HPP [5-point]
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Reach

Of all participating employees, 62% (626/1004) mégad that they used the food services
(i.e., cafeteria or vending machines) on campus tiere reached by the Winner’s Circle
dinning program. As shown in Table 9, at baselowerweight and obese employees who ate on
campus (N=626) did not significantly differ fromoge who did not eat on campus (N=378) in
terms of gender, age, race, baseline weight, inaamddaculty (vs. staff) status. Among 626
participants who ate on campus, the average nuaflakrys per week they purchased food in the
cafeteria was 1.9 days/week (STD=1.2); the avenageber of days per week they went off
campus to purchase food was 2.1 days/week (STDal lfgseline. Among 378 participants
who did not eat on campus, the most cited reasondbeating in the cafeteria was there isn’t
enough variety of food to choose from (7.1%). @tieasons include there aren’t enough

healthy options (6.6%), the food is too expenst:&%) and the food doesn’t taste good (3.7%).

Effectiveness

Table 11 presents the effects of individual-leméérventions (i.e., WEB, WPI), WC
implementation (i.e., placement of WC stickersjvai as WEBxWC and WPI xWC effects on
individual changes in weight and healthy diet c2months among the participants who used
the campus food services (n=626) controlling falividual-level and campus-level
characteristics. The results also show that sty significant random variatiort)(in
participant’s weight (healthy diet) change betweelividuals was sustained with each
sequential model, meaning there is still significgariation in participant’s weight (healthy diet)

change that has not been explained by our models.
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We can explain the results of the reduced models (hain effects models or model a)
for weight change at 3 and 6 months because thestad| effect of WEB or WPI did not vary by
placement of WC stickers (i.e., the interactiomigmere not significant) controlling for the
individual-level and campus-level characteristisshown in the interaction models (model b).
As expected, the participants from the campusds WIC stickers in place lost more weight at 3
months (-1.1lb, SE=0.7) and 6 months (-0.3 Ibs, B&~compared to those from the campuses
without WC stickers, controlling for individual-leVintervention, participant characteristics and
campus-level characteristics. The main effect & ¥ 12 monthsE 3.1, SE=1.9) was not
statistically significant. Importantly, the inteteom of WP1 xWC significantly predicted
individual weight changes at 12 montlis (5.7, SE=2.9, P<.05), such that the positivectité
WPI on individual's weight loss was significanttyasmiger among participants from campuses
with WC stickers in place compared to those fromgases without WC stickers. On average,
participants who received WPI from campuses with 8ti€kers in place lost 2.6 Ibs (3.1-
5.7=2.6 Ibs) more than those who received WPI foampuses without WC stickers at the 12-
month follow-up. Although not the focus of this dyi the effects of WEB and WPI were also
manifested in model a - compared to the controligyparticipants lost significantly more
weight in the WPI (-6.0 Ibs, SE=1.0, P<.0001) anBB\Nntervention groups (-3.7 Ibs SE=0.9,
P<.0001) at 3 months and continued losing more Wteigthe WPI (-6.9 Ibs, SE=1.4, P<.0001)
and WEB groups (-3.2 Ibs SE=1.2, P<.01) at 6 moatinmspared to the control group as we
expected. Thus, the effect of WC did not produeéisttcally significant weight loss but its
interaction with WPI was significant at 12 months.

To further depict the interactions of WC and indival-level interventions, over time,

Figure 9 presents individual changes across timdifterent intervention groups with and
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without WC stickers in place. The figure showd thaaverage, participants in the WC+WPI
group achieved greater weight loss than the WC+VeB@BWC groups. Participants in the
WC+WPI group from campuses with WC stickers in pla@intained the leading role of weight
loss among the three groups and reported the gteaterage weight loss at the 12 months. On
the contrary, participants in the WC+WPI group froampuses without WC stickers did not
significantly lose more weight compared to the WGup at 12 months.

The results of the statistical tests qf Weight loss at certain time point within a given
intervention group=0 further confirmed the findingfsFigure 1. For campuses with WC stickers
in place, the average weight loss among particgemthe WC+WPI group was significantly
different from zero at 3 months (-3.2Ibs, P<0.00@lnonths (-3.8lbs, P<0.0001) and 12 months
(-4.8lbs, P<0.0001); the average weight loss anpamticipants in the WC+WEB group was
significantly different from zero at 3 months (-4, P<0.0001) and 6 months (-3.1lbs, P<0.01);
the average weight loss among participants in ¢éiméraol (i,e., WC group alone) was not
significantly different from zero at 3 months (-lb€§ P>0.05), 6 months (-0.9lbs, P>0.05) or 12
months (-0.3lbs, P>0.05).

For campuses without WC stickers in place, theayeweight loss among participants
in the WC+WPI group was only significantly diffetdnom zero at 3 months (-2.4lbs, P<0.05)
and 6 months (-2.6lbs, P<0.05). At thel2 monthisvicup assessment, the average weight loss
among participants in the WC+WPI group was no losggnificantly different from zero (-
1.1lbs, P>0.05); moreover, the average weightdossng participants in the WC+WEB group
or WC group alone was not significantly differerdrh zero at 3 months, 6 months or 12 months

if the campus has no WC stickers in place.
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Table 11 also presents the results of WAY intenesistand WEBxWC and WPI xWC
effects on healthy diet change at 6 and 12 montkofily collected information on participants'
diet habits at baseline, 6 and 12 months). Ovdfalchanges were in the expected directions
except the effect of WC stickers on total calopes day at 6 and 12 months, WEB and WPI
effects on total calories per day at 12 months,\&i&B effect on the percentage of fat intake and
servings of fruit/vegetables at 6 months. Nonthee effects or interactions of WEBxWC and

WPI xWC were significant in the changes of heakhting variables.
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Table 11. Multilevel, multivariate coefficients ($andard errors) from longitudinal analyses of weigh and healthy diet change

among the participants who used the campus food saces over 12 Months (n=626)

3 Months 6 Months 12 Months
Model a Model b Model a Model b Model a Model b
Estimate (SE) Estimate (SE) Estimate (SE) EstimatSE) Estimate (SE) Estimate (SE)
Intercept 0.5(2.1) 0.6(2.2) 3.0(3.3) 2.2(3.3) 4.0(4.1) 3.2)4.
WC -1.1(0.7) -0.5(1.1) -0.3(1.0) 1.8(1.6) 0.5(1.3) (3.9)
Weight WEB -3.7(0.9)*** -2.9(1.4)* -3.2(1.2)** -1.0(1.8) -4.3(5)* -2.7(2.3)
(Ibs) WPI -6.0(1.0)%* -5.4(2.1)* -6.9(1.4)* -5.1(2.0)* -64(1.7)* -2.9(2.5)
WEB*WC -1.9(1.6) -3.6(2.3) -2.9(2.9)
WPI*WC -1.1(2.6) -2.9(2.3) -5.7(2.9)*
Intercept 733.3(621.1) 752.1(621.6) 376.7(340.1) 402.3(Bb4.
wcC 32.7(115.9) 69.7(140.3) 59.6(99.0) 89.8(126.3)
Kcals/day WEB -165.0(141.6) -198.3(197.2) 25.6(93.9) -4.6(130.4
WPI -170.6(154.2) 16.2(193.9) 56.1(127.6) 174.6(147.1
WEB*WC 67.1(275.0) 35.3(183.9)
WPI*WC -315.0(226.3) -220.1(166.7)
Intercept 11.6(6.3) 11.6(6.4) 11.2(4.3)* 11.2(4.4)*
wC 0.0(1.1) -0.3(1.7) -0.2(1.1) -0.4(1.9)
Mean % WEB 0.6(1.4) 0.4(2.0) -1.1(1.3) -1.2(1.7)
from fat WPI -1.5(1.5) -1.8(2.1) -0.5(1.5) -1.2(2.1)
WEB*WC 0.3(2.6) 0.0(2.5)
WPI*WC 0.4(2.6) 1.1(2.6)
Intercept 1.8(2.2) 1.9(2.3) 2.8(1.7) 2.8(1.7)

_ wcC 0.3(0.5) 0.6(0.7) 0.5(0.4) 0.4(0.7)
\'j;‘g;;”b‘fe WEB -0.4(0.6) -0.4(0.9) 0.7(0.5) 0.6(0.7)
Servings WPI 0.6(0.7) 1.3(0.9) 0.9(0.5) 0.9(0.8)

WEB*WC -0.1(1.0) 0.3(1.0)
WPI*WC -1.3(1.1) 0.0(1.0)

*:P<0.05 **: P<0.01 **:P<.0001
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Figure 9. Means of weight loss trajectories by imtrvention and WC implementation among participantswho ate on campus

(N=626)
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Adoption

Seventeen out of 59 community colleges (17/59,%8i8 North Carolina were
enrolled in WAY to Health study. The enrolled eglés and employees in these enrolled
colleges were similar to (and thus generally regm&stive of) the larger sample of
community colleges in the North Carolina systencdbed elsewhefé. Briefly, we
used available summary data on campus-wide empleyeédemographics to examine
the representativeness of study sample (e.g. tipadicipating colleges were compared
to aggregate data from employees within the at&@®munity colleges). Employees at
participating campuses were similar in gender mpKéd.1% vs. 62.7% females),
percentage of African Americans (20.3% vs. 17.1&a6) education level (master’s
degrees: 37.0% vs. 34.6% and doctoral degrees: %s0%3%) to the overall employee
population. Characteristics of all employees atipgating colleges (data available for
16 of the 17 enrolled campuses) were comparedo&etbf all employees of the 32 non-
participating colleges who completed the initiah®&y. Participating campuses were
more likely to have an employee wellness commitia&'C) in place than were non-
participating campuseg’(= 3.60, p = 0.06), but no other important differes were
observed?'.

Initially, the representatives from 12(70.6%) conmityicolleges attended the 4-
hour face-to-face training session that was pralatethe study kick-off event by project
staff. The project staff traveled to five commuyrablleges that did not receive the WC
training at the kick-off event to provide a 100%séline dose of intervention on WC.
After the training, two conference calls and onairraining/booster session were

offered to facilitate discussions, problem-solvd amotivate the community colleges to
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take action. But only 7 (41.8%) and 2 (11.8%) camity colleges were represented at
the two conference calls, respectively. Five (28.4ommunity colleges took part in the
mini-training/booster session.

Over the 12-month period all 17 campuses (100%ptedioat least one part of the
Winner’s Circle program. 9 campuses placed Westigin either the cafeteria or
vending machines; disseminated any signs, postepgmphlets on the WC program; or
offered specials or promotions related to healtodfoptions. However, 8 campuses did
not place the WC stickers in either the cafeterimemding machines. Although we did
not explore the specific reasons why some campuogaemented the WC stickers while
some did not, the barriers for the implementingWh@ are described in the following
section “Implementation”. Mandating point-of-salatmitional information for customers
could combat increased portion sizes and decreagetional value of fast-food and
cafeteria/restaurant meals as eating out becorg@ger part of US food consumpti$h
This information might enable consumers to makerimed dietary decisions. It could
also encourage cafeterias and restaurants to mibeifiyingredients and menus to

provide greater healthy and nutritious food andelbage options to their customers.

Implementation

Level of implementation varied greatlyass the campuses. Two campuses had
implementation that was categorized as “high”, ¢htampuses were rated as “medium”
implementation level, four campuses were rated“&® level of implementation and 8
campuses were rated as "no WC sticker". In thidystwe focused on the difference

between the campuses (N=8) that were categoriz&ubad/C sticker” and all other
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campuses with “WC stickers in place" (N=9). A camngpon of campuses with WC
stickers in place (N=9) and no WC sticker (N=83h®wn in Table 12. There’s a trend of
slightly increased education/labeling and acce$e#dthy food over time. However, the
change is very small. In general, the level ofaadion and labeling and access to healthy
food were greater among campuses with WC stickeptaice than those without WC
sticker; but the difference did not reach the stafal significance. Moreover, 3 (37.5%),
1(12.5%) and 3(37.5%) of campuses with WC stickepdace increased both nutrition
education/labeling and access to healthy foodseaBt 6 and 12 months; only 0(0%),
1(12.5%) and 0(0%) of the campuses without WC stiEkncreased both nutrition

education/labeling and access to healthy foods @aBd 12 months (Table 11).
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Table 12. Campus Level Implementation of WC

Nutrition Education and Labeling index [7-point;mean

(SD)]
Baseline

3 Months
6 Months

12 Months

Access to Healthy Foods index [10-point;mean (SD)]

Baseline
3 Months
6 Months

12 Months

Nutrition Education and Labeling increased [%]

3 Months

6 Months

12 Months

Access to Healthy Foods increased [%]
3 Months

6 Months

12 Months

Both Nutrition Education and Labeling and Access to

Healthy Foods increased [%)]
3 Months

6 Months

12 Months

WC
Stickers in
Place (n=9)

0.3(0.8)
0.9(0.9)
0.2(0.4)
1(1.4)

4.9(3.1)
4.5(2.2)
4.5(2.2)
4.7(2.2)

62.5
25
50

50
37.5

62.5

37.5
12.5

37.5

No wWC
Stickers
(n=8)

0.3(0.7)
0.3(0.7)
0.4(0.7)
0.3(0.7)

2.4(2.6)
2.9(2.9)
3.6(3.1)
3.1(2.8)

12.5

37.5
62.5

50

12.5

All
(n=17)

0.3(0.8)
0.6(0.9)
0.3(0.6)
0.6(1.2)

3.6(3)
3.8(2.6)
4.1(2.6)
3.9(2.6)

31.3
18.8

25

43.8
50
56.3

18.8
12.5

18.8
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Self-reported by the campus contactaajority of community colleges
implemented at least one part of WC. Overall,itmglementation of Winner’s Circle
increased over time. Overall, community collegesenmore likely to adopt nutrition
labeling and education materials than increasingsto healthy foods. For example, at
the 12-month follow-up, 67% community colleges népd that they had healthy foods
labeled and identified, 53% had placed signs oergphint materials to promote healthy
foods; while only 27% had healthy foods promotiond 27% added more healthy food

choices to the menu (Fig 10).
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In terms of utilization of technicsistance available to implement the
Winner’s Circle, a majority of community collegesugiht help from WAY to Health
project staff (35-75%) over time, but other resesrincluding the outsider experts like
North Carolina Prevention Partners or State Hdaépartment staff, community
resources, booster conference calls were undeediliFig 11). Campus contacts
reported that the community colleges used signgpasters in the cafeteria/vending area
(67%), campus-wide emails (60%) and articles inasmewsletters to promote WC
(33%). The top 3 barriers to implementing the Virs Circle as reported by the
campus contacts were: 1) it was not viewed asaipyrifor the vendors of
cafeteria/vending machines (60%); 2) there wasme &available for staff to implement
(40%); and, 3) Winners’ Circle was not viewed asiarity for the employees (27%).

During the 12-month intervention peki 90% of campus contacts believed that
the WC would help employees make healthier foodogsowhile at work; 85% believed
that the WC would help employees lose weight; 8@&leled that the Winners Circle
Program would help employees who lose weight keeff (or for healthy weight

employees — to maintain a healthy weight).
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Figure 11. Utilization of Technical Assistance tdmplement the Winner’s Circle

Among campuses with WC stickers in place, 31.6%noployees who used the
campus food services recalled that the Winnersl€Dining Program was in place at
his/lher community college at the 3-month follow-38;1% and 50.9% of employees
were aware of the Winner's Circle Dining Prograrplecce at the 6-month and 12-month
follow-up, respectively. Furthermore, the propamtof employees who said healthy
foods were identified or labeled in the cafeteriaending machines on campuses with
WC stickers in place increased from 40.5% at timeoBth follow-up to 42% at the 6-
month follow-up and 57% at the 12-month follow-ugifty-seven percent and 35.1% of
the employees indicated that healthy foods wereléabon their cafeteria menu and
vending machines using the Winner's Circle logspeetively. However, only 0.9% and

1.9% of the employees indicated that the discoantswer prices were available for
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healthy foods in their cafeteria or vending mackiaethe 3 and 6 months, respectively.
About a third (29%) of the employees reported thate was a Winner's Circle
"manager's special” featured in their cafeteriarty=eight percent and 32.5% of the
employees sometimes, often or always purchased teat have the Winner's Circle
logo in the cafeteria/snack bar and campus vendiachines, respectively. Some
employees reported that they never purchased itethg cafeteria/snack bar (12.5%) or

campus vending machines (17.9%) that have the Was@é&cle logo.

From campuses with or without WC stickers in pldabe,majority of participants
(89.1%) thought that the Winner's Circle Dining ghaom “To a lot extent” (64.6%) or
“To some extent’(24.5%) helped employees make hiealfood choices while at work.
The employees were also positive about helpfuloéfse Winner's Circle Program in

helping employees lose weight (88.3%) and mairdaiealthy weight (89.3%).

4 .4. Discussion

The purpose of this study was to evaluate the Wigii@rcle Dining program - a
minimal-intensity worksite-based environmental magstion —and its effect alone as
well as in combination with a web-based intervemiitus financial incentives in a three-
arm trial Because all community colleges were offered WC sthidy also serves as a
natural experiment to monitor the uptake of thegpan and its implementation over
time.

Sixty-two percent (62%) of employees reported thay used the food services
(i.e., cafeteria or vending machines) on campus Were reachable by the Winner’s

Circle program. The average number of days pekesy went off campus to purchase
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food was only 2.1 days/week (STD=1.6) indicating fibod services on campus can
potentially influence employee’s healthy eatingdebrs for several reasons. First,
because adults spend up to 60% of their workingshatthe worksit&sit is possible to
reach a significant proportion of US adults at wo8econdly, workplace environmental
modifications are experienced by nearly everyong worksite, not just highly motivated
individuals who are interested in a health promopoogram. Third, because of the fact
that environmental and policy changes representciast options for promoting weight
loss among employe¥8 employers may be willing to invest in these iméstions.

The WAY study is testing intervention components.(iWC, WC+WEB and WC
+ WPI). The WC was made available to all partitimpcommunity colleges, including
those who received WEB and WPI. The usual care(#/@ only group) served as the
“control” group of the study. In the WAY study, wié& not expect WC to produce any
effect on weight loss (primary outcome) in a 12-thgoeriod, however, it remains
important to test its potential effects and intéacwith the individual-level
interventions not only for evaluating the Winne€scle but also for better understanding
the effects of the individual-level interventionsdeoverall weight loss outcomes.

The main effects of Winner’s Circle on employeesahhy eating outcomes or
weight were not statistically significant. And significant interaction of WEBxWC or
WPI xWC was found in the changes of healthy eatumgomes at the 3 and 6-month
follow-ups. However, implementing WC program at ttampus level (which we
indicated by having placed stickers on healthy foptions) significantly enhanced the
effects of the individual-level intervention “WP(i’e., web-based weight loss program

plus incentives) on individual weight loss amongipgants who used campus food
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services at 12 months. Surprisingly, the data guotivat participants who were exposed
to the WC program via healthy food labels (i.eaggiment of WC stickers) benefited to a
statistically significant greater extent from thd®Whtervention at 12 months. On
average, participants who received WPI from campusth WC stickers in place lost
2.6 Ibs more than those who received WPI from caapwithout WC stickers at the 12-
month follow-up. Moreover, the results showed faable interaction effect with the
WEB intervention on employee weight at 12 months,this result did not reach
statistical significance.

As suggested by our findings, interventions thatipce both great environmental
(e.g., nutrition labeling and education) and indual level changes might have a better
chance of succeeding than would interventionsgh@anote only environmental or only
individual level change, which is consistent witidings of previous research- combined
interventions offering environmental and policy obas in combination with individual-
level strategies have the most promise for encangdaealthier behaviors among
employee¥. Although the campus food services only repreaesthall part of the food
environments for employees, it's not only aboukeasdo healthy food in the
cafeteria/vending machines, it can also increasawareness of healthy food options,
educate the employees and identify the healthydodde more they learned about the
benefits of healthy foods, the more likely they Wabchoose the healthy foods in their
daily life, thus changed their eating behaviorsmlg the workplace. In addition, the WC
program received positive feedback from both cangmnsacts and employees, showing
its potential in helping employees make healthoedfchoices while at work, lose weight

and maintain healthy weight.
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The initial training at the study kick-off event svevell attended and well received
by those in attendance. But the number of commwaileges participating in the two
conference calls and the mini-training/boosterisessas relatively low and decreased
over time. It shows that the initial WC trainingsvsuccessful and was a good start for
the program; but more resources are needed to exgmtull participation. In fact,
several CC’s requested specific onsite consultdbotheir food service staff on how to
implement WC but the study had not budgeted fdored trainings beyond what was
offered initially and via conference calls. Futgtadies may want to budget additional
onsite training to enhance program implementatftorts.

After the introduction and training into the prograall community colleges
adopted at least one aspect of the program togeaacess and highlight healthy foods.
Comparison of worksite characteristics of WAY stuwdynmunity colleges to all
community colleges in North Carolina suggests thatfindings are generalizable. This
also reflects that the presumptions about thetegsilof the community colleges to carry
out the WC program were appropriate. The inteieantvas successfully adopted by
community colleges that were similar to the tagggtulation except that the participating
community colleges were more likely to have an eryygé wellness committee (EWC) in
place than other community colleges in North CamnliEWCs help create a health-
supportive environment by offering encouragemergdgramming and advocating for
policy changes in the workplace. The PACE prdfeet multilevel intervention to
promote activity and changes in eating that inalLaerksite-wide events implemented
in partnership with EWCs which successfully acheeebanges in the physical activity

and nutrition information environments. In futwteidies, adoption could be enhanced by

112



involvement of EWC in program implementation efépraicknowledgement and
communication of the value of workforce health arelbeing to the organization and
better documentation of cost of the staff and othsources.

The WC included activities designed to create emwirental changes (e.g.,
nutrition labeling and education and increased sste healthy foods). This was a
voluntary activity on the part of participating comnity colleges and as such, served as
a natural experiment to see how many of the seeardtemmunity colleges would
successfully adopt and implement WC with minimairting, technical assistance and
support. Just over half (9/17) of the communitijeges placed WC stickers on foods in
the cafeteria and/or vending machines over a 12timperiod. In environmental
interventions to improve nutrition, many uncontablle factors contribute to the
heterogeneity of intervention implementation inahgdcommunity involvement,
financial support and worksite contd%t The Winner’s Circle was designed for high
dissemination and easy adoption, to be implemenigdminimal amount of work and
dedication by campus officials. However as evigehitom our results, challenges
remain to getting this program fully implemented.

The key barriers reported by campus contacts irechald a priority for the
vendors of food services or employees and no twadable for staff to implement.
Much of the WC intervention was delivered by comiuoollege staff whose
availability and commitment to the WC program detiees the level of implementation
on campus. Intended WC components not fully implee were placement of WC
stickers and healthy eating options in cafetexdsch relied heavily on food services

staff. Their commitment to employee healthy dieflected in nutrition information

113



signage and actions to increase access to healllg fis critical. Additionally, several
sites hired vendors to provide food service solehgks existed when the
implementation of WC was not in the contract. dme cases, the new contract did
include some healthy changes, but that occurred #fé intervention period and so was
not documented during our data collection period.

In our study, also found in two other studfe® community colleges are more
willing to implement nutrition labeling and eduaatithan increasing access to healthy
foods. Perhaps providing evidence that these @sawguld not adversely affect profit
margins is needed before implementation can beesgtid. Creating employee demand
via promotions or discounts on healthier optiony @lgo improve implementation of
healthy food labeling and improved access to hgdttbds in cafeteria or vending
machines.

To ensure the sustainability of the interventioms essential to ensure that
worksite representatives (HR and/or food serviasqenel) receive adequate training,
support, and recognition. Lack of time for tramiand limited recognition may explain
some of the challenges worksites experienced mitiementing WC. For example, most
food service staff could not attend trainings whsyd was to be prepared on campus —
no staff to take their place. Future large-scalgé pvograms could include additional
onsite booster trainings for worksite represenéstiespecially food service staff on how
to overcome barriers, recognize successes, netmittlother worksites, and develop
action plans to institutionalize the program.

Given the study design of the WAY study (WC wawedras the usual care), we

offered the participating worksites the WC prognaith access to a minimum amount of
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training and technical assistance/support. In tineré, employers considering the
Winner’s Circle Dining program should examine hongamizational context (e.g.,
centralization vs. decentralization, number anesypf roles people play, span of control
for managers, organizational "discipline” and "cooenpetencies”) and real-world
constraints may influence differential implemerdatacross sites. More evidence-based
approaches are needed that accounts for the Isaofiflniese types of programs.

From the employee’s point of view, awareness alldGtincreased over time.
The proportion of employees who recalled that Igdibods were identified or labeled in
the cafeteria or vending machines increased frofa%@t 3 months to 57% at 12 months
among those who used the campus food servicestiremampuses with WC stickers in
the cafeteria and/or vending machines. Forty-gogihtent employees reported
purchasing items with the Winner's Circle logohe tafeteria/snack bar; while fewer
(32.5%) purchased items that have the Winner'd&Cliogo in the campus vending
machines. Dumanovsky and his colleagues assesasdmer awareness of menu
calorie information at fast-food chains after thi#aduction of New York City's health
code regulation requiring these chains to dispteyfitem calories on menus and menu
board$’ Six months after all regulated fast-food chastaurants in New York City
were required to post calorie information, and ithe after full enforcement (including
monetary fines) was in place, 72% of customerbatl6 fast-food chains reported seeing
calorie information, and 27% of these customerd gey had considered that
information when making their food choices. Théhaus argued that the substantial
publicity that accompanied New York City's caldabeling efforts increased awareness.

In any case, the data reported in the current studgest that labeling at the point-of
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purchase has a substantial impact on employee aess@nd use of nutrition
information to make informed decisions on food hases.
Strengths and Limitations

The strength of this study is that it took placeommunity colleges — similar
types of worksites and having similar interventexposure that allowed for the natural
experiment — an ability to study the adoption anglementation of WC over the 12-
month intervention period. Another strength isféne that we have assessed the effects
of WC on both the primary (weight loss) and secoydaealthy food purchase, diet)
outcomes using all available longitudinal data étag, 3, 6 and 12 months). Third,
randomized controlled trials (RCT) are the mosbmgis way to evaluate the
effectiveness of interventiéh However, because of their multifaceted natuk an
dependence on social context (e.g., social noratsalsenvironments, policies), complex
interventions pose methodological challenges onitoiong and assessing the effect of
interventiof”. Although WAY project is a RCT, WC has been defad to all 17
community colleges as a usual care. Unlike WEB &1Mhe nonrandomized design of
WC does not allow us to take advantage of RCT.Algh comprehensive evaluation
plans for RCT are available to practitioners, frameks for developing a comprehensive
evaluation for interventions like WC with a nonrantized design are less comnon”

On the other hand, several limitations are notdwortirst, we acknowledged
the selection as a major threat to the internatlitglwhen examining the effectiveness.
Without randomization, it is unclear if there wepgecific circumstances at the worksites
that were responsible for the effectiveness oM@ program. Systematic difference in

participants or worksite characteristics can biasfmdings. Luckily, we did not find
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significant difference in the participants or watksharacteristics between the WC
stickers in place group and no WC sticker grouprédeer, even with randomization, we
cannot 100% guarantee there was no more or lesg gaiin worksites/cafeterias across
the intervention groups during the interventioniqerIn addition, we controlled for the
potential confounders at both organizational (administrative perceived importance of
HPP, funding for HPP, presence of EWC and acceggrtoon campus) and individual
level (i.e., participants demographics) in the meddowever, there might be other
unmeasured factors that confound the relationséiywden WC and weight loss. For
example, social support from family and friends &adous food environments including
labeling, educational information, availability apdce of healthy foods at supermarkets,
grocery stores, home, restaurants, worksite caédstand so on. Secondly, the use of
multilevel models compromised the power of the gtdide to the limited number of
clusters (N=17). Limited sample sizes also produo® power to test the significance
of main effects, interactions, direct and indireffects. Another limitation of this study

is that data was not available to assess maintenartbe WC program.

4.5. Conclusions

A striking paucity in the worksite-based weightdastervention literature is the
role that the worksite environment plays in inflaeg employee health behaviors. A
reductionistic scientific paradigm oversimplifiesatity in the quest to isolate efficacious
treatments. In WAY to Health project all 17 comntymolleges, including those who
received WEB and WPI, were encouraged to make fusppmrtunities to implement WC
program but it was completely voluntary after thigial training. Our study rigorously

tested the reach, effectiveness, adoption and mga¢ation of the environmental
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intervention (Winners Circle Dining Program) andiindual-level interventions on
individual employee eating behaviors and weighhgeausing a “real-world” approach.
Only by empirically testing the effects of the eovimental change, will we have solid
answers to whether it works and gain worksite podicd environmental supports to
implement these programs for employee wellness.data did not support the
hypothesis that placement of Winner’s Circle stisk@lone have substantial impact on
employee’s weight or healthy eating behaviors i2anonth period. But it can probably
enhance the effects of individual-level intervenipthus, not appropriate to be used as
the usual care in a weight management researci. sidditionally, Winner’'s Circle has
the potential to be adopted, implemented, and @eddyy both the employers and

employees.
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CHAPTER 5: UNDERSTANDING PATHWAYS TO WEIGHT LOSS AM ONG
EMPLOYEES ENROLLED IN THE WAY TO HEALTH WORKSITE-BA SED
STUDY

5.1. Introduction

Obesity is a major public health problem in the Ulfat is associated with a
variety of diseases including but not limited taloktes, cardiovascular disease, injury
and diminished immune response. The latest pregaland trends in obesity data show
that in 2009-2010, 68.8% of US adults were overivgigf whom 35.7% were obése
Energy balance, which refers to the relation ofahmunt of utilizable energy taken into
the body to what is employed for internal work,ezrtal work, and the growth and repair
of tissues, depends on eating behaviors and physitaity (PA) and is crucial to
achieving and maintain a healthy body wetghGaining a better understanding of the
pathways through which interventions positivelyuehce eating and physical activity
among overweight and obese adults is warranted.

The workplace is a promising setting for promotimeglth via health eating,
physical activity and/or weight loss progrdimé > !> Groeneveld,|.F et al. conducted a
systematic review of lifestyle-focused intervensiat the workplace and recommended
that researchers summarizing the results of wedgisttrials should also report lifestyle
changes achieved in addition to body weight chatgegsain better insight into the

mechanisms that lead to desired intervention ouéspsuich as weight Id8s Although
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there are some exceptions, few studies have igatst the mechanisms of weight loss
in worksite-based interventions. In recent yetirs,science of health behavior change
has increasingly emphasized the use of theoryftorimand test interventions because
theories often inform us on how interventions wbykidentifying underlying
mechanisms, thus providing more proximal targetistefvention (i.e., mediatorsy.
Prestwich (2012) examined behavioral intentiorf;s#icacy, social influence and
perceived enjoyment as potential mediators of ffeets of a worksite planning and
partner-based intervention upon physical activitgrassix months, but the mechanisms
underlying the effects of the intervention were detr, as there were no significant
mediators in this stud{’. In a 12-month physical activity workplace intention,
Plotnikoff et al. examined the mediation effectddfpsychosocial constructs across 3
major social-cognitive theories which were operaied for the intervention
material$’>. Of the 14 constructs, two positive results weemtified (i.e., pros of
physical activity, experiential processes) withywsemall effect sizes. To summarize,
there are very few methodologically rigorous stadm@establish the mechanisms
underlying the positive intervention effects of w&ite-based weight loss programs.
The Social Cognitive Theory (SC')suggest that self-efficacy or the confidence
in one’s ability to maintain healthy eating and Blbgl activity would be two important
psychological precursors to healthy eating, physicavity and therefore, for weight loss
among overweight and obese individuals. Accordingrevious mediational research,
self-efficacy for selected eating behaviors andsptaf activity are believed to be
critically important for explaining healthy eatiagd Physical activity**° It has been

suggested that self-efficacy related to eating@ngical activity may result in weight
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change by changing eating and Physical actfityBased on this theoretical
underpinning, we will examine the eating and phaisactivity self-efficacy as pathways
in the association between WAY interventions, lgadiating, physical activity and
weight change.

A second potential psychological factor of intengben exploring weight loss
mechanisms is found within self-determination tyg@DTY°. SDT details the
motivational basis for self-regulation of human &ebr and focuses on the concept of
autonomy’®. Autonomous motivation for lifestyle change iraties that people
experience a sense of choice and volition aboldaviahg a specific recommendation.
Controlled regulation, in contrast, indicates thabple feel pressured or coerced by
themselves (intrapersonal control) or others (pe#esonal control) to follow a specific
recommendation. Internalization is the processutin which motivation becomes more
autonomous. An increase in autonomy over timeaesfl@ternalization and is expected
to result in sustained healthy behavi@r Figure 12 provides a visual representation of
the continuum of Internalization. Further, autormw$ forms of motivation were found

to be associated with changes in physical actidiigt and BM?® 76177

Controlled Motivation Autonomous Motivation

Internalization

v

Feeling pressured or coerced
by themselves (intrapersonal
control) or others
(interpersonal control) to
follow a specific
recommendation

Experiencing a sense of
choice and a sense of

volition about following a
specific recommendation

Figure 12. Continuum of Motivation Internalization
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Both SDT and SCT start with the same basic assomgtumans are naturally
oriented toward growth, health and well-being. SiaE identified three psychological
needs (i.e., Autonomy, Competence and Relatedogsisal to supporting the process of
internalizatiori’”®>  The most noteworthy conceptual overlap and siityl between SDT
and SCT is that one of the three psychological s&@&DT -competence- is related to
self-efficacy in SCT. Indeed, perceived competaadacilitated by autonomous
motivation. Once individuals have a high willingseo act, they are more likely to gain
new knowledge and apply new strategies that r@sglteater perceived competence.
SDT predicts that perceived competence alone isuftitient to motivate behavior; it
must be accompanied by autonomy. Mediators Lggnomy motivation, as well as
self-efficacy for physical activity and healthy ieg) identified through SDT and SCT
may help clarify the processes by which a workisased weight loss intervention is
efficacious. Research on mediation or path anaigsneeded to better understand the
mechanisms through which the worksite-based weédagistintervention works.

The WAY (Worksite Activities for You) to Health Sty was a three year, three-
group, randomized and controlled intervention tesigned to test three different types
of support for employee weight loss: environmentange; web-based weight loss and
cash incentives. The final results showed sigaiftantervention effects in participants’
weight at the 12-month follow dp This study will focus on understanding the
mechanisms that led to the individual-level effemsduced by the web-based weight
loss and cash incentive interventions of the WA¥&alth study.

To establish the temporality, we used the longitatidata to examine the

research questions -whether interventions changehpkgical factors at 3 months (T2),
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lead to diet/PA change at 6 months (T3); and teads to weight change at 12 months
(T4). It's particularly important for us to spegithe time sequence of the variables using
the longitudinal data. For example, it could be’srhealthy eating behaviors changed
his/her self-efficacy to maintain a healthy dietvé don’t specify the time sequence of
the variables. Furthermore, the mediational amalysing the longitudinal data is
preferable according to Selig and Preatfiéor several reasons. First, the causal
relationships implied by the paths in the mediatiwodel take time to unfold. Second, it
is well known that conclusions based on a causaainthat omits a key predictor can be
seriously in error, yet a model based on crosdesedtdata leaves out several key
predictors—namely the variables measured at prewiowes. When previous levels of
the variables are not controlled for, the paththenxmediation model may be over- or
underestimated relative to their true values. d;heffects unfold over time, and we
would not expect the magnitude of a causal effecemain the same for all possible
intervals. The application of the mediation maetross-sectional data assumes not
only that the causes are instantaneous, but asahth magnitude of the effect is not
dependent on the length of time that elapses bettbeemeasurements of the variables.
The following hypotheses were tested in this study:

Hypothesisl: The participants who received the individualelieWAY
interventions had higher level of autonomous matiwentrolled motives, physical
activity self-efficacy and/or healthy eating seffieacy than those who didn't at 3
months.

Hypothesis 2: The participants with higher levehatonomous motives and/or

physical activity self-efficacy at 3 months hadtweg level of physical activity (i.e. total
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physical activity MET-minutes/week) at 6 months.

Hypothesis 3: The participants with higher levehatonomous motives and/or
healthy eating self-efficacy at the 3 months haalthesr eating habits (i.e., total calories
intake, fruit/vegetable consumption and proportibalories intake from fat) at 6
months.

Hypothesis 4: The participants with higher levepbisical activity and/or
healthier eating habits at 6 months achieved gresgyht loss at 12 months.

Hypothesis 5 (to link the Hy1-4 and form an ovelad) mediational hypothesis):
The effects of WAY interventions on weight change partially accounted for by

autonomous motives, physical activity self-efficanyd/or healthy eating self-efficacy.

5.2. Methods

Study Design

Seventeen community colleges were enrolled in tAer\8tudy and randomly
assigned to one of three interventions: Usual Eargfonment Only (WC),
Environmental +Web-based Weight Loss Program (WCHB)Y&r Environmental +
Web-based Weight Loss Program + Financial InceatiVéC+WPI). The first
intervention is an environment-only program calieel “Winners’ Circle Dining
Program”(WC), which attempts to identify and prombealthy food options, to educate
consumers about the benefits of choosing healtbgs@nd to increase access to healthy
foods at work. As the usual care, WC was offecedllt17 community colleges. The

impact of WC on participant’s weight was hypothesdizo be the same across three
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intervention groups during the 12-month randomizewtrolled trial. A comprehensive
assessment of the WC in the WAY study has beerrideddn Chapter 4.

The second intervention adds a web-based weightdiosyram to WC. The web-
based program developed by Dr. Deborah Tate ahebgples offered weekly nutrition,
exercise, and weight loss tips, as well as interachessage boards and participant
surveyé® % Tate's evidence-based web-based weight lossamdy ®>**was adapted
for use in the workplace and was designed to inftegpsychological factors which may
include autonomous and/or controlled motives (theseare believed to be positively
correlated’), and self-efficacy related to healthy eating phgisical activity among
participants.

The third intervention offered WC plus the web-lthpeogram and cash
incentives for those who lost weight. Financiaentives were expected to increase
participant’s autonomous and/or controlled motiwati However, it can have negative
consequences if experienced as controlfingherefore, it is important to distinguish
between autonomous and controlled mofi{&Bhese changes in psychological factors
are believed to influence positive change in emgéolgealthy eating and PA, key target
behaviors of the WAY interventiofis". Ultimately, healthy eating and improved
physical activity is believed to help overweightésk employees enrolled in the WAY to
Health weight loss study to lose weitfhtA conceptual model visualizing the
mechanisms through which the individual-level iagsttions (i.e., WC+WEB,

WC+WPI) worked is shown in Fig 13.
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Figure 13. A conceptual model of the mediationaktgdy of WAY interventions

Sample

Total 1004 overweight and obese employees fromoiaunity colleges in
North Carolina participated in the WAY project azwimpleted the surveys and
anthropometric measurements at baseline, 3(reterdte=72%), 6 (retention rate=70%)
and 12 months (retention rate=70%)igibility criteria included being at least 18 ysa
of age, working at a participating community codgither full or part-time) and having
a body mass index (BMI) greater than 25kgParticipants who were pregnant or

lactating, had Type | diabetes, had recent weiggtd bf 20 Ibs. or more, were currently
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taking weight loss medication, had either undergomscheduled weight loss surgery,
had experienced a malignancy requiring chemothéraghgtion in the past 5 years, or
who lacked Internet access either at home or at were excludedThe recruitment
results and baseline characteristics at the colageemployee levels are described
elsewher&.
Measures and Data Collection

At each assessment event, height (baseline ontyyva@rghts were measured
using standardized protocols on all participantsastline, 3, 6 and 12 months. The self-
administrated questionnaires collected informatiordemographics, physical activity,
healthy eating, motivations to participate in theight loss program and self-efficacy of
physical activity and specific eating behaviors amie administered onsite after the
anthropometric measurements were takidail or email reminders were sent to each

enrolled employee 1 week and 1 day before the stbeédveigh-in measurement event

Body Weight

Weights were measured using standardized protocos! participants in casual
street clothing, without shoes, on a calibratedtedaic scale (Tanita BWB-80@nd
roundedto the nearest 2/10of a pound at baseline, 3, 6 and 12 months. The
anthropometric measurements were conducted bynedraesearch assistant in a private
room so that participant privacy was protected.
Healthy Eating

Total calories intake, fruit/vegetable consumptmal proportion of calories

intake from fat were assessed onsite by Block Feredquency questionnaire (version
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1998)3" 138 This 110 food item questionnaire is designeas®ess nutrient intake levels
as well as specific foods and food groups (e.gitdy vegetables, meats) over extended
periods. It takes 30-40 minutes to complete. Do list for this questionnaire was
developed from the NHANES Il dietary recall datBhe nutrient database was
developed from the USDA Nutrient Database for SaatidReferenceThe reliability
coefficients for total calories, fruits and vege¢asband total and saturated fat are 0.74,
0.84 and 0.72, respectivély
Health Eating Self-efficacy

Health eating self-efficacy was assessed by thehV&fficacy Life-Style
Questionnaire (WEL) as part of the employee suadyinistered online or at the onsite
assessment. Subjects were asked to rate theideané about being able to successfully
resist the desire to eat using a 10-point scalgimgrfrom O (not confident) to 9 (very
confident). A principal components analysis regda five-component solution for the
20 items (4 per component) by two different methofddetermining the number of
components to retain (Velicer's, 1976, minimum agerpartial procedure and Horn's,
1965, parallel analysis method). The componemNagative Emotions, Availability,
Social Pressure, Physical Discomfort, and Poshietevities. Scale scores were
computed by summing the 4 items for each of the $ikales. The Cronbach alpha
coefficients of internal consistency ranged fro@ f@& the Social Pressure scale to. 70
for the Positive Activities scal&" 142
Physical activity

Physical activity was assessed by the InternatiBhgbical Activity

Questionnaire-Short Form (IPAQ-Short) in which phgbactivity is measured by a 7
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day recall and the volume of activity is convertedvietabolic Equivalents (MET
min/week). Total MET min/week (i.e., the sum oé tivalking,moderate and vigorous
intensity activity MET-minutes/week scores) wasdiaea global measure of physical
activity. This measure has demonstrated validity ieliability and performs similarly to
the longer version of the questionnaite **° It exhibits moderate correlations with
objectively assessed physical activity via pedomet@ccelerometer data with criterion

validity of a mediarp=0.30"""**?

and produced repeatable data (Spearmaalsstered
around 0.8)4%143
Physical Activity Self-efficacy

Physical activity self-efficacy was measured usrigtitem instrument on which
participants indicated their confidence in beinfgdb be physically active in a variety of
situation$*®. This instrument uses a 5-point Likert scale ragdrom 1 (not at all
confident) to 5 (very confident). The Cronbachhagoefficients of internal consistency
reliability is 0.79°.

Treatment Self-Regulation Questionnaire (TSRQ)

Participants completed the TSRQ as an indicatthaif autonomous and
controlled motives towards weight loss interventuamticipation. Autonomous motives
for remaining in the program and following the pedares of the program were assessed
using three items; controlled motives were asselgéaditems. Participants responded to
each item on a scale of 1 (Not at all true) to @rfMrue). An example of autonomous
motives is “| feel like it's the best way to helyself’. An example of controlled

motives is “Others would have been angry at malitlh't”. Previous research using the

TSRQ has reported internal consistency (Cronbagirsliability estimates ranging from
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0.67 to 0.8% and indicates that greater endorsement of autonsmmtives measured
by TSRQ scores predicts sustained weight chiinge
Data Analysis

Frequency distributions of participant demograpkesables were computed to
describe the study sample. Pearson’s correlatiefficents were used to examine
bivariate associations between the study varialAestructural equation model analysis
was used to test the proposed conceptual modej iWptus statistical software (version
6.0)*°. The advantage of SEM is that it can providedvatatistical inference when
some variables of interest are hypothetical contr(i.e., latent variables) or measured
by a set of iten?S. We used a 20-item healthy eating self-efficamles a 5-item
physical activity self-efficacy scale, a 3-item@umous motives scale and a 7-item
controlled motives scale to measure the psychadbdactors. Treating the scale items as
the multiple indicators of the latent variable, @@ minimize the measurement error in
the psychological factor scales. According toliket practice of model specificatiGh
prior to the analyses of the structural model, asneement model was examined to
identify each latent variable for this model, ahdas tested for effective identification of
each of the latent variables. By fitting one sitanéous model, all the parameters and
standard errors are estimated conditional on theesfects being present in the model.
Therefore, both theoretically and empirically,ifitg a single SEM model lends more
efficient and elegant estimation of parametersoefficients than regressibh

Multiple imputations were carried out to handle thissing data in Mplus 6.0.
Ten datasets were generated using Bayesian estitiati The combined parameter

estimates from the separate analyses of 10 dataeetsthen used for hypothesis testing
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and inference. Because the distributions of thi@bkes deviated from normality to some
extent, we used the maximum likelihood robust estiiom method. This method
produces standard errors and a chi-square teistist#tat are robust for nonnormafit.
For the mediation model, direct and indirect efeaft WAY interventions on health
behaviors and weight and their respective 95% @ewlso derived from Mplus 68
Differences were considered statistically significat p < 0.05.

Demographics variables (gender, age, race, incmbestatus (faculty vs. staff))
were controlled for in the model. All statisti@lalyses in this study accounted for the
cluster random sampling design by multilevel mautgin Mplus, with community
college as the unit of sampling, and employee destthin community college as the
unit of analysis.

The chi-squareyf) goodness of fit statistic is a reasonable measumeodel fit.
However, because sample size and the strengtle aotinelations between variables may
unpredictably influence model fit according to {fieest statistic, we relied on the
comparative fit index (CFl) and root mean erroapproximation (RMSEA) to assess
model fit®>. Both indices have been recommended for routiee CFI values that
exceed 0.90 and RMSEA values below 0.08 indicatetable model fit:; and
RMSEA values close to 0.06 have been designatediasitive of “good fit*®2. The
CFl and the RMSEA are both sensitive to model n@sgjgation and are minimally

affected by sample siZ&.
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5.3. Results

Sample Characteristics

The sample participating in the WAY project (n=1p@4s 82.2% female, 83.2%
White, 46.9 years old, and weighed 204.4 poundisisgline on average, with 32.6%
overweight (BMI 25-29.9 kg/f), 30.7% obese class | (BMI 30-34.9 kgJn20.4%
obese class Il (BMI 35-39.9 kgfinand 16.3% obese class I1l (BMIO kg/nf). Forty-
six percent of WAY patrticipants reported havingfessociates or Bachelor’s degree and
42% reported holding an advanced degree (Mastesfed3ional or Doctoral degree). A
majority (57.6%) of WAY participants were staff, ih40.3% identified as faculty.
Approximately half of the WAY participants had ausehold income of $30,001-
$50,000. There were few statistically significaiffedences among participants by
treatment arm at baseline, specifically, WC+WPlipgrants were significantly more
likely to be female, than were WC+WEB; and, WC grants had significantly higher
proportion of calories intake from fat. Aside frahese differences, group randomization

was effective in allocating similar groups acrasglg arms.
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Table 13. Baseline WAY Participant Characteristicdy Intervention Arm

ALL WAY to WC WC+WEB WC+WPI
Health
(n=1004) 0=375) (=350) 0=279)
Variable % n % n % n % n
Female (%) 82.2 793 81.9 298 77.1** 259 89.1** 236
Hispanic (%) 1.4 13 1.1 4 1.2 4 1.9 5
Race (%)
White 83.2 799 80.5 293 84.3 280 85.6 226
African 13.3 128 17.0 62 11.7 39 10.2 27
American
Other 3.4 33 2.5 9 3.9 13 4.2 11
Household
Income (%)
$0-30,000 29.2 255 31.3 103 28.3 86 27.5 66
$30,001 - 43.8 382 44 .4 146 42.1 128 45.0 108
50,000
$50,000+ 27.0 236 24.3 80 29.6 90 27.5 66
Education (%)
HS graduate 2.0 19 14 5 2.7 9 1.9 5
or less
Some 10.0 96 9.3 34 10.5 35 10.2 27
college/tech
school but no
degree
Assoc/Bach 46.2 445 46.4 169 46.8 156 45.1 120
degree
Post-graduati 41.8 403 42.9 156 39.9 133 42.9 114
degree
Job
Classification
(%)
Faculty 40.3 393 38.0 139 42.9 147 40.2 107
Staff 57.6 562 59.3 217 54.8 188 59.0 157
Other 2.1 20 2.7 10 2.3 8 0.8 2
Full time (%) 86.8 848 85.0 312 88.4 304 87.2 232
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ALL WAY to WC WC+WEB WC+WPI
Health
(n=1004) 0=375) (=350) 0=279)
Variable % n % n % n % n
General Health
Rating
Excellent 6.0 51 7.2 23 5.4 16 51 12
Very good 37.6 320 355 113 39.9 119 37.3 88
Good 43.1 367 45.3 144 43.0 128 40.3 95
Fair 11.6 99 11.0 35 9.4 28 15.3 36
Poor 1.8 15 0.9 3 2.3 7 2.1 5
BMI Category
(%)
25.0-29.9 32.6 327 30.7 115 33.4 117 34.1 95
30.0-34.9 30.7 308 32.0 120 31.1 109 28.3 79
35.0-39.9 20.4 205 21.9 82 21.1 74 17.6 49
40+ 16.3 164 15.5 58 14.3 50 20.1 56
Mean SD Mean SD Mean SD Mean SD
Weight (Ibs) 204.4 47.3 204.4 47.8 2059 247 202.5 60.8
BMI 33.6 7.9 33.6 9.4 33.3 4.1 33.8 8.8
Age 46.9 12.1 46.0 8.3 47.1 14.2 47.6 10.5
Kcals 1907.6 893.8 1895.7 837.2 1879.0 1090.1 1958.2 302.6
Mean % of Kcal 39.9 7.3 405* 7.4 39.1* 49 40.3 34

from fat

Total physical
activity (MET-
minutes/week)

1334.7 2149.9 1255.8 1237.7 1422.7 2551.1 1327.3 2165.5

**: P<0.01

*: P<0.05
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WAY Interventions Mediation Model

According to the CFl and RMSEA fit statistics, g&imated WAY interventions
mediation model demonstrated acceptable fit offdta (Figure 14);* (df=1489, N =
1004) = 7486.764, p <0.05, CFl = 0.79, RMSEA = 8.06TD=0.001). Controlling for
the baseline motives, self-efficacies, healthy @iet, total calories intake, fruit/vegetable
consumption and proportion of calories intake fia), physical activity, body weight
and demographic variables, the following are ttseilts for hypotheses that are tested
simultaneously in the WAY intervention mediation chet

Results for Hypothesis 1the participants received the individual-level WAY
interventions had higher level of autonomous mati&EB:=0.02,p=0.384; WPI:
=0.07,p=0.001) and higher level of controlled motives (WBB0.03,p=0.103; WPI:
=0.06,p=0.001) than those who didn’'t at 3 months. Thene'significant difference in
physical activity self-efficacy (WEB3=0.001,p=0.972; WPI$=-0.009,p=0.573) and/or
healthy eating self-efficacy (WEB=0.02,p=0.097; WPI13=0.02,p=0.142).

Results for Hypothesis 2the participants with greater physical activitif-se
efficacy at 3 months had significant higher leviebbysical activity (i.e. total physical
activity MET-minutes/week) at 6 month$=0.36,p=0.007). Autonomous motivation
was not significantly associated with physicalatti(f=-0.22,p=0.108).

Results for Hypothesis 3the participants with higher level of autonomous
motives at 3 months had lower total calories intgle0.36,p=0.003) at 6 months. The
participants with greater healthy eating self-@iti¢ at 3 months had smaller proportion
of calories intake from fapE-0.13,p=0.025) and more daily servings of fruit and

vegetablesf{=0.14,p=0.042) at 6 months.
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Results for Hypothesis 4:the total physical activity MET-minutes/wedk={
0.02,p=0.237), total calories intak@%£0.03,p=0.068), the proportion of calories intake
from fat (3=0.03,p=0.094) and daily servings of fruit and vegetaljfzs0.02,p=0.380)
at 6 months were not significantly associated wughight loss at 12 months. Participants
received the individual-level WAY interventions (VBEB=-0.03,p=0.068; WPI:3=-
0.04,p=0.047), had higher level of autonomous motiizs@.07,p=0.032) or greater
healthy eating self-efficacy€-0.108,p=0.002) at 3 months weighted less at 12 months.

Results for Hypothesis 5:

As described above in Hypotheses 1-4, paths from+WEI to weight at 12
months, from WC+WPI to autonomous motives at 3 mgnfrom autonomous motives
at 3 months to total calories at 6 months and wegh2 months were significant and in
the predicted direction. The indirect effect of WW&FPI on total caloriespE-0.03,
p=0.023) and weighf}&-0.005,p=0.062) mediated by autonomous motives was
marginally significant. Therefore, the effects oAW intervention (WC+WPI) on weight
change are patrtially accounted for by autonomousvem

While WC+WPI also increased controlled motives atéhths, the controlled
motives were not significantly related to healtlayieg or physical activity at 6 months or
weight at 12 months, meaning our data did not stigpat controlled motives mediated
the relationship between WAY interventions and \uegf 12 months.

As described in Hypotheses 1-4, paths from hea#iing self-efficacy at 3
months to proportion of calories intake from fatlataily servings of fruit and vegetables
at 6 months, and to weight at 12 months were saamf and in the predicted direction.

The path from physical activity self-efficacy atrnths to physical activity (i.etotal
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MET min/week)at 6 months was also significant and in the ptedidirection.

However, neither healthy eating self-efficacy nbygical activity self-efficacy were
significantly related to WAY interventions and didt mediate the relationship between
WAY interventions and weight at 12 months.

The control variables at baseline were allowedowacy. The healthy eating self-
efficacy and physical activity self-efficacy weligrsficantly and positively related to
each other at baseline. Healthy eating self-effiagas significantly negatively related to
controlled motives, the proportion of calories kedrom fat, daily total calories and
daily servings of fruit and vegetables at baseliriee physical activity self-efficacy was
significantly positively related to physical actyiand was significantly and negatively
related to controlled motives at baseline.

The proportion of calorie intake from fat, dailyd@bcalories and daily servings of
fruit and vegetables at baseline covaried signitigavith one another, which indicates
that these health eating behaviors were not isihlaide fruit/vegetable consumption and
the physical activity at baseline were significgrgositively related with one another,
suggesting that the participants who ate more/¥egietable tended to exercise more at
baseline. In addition to these correlated basé¢lesthy behaviors, the total calorie
intake and proportion of calories intake from farevsignificantly and positively related
to weight at baseline, suggesting that participaiiis greater total calorie intake and
larger proportion of calories intake from fat wetghheavier at baseline.

Controlling for the baseline values, the full modetounted for 46%, 58%, 43%
and 21% of the variability in the proportion of @aés intake from fat, daily total

calories, daily servings of fruit and vegetabled @mal MET min/week at 6 months,
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respectivelyThe full model constructs accounted for 95% ofwhgability in weight at

12 months.

5.4. Discussion

Understanding how, why and for whom the intervemtirked is an important
part of the analysis of data from all studies. Ai® best of our knowledge, our study was
the first study to rigorously and simultaneousist iwhether key theory-guided
psychological constructs (i.e., self-efficacy anotives) related to eating and Physical
activity are mechanisms through which complex wibeksased weight loss interventions
helped the participants lose more weight in a ltuaynal study. Our results indicated
that, overall, the estimated model for understagditerventions explained the
longitudinal data from a sample of overweight abdse community college employees
reasonably well.

Results for Hypothesis 1 indicate that there wagaificant increase in
autonomous and controlled motivation for partidipgin a weight loss program in the
WC+WPI group compared to the WC only group, whilere was no significant
difference in autonomous and controlled motivafammparticipating in a weight loss
program in the WC+WEB group compared to the WC gnbup. We are not sure
whether the increase in autonomous and controlietivation was due to the web-based
weight loss program or financial incentives. E#eough we have argued that the web-
based program only required minimal effort, enngjlin the web-based weight loss
program requires time and commitment to the ordictévities such as participation in the
weekly nutrition exercise, interactive message ti®aand self-weighing. The

autonomous and controlled motivation for remairimg weight loss program may not
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necessarily be high enough especially with bartiersse it at the worksite (e.g., no time,
no access to computer) unless there were sometivegto keep participants motivated.
Therefore, in our study, web-based program plueritiges has significantly increased
participant’s autonomous and controlled motives.

In another study to test a relevant but differesearch question-whether the offer
or receipt of an incentive would lead individualsshow differential changes in
autonomous and controlled motivation for remairimg weight loss program, Crane et
al. only included the participants in the WC+WERIANC+WPI groups and those who
completed the study questionnaires (e.g., excltidese with incomplete data) to
compare the motivations between WC+WEB group andtWeI group of the WAY to
Health Study (N=594%>. In her study, the cross-sectional data provilégence to
support that the WC+WPI may have greater influemctautonomous motivation for
participating in a weight loss program than WC+W&E months- there was a
significant difference between the WC+WEB and WC+WiBups at 3 months (mean of
WC+WEB: 5.13 £ 1.24; mean of WC+WPI: 5.39 £ 1.13; B.03), where the WC+WPI
group reported higher levels of autonomous motwatiWwhen the authors used a growth
curve model to assess the changes in either autmmor controlled motivation for
participating in a weight loss program over therénths, no significant difference was
found between the WC+WEB and WC+WPI groups. Thba@s pointed out several
plausible explanations for the lack of changes ativation related to the incentives --the
relatively small incentives, the delay betweenlibbaviors required for weight loss and

payment of the incentive, and the small sample (&inby completersy.

140



Our study uses more advanced methodologies, addkmmavledge beyond the
Crane paper and provides another potential exptanédr why the small amount of cash
incentives alone may not influence changes in artayus or controlled motivation for
participating in a weight loss program in the ldagn (e.g., a year after the beginning of
the interventions), but it may result in an inceeasthe participants’ autonomous and
controlled motivation for participating in a weigbts program in the short term (e.g., 3
months after the beginning of the interventionsgwlkombined with other forms of
weight loss support (e.g., web-based weight losgram).

Moreover, while little difference was observed floe physical activity self-
efficacy at 3 months across WAY intervention grqugeticipants in the WC+WPI
(p=0.022,p=0.142) and WC+WEB groug£0.023,p=0.097) did report greater healthy
eating self-efficacy at 3 months compared to the &y group but none of them
reached statistical significance which demonstratdg partial support for Hypothesis 1.
This result suggests that the web-based weightdaggam may be more effective in
increasing the healthy eating self-efficacy thaproving the physical activity self-
efficacy. Further research is needed to explong twd web-based weight loss program
did better job improving the healthy eating seffesicy than the physical activity self-
efficacy.

Self-efficacy has received the most cdasissupport for mediating the
relationship between physical activity intervens@md physical activify. Results for
Hypothesis 2 show that the increased physical iagself-efficacy at 3 months was
significantly associated with hightatal MET min/weekat 6 months. Consistent with

SCT, the WAY web-based weight loss program wasgtkesi to increase eating and
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physical activity self-efficacy. Bandura (1997 gsgically cited self-efficacy—one's

faith in one's ability to maintain physical actyinh the face of challenges and setbacks—
as a key to success in regular exercise. Numestodges have found self-efficacy to be
physically active to be associated with physicavitg** *'¢ Our findings are consistent
with the previous studies, such that the physictlity self-efficacy was associated with
higher level of physical activity.

However, we provided no evidence thatghysical activity self-efficacy
mediated intervention effects on physical actiatyweight loss because based on results
for Hypothesis 1, little difference was observedtfee physical activity self-efficacy at 3
months across WAY intervention groups. A revievihef studies that examined
theoretical constructs (i.e., mediators) in phylsacdivity interventions, used
experimental designs and met other criteria fofuatang mediation concluded that
support for self-efficacy has varied across timmpgender, and outcome variabté.
Similar to our findings, two studies that examinlee effect of the intervention on self-
efficacy found that the intervention group did neport significant increase in self-
efficacy than the control groffp Of the two studies that examined if self-effizaas a
mediator based on Baron and Kenny's criteria, en@ysfound self-efficacy to be a
physical activity mediator among moth#rsAnother study conducted in a primary care
setting found that self-efficacy was not a medidtarhich is consistent with our
findings.

Autonomous motives at 3 months were not signifigaa$sociated with physical

activity at 6 months. The hypothesis 2 was pattislipported.
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Results for Hypothesis 3 demonstrate that contrglior all other relationships in
the model, the autonomous motives at 3 months a&seciated with decreased total
calories at 6 months and greater weight loss abd2ths. This is consistent with the
SDT that proposes that for complex behaviors (eadhgering to diet recommendations),
behavior change will be maintained to the exteat the behavior is autonomdfis
Autonomous behavior is an expression of one'sasrlfis undertaken with a full sense of
choice. Itis accompanied by an internal perceleeds of causality and a sense of true

volition'83

. In contrast, controlled behavior, although iti@mal, has an external
perceived locus of causality and is experiencegaressured or coerced. Although
WC+WPI increased both autonomous and controlledv@®tt 3 months, only increased
autonomous motives led to the desirable healthpgaehavior and weight loss.
Previous studies found that autonomous motivabqpatticipate in a weight loss
program measured early in a weight loss programpsedictive of behavioral change,
weight loss and weight loss maintenaficelheir findings of the relationship between the
autonomous motivation and weight loss are condistéh our findings.

According to a review of the relationship betwesgghosocial predictors and
fruit and vegetable intake in adults, strong evadewas found for self-efficacy as
predictor of adult fruit and vegetable intdke Consistent with previous studies, results
for Hypothesis 3 indicate that the healthy eatielfrsfficacy at 3 months was
significantly related to less proportion of caleriatake from fat, increased F&V at 6

months. The healthy eating self-efficacy at 3 mentlas not significantly associated

with WAY interventions as demonstrated in the resstdr Hypothesis 1. Therefore, the
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evidence to support the fact that healthy eatitfgescacy mediates the intervention
effects is insufficient; Hypothesis 3 was only ply supported.

The participants in the WC+WEB group consumed S§icamtly less fruit and
vegetables at 6 months compared to those in thegkv@p. But the association between
servings of fruit and vegetables at 6 months andht@t 12 months was not significant
as shown in the results for Hypothesis 4. Ovenallsignificant direct relationship
between diet or physical activity at 6 months amiight at 12 months was found.
Therefore, Hypothesis 4 was not supported. Nabigeshe proportion of calories intake
from fat, daily total calories and daily servingdmit and vegetables at baseline
covaried significantly with one another, suggestimgt these healthy eating behaviors
were correlated. The fruit/'vegetable consumpticsh thie physical activityTotal MET
min/week)at baseline were significantly and positively tethwith one another, meaning
that individuals with healthy eating habits wergcaiore likely to be physically active;
and, that individuals who were not eating healtleyanMess likely to be physically active.
As expected, the participants with higher totaboak intake and proportion of calories
intake from fat weighed more at baseline. Howetrex,change in healthy eating and
physical activity or “healthy lifestyle” may not Isalient enough or measured with
enough precision to detect any statistically sigaiit association between the behaviors
at 6 months and weight at 12 months.

Hypothesis 5 is to link the Hypotheses 1-4 and famoverall mediational
hypothesis that the effects of WAY interventionsvegight change are partially
accounted for by autonomous motives, physical agteelf-efficacy and/or healthy

eating self-efficacy. We found a greater intenaneffect in the WC+WPI group on the
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autonomous motives at 3 months, as well as on gighwvat 12 months than in the WC
only (comparison) group. The relationship betwaetonomous motives at 3 months and
total calories at 6 months was significant anchim predicted direction. Similarly,
autonomous motives at 3 months were associatedgnetiter weight loss at 12 months.
The indirect effect of WC+WPI on total calories améight mediated by autonomous
motives was marginally significant. Our resultggested that the relationships between
WC+WHPI intervention and both total calories andgheiloss were mediated by
autonomous motivation to participate in a weiglsslprogram. Changes in autonomous
motivation led to improved nutrition outcomes, aaating for part of the total effect of
the WC+WPI intervention on nutrition behavior andight loss (i.e., partial mediation)
among overweight and obese employees. Howeveigndisant mediator was found for
WC+WEB group.

According to the results for Hypothesis 2, physaxetivity self-efficacy at 3
months was significantly associated with incregsegbkical activity (i.e.;Total MET
min/week)at 6 months. Results for Hypothesis 3 and 4 ald@ate that the healthy
eating self-efficacy at 3 months was significarsbgociated with smaller proportion of
calories intake from fat at 6 months, more dailyws®gys of fruit and vegetables at 6
months and decreased weight at 12 months. Howegeause no significant difference
in physical activity self-efficacy or healthy eajiself-efficacy across the intervention
groups was observed in our results for Hypothesikeke’s no evidence that the WAY
interventions increase the healthy eating selzaffy or physical activity self-efficacy in

our study. These findings do not support the hypsized mediational model in which
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self-efficacy mediates the relationship betweenwit®eY interventions and healthy
eating, physical activity, or weight. Thereforgygthesis 5 was only partially supported.
The participants’ physical activigelf-efficacydidn’t change much after
receiving the WAY interventions. The WAY intervents increased healthy eatigglf-
efficacyto some extent but results were not statisticgatipificant. This could be true
dueto the minimum intensity of the web-based progravot getting enough exposure to
the intervention may be an issue for the self-a@stened web-based intervention. While
retention in the study was good; it didn’t neceibgémanslate to high participation in the
intervention. Strategy to ensure the participats ghe full intervention when she/he
uses the web-based program is the key. Next steghauld look into the
implementation of thaveb-based weight loss program to make sure tieevimition was
delivered as plannedesides, the development of computer-based intéorenmust
rest on a firm theoretical foundation to realize gotential for behavior change and risk
reduction. For example, the Nutrition for a Lifag System®© (NLS) is a self-
administered, computer-based intervention basexboial cognitive theory developed
through a series of small efficacy studies centareipermarketé®. SEM analysis
suggested that NLS led to higher levels of nutnitielated self-efficacy. The authors
also found that changes in specific areas of ppaint’s self-efficacy (e.g., self-efficacy
for preparing and eating low-fat meals) mediatedNh.S treatment effects on servings
of fruits and vegetables and on fat. Our studyfiomed that improved healthy eating
self-efficacy would lead to more servings of friatsd vegetables and lower fat intake. In
addition, it is important to note that many studregduding our study have found

significant correlations between physical actiaglf-efficacy and physical activity
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behavior but the interventions had little effectpitysical activity self-efficady. The
results suggest that our interventions to dateateery successful in changing physical
activity self-efficacy. If the WAY interventionsaa significantly improve participant’s
healthy eating and/or physical activity self-effigathe WAY interventions would be
more effective helping participants lose weight.
Strengths

One of the strengths of our study was that it idetlboth key theory-guided
eating- and PA-related pathways that can reveatdhgrehensive picture of mediating
mechanisms between weight loss interventions ahdwieral/weight change. For many
issues concerning mechanisms of nutrition, physicavity interventions and weight
loss, the evidence is not definitive, either beeahg published results are inconsistent,
and/or because the methods of studying mediatiohsiman populations are still
evolvind™. Part of the uncertainty has resulted from swthat focus on specific
psychological pathways or behaviors in isolatitveréby oversimplifying the complexity
of weight loss mechanisms; the importance of dseng, and duration of exposure;
and the large variations in both healthy eating gimgkical activity among human
populations. Anderson-Bill (2011) investigated hclvanges at 6 months in participants’
psychosocial characteristics contributed to impnoeets at 16 months in nutrition,
physical activity, and weight management as a tesuhe online, social cognitive
theory (SCT)-based Guide to Health intervention (@BH)*. But the authors
conducted this non-randomized trial analysis in pads separately for the WB-GTH
intervention effects using multivariate repeatedasuges analysis of variance

(MANOVA) and the relationships among SCT-changealdes at 6 months and

147



behavioral and weight-change variables at 16 mamdheg SEM among 272 of 655
(41.5%) self-selected participants enrolling in VBH. Anderson-Bills’ study indicated
that the WB-GTH influenced behavior and weight lmsa manner largely consistent
with SCT. Improving social support, self-efficaoytcome expectations, and self-
regulation, in varying combinations, led to heattdiet and exercise habits and
concomitant weight 1088 Secondly, the use of a multilevel SEM approatiwagd for a
simultaneous evaluation of multiple relationshgs;ounting for the design effect or
clustered data in the group-randomized trial andehing of psychological factors as
latent variables, which controlled for possible s\eament error. Thirdly, we used
several rigorous methods to test the mechanismBanfge in this study. For example,
we used the technique of regressing baseline @dkes out of follow-up (T2, T3 or T4)
scores to calculate change in the constructs. t€blmnique avoids problems that can
occur when one uses the subtraction method assdaath possible differences in the
variances of two measures that go into the chaoges$®. In addition, we used the
longitudinal data that are preferred for the tegthmediation hypotheses to the
application of traditional mediation models to @@ectional data. Many mediational
analysis used cross-sectional design which predladaclusions about causality or its
directiont® '8 All relations observed in the cross-sectionatigtcould be bidirectional.
The longitudinal design of our study strengtheredltemporality of the variables as well
as structural equation analysis.
Limitations

Despite these strengths, there are several limitsitio this study. First, while it is

possible that the results do, in fact, accurateliect a negligible influence of WAY
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interventions on healthy eating self-efficacy, phgbactivity self-efficacy, healthy
eating or physical activity for our sample, we lmated in our conclusions by the nature
of the measurements we used. For example, a systeaeaew on the validity of the
IPAQ-SF showed that correlations between the migkical activity level measured by
the IPAQ-SF and objective standards ranged frord ta®.39; none reached the minimal
acceptable standard in the literature (0.50 foectbje activity measuring devices, 0.40
for fitness measure$}. Therefore, it is possible that our measuresdddufficient
sensitivity to the constructs we intended to meastuture research may want to
examine the hypothesized relationships using amfditior more sensitive measures of
diet habits and physical activity such as acceletens. Second, in order to test the
mediation process which takes time to unfold, wedtlyesized that WAY interventions
result in the increased motivations and self-effycat the 3-month follow-up, which in
turn were related to the behavioral change at thm6th follow-up and weight loss at
the 12-month follow-up. Tate’s study demonstrdteslefficacy of a theoretically driven,
worksite-based Internet weight loss progtanCloser analysis of the results reveal that
WEB program produced an average weight loss of nkbthat 24% of the intervention
group lost at least 5 percent of their initial weigt 12 months, which provides a
rationale for choosing a 12-month time frame. Hesvebecause each regression effect
can be interpreted only with reference to that olesinterval, the length of intervals
between measurement occasions is important in girethl analysis. We could
possibly miss observing the effect of interest neeahe interval chosen was either too
short for the effect to take place or so long thatimpact of one construct on the other

had faded®. In our study, for example, the effects of welsdmhprogram on healthy
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eating self-efficacy and physical activity selfieéicy might actually occur in a shorter
time period (e.g., the first month of the intervenj. The potential issue of inappropriate
lags is compounded for mediation analysis becausast two (and sometimes three)
lagged effects are multiplied together to testitioirect effect. Future research would
benefit from more measurements or less time in éetwmeasures -with new technology,
this would be possible. Researchers should alsagthorough consideration of the
time scale of the developmental process, evidenee previous studies, and evidence
from a pilot study may be useful in addressing thismma like what we did in the

WAY project. Third, an overarching concept of SiSTeciprocal determinism, which
states a constant interaction exists among theacterstics of a person, their behaviors,
and their environmerff. Weight control among employees is dependentensomal
characteristics such as self-efficacy, behavidnalaes such as portion size, and on
external factors like healthy food availabilityev@ral studies have demonstrated that
self-efficacy to lose weight affect their beha¥ot- Individuals who report they were
relatively more motivated and more confident inrtladility to lose weight are more
likely to achieve behavioral change and weightfos®©ur study only assesses self-
efficacy as the mechanism of WAY interventions, that entire SCT. Cognitive factors
such as outcome expectations, self-regulation @iethtions are also hypothesized to be
important determinants of behavior according to $CTFurther research may
investigate the full SCT including other construsieh as outcome expectations, self-

regulation and social support.
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5.5. Conclusions

Pathway analysis is useful for helping understahgt 8ome interventions and
certain components of those interventions succlig$iting about improvement while
others fail to do so. Thus, studying key mechasisirbehaviors will help to look into
the “black box” of interventions and study the detmants of behavior change. As a
result, we gain a deeper understanding of psyciecdbgnd behavioral mechanisms of
worksite-based weight loss interventions that oalp develop more targeted and
effective interventions in the future. For example found that the overweight and
obese employees in the WC+WPI group were moreylilkcehave greater autonomous
motives at 3 months than those in the WC only grewpch results in less total calories
at 6 months and lower body weight at 12 monthsr r@sults suggested that the
relationships from WC+WPI intervention to both tatalories and weight loss were
mediated by autonomous motivation to participata weight loss program. Financial
incentives combined with the web-based weight pwegram and organizational change
like WC may provide autonomous motives to partitaga a weight loss program, which
in turn results in the reduced total calorie intakel body weight among overweight and
obese employees at worksite. Our findings do appsert the hypothesized mediational
model in which self-efficacy mediates the relatinipsbetween the WAY interventions
and healthy eating, physical activity or weight dnese the WAY interventions didn’t
significantly improve self-efficacy related to himl eating and PA. However, self-
efficacy did lead to desirable changes in nutritipmysical activity and weight.

Interventions that target obesity should take adoount the effects of autonomous
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motives, healthy eating self-efficacy and physalvity self-efficacy on healthy eating,
physical activity and weight regulation.

Future research to examine the mechanisms for wiaigh interventions should
consider adding more constructs of SCT model saatugcome expectations, self-
regulation, social support/environment, using nsmesitive measures of diet habits and
physical activity and choosing shorter time intésva-urthermore, additional research is
important to determine which of these weight logenvention components are working
(i.e., independent effect of financial incentivesl aveb-based weight loss program) and
for whom (i.e., intervention effects and mechanismasther populations). Such
information is crucial to guide interventions mbkely to have a positive effect in

reducing the obesity crisis.
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CHAPTER 6: DISCUSSION

6.1. Summary of Findings

Paper 1:

Findings of this paper are highlighted under eammain of the RE-AIM
framework to provide a comprehensive overview efblic health effects of WC
program.

1) Reach- results indicate that sixty-two percdngasticipants reported that they
used the food services (i.e., cafeteria or vendiaghines) on campus. DeJoy et al.
interviewed the site coordinators in a processuatain for an environmentally focused
worksite weight management study and found thatl@yep patronage at some of the
cafeterias was low, which, of course, limited tpact of the altered menu offerifgs
Low patronage would also help explain the lowerr@amass levels for menu labels and
other similar messages. But in our study, 62% gblegees enrolled in WAY reported
use of the food services on campus; thus, they veaehable by the WC. The reasons
why employees did not use the food services on oanmzlude not enough variety of
food to choose from, not enough healthy options expensive and the food not taste
good. Increasing access to healthy food, improvangety and quality of foods,
providing a discount to the employees may hel@ettmore employees, thus raise the

reach of the WC program in the future.
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2) Adoption- occurs at the organizational level aheasured by two indicators
1) the extent to which the community colleges pgtted in the WC training; and 2) the
absolute number and proportion of community colet@at implemented any component
of the Winner’s Circle over the 12 months of inemtion. By attending the kick-off
event (70.6%) or having the project staff delive initial training to the community
college (29.4%), all campuses (100%) received #selne dose of WC training.
Consistent with Dejoy and Wilson (2012), the p@pation among WAY community
college representatives in the initial training w@asonably good but fell off
considerably during the two conference calls arelmimi-training/booster sessitil
Given the challenges of getting busy food servia#f 0 attend trainings or conference
calls, it would be helpful to have additional resmms to go onsite to provide additional
assistance on location to assist with ongoing itngiand implementation of the WC
program. After the introduction and training on giregram, all campuses (100%)
adopted at least one aspect of the program togeaacess and highlight healthy foods.

3) Implementation- the intended components of W&mm-labeling of healthy
food, nutrition education and increasing accedsetithy food options in
cafeterias/vending machines -- were not fully impéated. Although training was
available initially, implementation relied heavity food services staff. Based on
Environmental Scans, nearly half of community aydie (9/17) placed WC stickers on
healthy food options in the cafeteria and/or vegdirachines over a 12-month period.
Sixty-seven percent of community college campudazia reported that they had healthy
foods labeled (including but not limited to WC &&es) and identified, 53% had signs or

other print materials to promote healthy foods;le/lonly 27% had promotions for
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healthy foods and 27% added more healthy food elsdw the menu. Based on the
employee’s survey, less than half of employees siams, often or always purchased
items that have the Winner's Circle logo in theet&ia/snack bar (48%) and campus
vending machines (32.5%); thus, labeling at th@fpof purchase appears to have a big
impact on awareness and use of nutrition infornmatitomake informed decisions about
food purchases.

4) Effectiveness- The design of the WAY to Healilidy included offering all
three arms the Winners Circle Dining Program; anthe arm with Winners Circle only,
we did not expect the enrolled overweight and oleesployees to lose weight.
Specifically, the research team hypothesized (aweeped the study) for no weight gain
among individuals in the WC only arm, compared® tivo intervention arms (WC +
WEB and WC + WPI). Results indicate that this hiyesis was confirmed. As
expected, this study has demonstrated that thesenvanain effect on employee weight
(or other eating behaviors) among employees emratléhe community colleges
participating in the Winner’s Circle only arm oktilstudy. Moreover, there was no
significant interaction of WEBxWC or WPI xWC in Hegy eating outcomes or weight
at the 3- and 6-month follow-ups, meaning thatwhe program did not moderate the
relationships between individual-level WAY interviems (i.e., WEB, WPI) and healthy
eating outcomes/weight at 3 or 6-month follow-ups.

However, placing WC stickers in the cafeteria andiag machines significantly
enhanced the effects of the WPI intervention (¢C + web-based weight loss program
and incentives) on individual weight loss amongipgrants who used campus food

services at the 12-month follow-up. Brehm et atedeined the effects of a multi-
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component environmental intervention that inclugetht-of-decision prompts,
cafeteria/vending changes, and educational matamiabesity, disease risk factors and
dietary intake in an employee populatibhTheir findings indicate that the minimum-
intensive environmental changes alone, which wasdasi to the WC program, was not
sufficient to improve employees' weight and hedithywever, such institutional-level
approaches may be essential to support and/onsusdavidual healthy lifestyle habits
that are initiated by more intensive efforts. Cetesit with their findings, the significant
interaction between the WC and more intensive iddial-level intervention (WPI)
suggests that organizational-level approaches gande the environmental support to
the individual-level interventions.

Consistent with previous RE-AIM literature, congidg reach, adoption,
implementation and effectiveness, instead of effeness alone, yielded differential
impacts across sites, suggesting that worksiteackexistics may influence program
impact.

Paper 2:

Based on SDT and SCT used in the formation ofAAeY interventions,
potential mediators (i.e., autonomy motivation, gibgl activity and healthy eating self-
efficacy) were identified and tested through a MSERdel to help clarify the
mechanisms by which the WAY interventions werecaifious. Although no significant
mediator was found for the effects of WC+WEB onginj the overweight and obese
employees in the WC+WPI group were more likely avdngreater autonomous motives
at 3 months (T2) than those in the WC only groupictv results in lower self-reported

total calories intake at 6 months (T3) and lowedlyoweight at 12 months (T4). Our
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results suggested that the relationships from WCHWtErvention to both total calories
and weight loss were mediated by autonomous mativad participate in a weight loss
program. These results are consistent with a teegiew article that showed all forms
of autonomous motivation predict exercise partitgraacross a range of populations
and settingS™. Although research on SDT in the domain of eakiabavior is still in its
early stages and more research is clearly need®dy&oresents a promising theory to
more thoroughly study and understand the motivatiprocesses involved in eating
regulatiort®.

Regarding self-efficacy as a potential mediatothBAY interventions
(WC+WEB and WC+ WPI) increased healthy eating s#fittacy but not physical
activity self-efficacy, indicating that the web-leasweight loss program may be more
effective in increasing the healthy eating selfesfty than improving the physical
activity self-efficacy. The web-based weight lossgrzam was offered to both the WPI
and WEB arms, and it was designed to increasedlfiefficacy related to diet and PA.
Unexpectedly, both WC+WEB and WC+WPI failed to prod a significant effect on
self-efficacy. Thus, our findings do not suppbe hypothesized model in which self-
efficacy mediates the relationship between the Wit¥érventions and healthy eating,
physical activity or weight. But even with all otheadependent and mediating variables
controlled, self-efficacy remained a significaneégictor of healthy eating, physical
activity and weight. This suggests several possést (a) It may be that this population
(e.g., overweight and obese, college employeeg)sn@®re intense interventions or (b)
that the interventions in this study were weak&fiaient in modifying self-efficacy. The

clinical implications of these possibilities sholle explored to improve future

157



interventions. Interventions that target obesityudtl take into account the positive
effects of self-efficacy on healthy eating, phybmetivity and weight control and put
resources and efforts in cognitive-behavioral trestts for obesity such as behavioral
modification session on eating behaviors (sucheastming aware of alternate eating
patterns), thought processes (such as improvingdes and restructuring cognitions),
relationships (such as increasing and drawing @oaral support), exercise (developing
enjoyable and maintainable routines), and copinlgsgkleveloping stress management

techniques)™

6.2. Strengths

Paper 1:

Several features of Paper 1 of this dissertatisaarch are noteworthy. First, this
research involved a rigorous evaluation of the Wa&)pmm using the four dimensions of
the RE-AIM framework (Reach, Effectiveness, Adoptand Implementation) which has
been applied to worksite-based obesity preventiteriention previousf§. Worksite
health promotion program evaluations typically fecun individual behavior change with
little attention to intervention implementationrmaaintenance. For example, in a
systematic review of the effectiveness of workaitérition and physical activity
programs to promote healthy weight among employea@se of the authors of the 47
studies reviewed examined the barriers to impleat&mt? We apply constructs of the
RE-AIM framework to an assessment of the WC programch is compatible with
ecological interventiorf& RE-AIM examines several dimensions of a prograoth at
the individual and organizational levels, to asd$easibility of translating research

findings to practic 1105, 194-197
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A second strength is that we took advantage otaralaexperiment that took
place in the context of a RCT. Ramanathan etsald uhe term “natural experiment “ to
refer to the situations in which the treatment i@glhas been assigned to an entire
population and there is a natural variation inithplementation of the treatment; the
authors also advocated for the evaluation of nhexeriments in public health and
suggested that such experiments may provide evedemcthe effectiveness of health
interventions because of the inherent variationaw, where and to whom interventions
are administeréd’. Although it is not possible to generate causta,dhis potential to
investigate interventions within the context ofdldife’ situations is an advantage of
natural experiments. As policymakers must makécatitiecisions and implement
interventions to improve health and reduce heallgualities even in the absence of
conclusive scientific data, there is a pressinglrfeestronger and more accepted
research designs to evaluate natural experirffents

A third strength is that this dissertation has madmique contribution to
program evaluation methodology and successfullyieghgome features of quasi-
experimental designs to a natural experiment tp bietlerstand the effectiveness of an
environmental intervention. Despite the naturéhefnatural experiment, we used a
quasi-experimental design (i.e., non-equivalentgamson group design with dependent
pretest posttest samples) to evaluate the effexsseof the WC program. A comparison
group was formed by whether there’s a placemel¥Gfstickers at the cafeteria or
vending machines on campus using the objective unea®f the implementation of WC
from the environmental scans. The environmentaiscé the implementation of WC

over the intervention period is certainly an adegetbecause the best way to assess the
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validity of the implementation of an environmernitgkrvention would be to have an
independent observation of the environm&hOne of the limitations noted by Biener et
al, is that organizational changes reported byrmémts are typically based on only a
single individual's response. For example, todk&ent that social desirability pressures
led organizational informants to inflate reportcbfinges in food services; or, informant
turnover forces someone different to fill out thev@y post-intervention (compared to
baseline), the findings may be bia¥8d"? In this study, objective measures of the
implementation of WC at the organizational leved éongitudinal outcome data at the
individual level (i.e., healthy eating behaviorglameight change at the baseline, 3, 6 and
12 months follow-ups) were used to generate uskia to evaluate this natural
experiment.

A fourth important strength of this research i tih@ effectiveness of the
placement of the WC stickers was evaluated on tietiary outcomes (i.e., employee
intake of total kilocalories, fruit/vegetables asaturated fats) and an anthropometric
outcome (i.e., body weight). Based on a reviewhefworksite health promotion
literature, only a few worksite health promotiondies have evaluated the point-of-
purchase food labeling; and even fewer have eweduadth dietary outcomes and
anthropometric outcomes at the employee felEvaluating both dietary outcomes and
body weight is consistent with the recommendatbersved from a systematic review of
lifestyle-focused interventions at the workplacegduce the risks of CV)

Specifically, in order to gain better insight intee mechanisms that led to the
intervention effects, Groeneveld et al. recommerttatlifestyle changes achieved

should be reported in addition to body weight cleang
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A fifth important strength of this research isatsempt to estimate interactions
between levels of the WAY intervention. Estimatthg interaction between the
environment (i.e., placement of WC stickers) ardiviidual level interventions (i.e.,
WEB, WPI) answers a critically important questidvihat role, if any, does
environmental change play on the effect of theviaial-level intervention on dietary
outcomes and weight change? This largely negleaegdotentially important question
attempts to understand the larger context in wiickkplace interventions influence
employee health®®. Exploring the role of context, while still accdiny for individual
level interventions, requires that we examine ctegsl interactions that may explain the
effects of the multi-component, multilevel weighss interventions like WAY to Health.

To the best of our knowledge, this dissertatiotmesfirst worksite-based weight
loss intervention study to explore cross-levelriatgons by simultaneously investigating
the relationships between the individual healticontes (i.e., diet habits, weight change)
and both organizational intervention (WC) and indiixal-level interventions
(WC+WEB, WC+WPI), using a cross-level interactigmpeoachi®®. This approach
differentiates the intervention effects of differémervention components and tackles the
interplay of environmental and individual levelententions.

Paper 2:

There are many strengths to this study. Firss, digsertation is the first rigorous
mediation analysis to examine a worksite-based htéags intervention that was
designed using multiple theories and to understhedieterminants of diet, physical
activity and weight. Testing theoretical constructsinderstand the determinants of

behavior is a key component of developing effecthaory-based behavioral
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interventions. Behavioral interventions induce a&im behavior by operating at least
partially through their impact on psychosocial aates. Many theories such as Social
Cognitive Theor§f: 8% 9 12 Transtheoretical ModE’ %% Health Belief Modef?2%
Theory of Planned Behavisf 2°% ?%and SDF* %% 122 131 173. 2{fjare ysed to predict the
relationship between the psychosocial variablestargeted behaviors including weight
loss. However, the limited ability of existing thretical models of behavior to predict
weight loss highlights the need to simultaneousbl@ate the combination of multiple
theoretical models and their constructs as potetét@rminants of weight loss. Previous
research shows that self-efficacy from SCT andrauteous motivation from SDT were
strong predictors of diet and Physical activityttresult in weight chand&*® The
conceptual overlap and similarity between SDT a@d $akes the use of the two
theoretical models in a weight loss interventiosgble. For example, competence, one
of the three psychological needs (i.e., autonoragpetence and relatedness) in SDT, is
similar to self-efficacy in SCT. Competence in ST self-efficacy in SCT) is
facilitated by autonomous motivation. Once indiatiuare autonomously motivated to
act, they start to apply new strategies and newvledge/skills that result in desirable
behaviors. SDT predicts that competence alonetisuféicient to motivate behavior; it
must be accompanied by autonomy. Based on thisetea underpinning, the present
study aims to test the WAY interventions that comebi the SCT and SDT and included
both self-efficacy and autonomous motivation in saene model.

Second, attempting to examine two behavioral pagsweating and PA) helps
reveal how mediating mechanisms between weightildessentions and

behavioral/weight change may work. For healthy pedpvels of energy intake should
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be commensurate with energy expenditure, so ashiexa energy balant€ Desirable
energy intakes for obese individuals should betless their energy expenditure, because
weight loss and the establishment of a lower bodiglt are desirable for them. Thus, it
seems logical to examine both energy intakes (die)energy expenditure (PA) in the
same mediation model to gain the whole picturdnefrhechanisms of weight loss
interventions which we did in this study.

Third, a number of advantages are associated weEM, an advanced
methodological innovation used in the present studyperforming tests of mediation,
MSEM a) produce more accurate estimates and stdedars when observations are
nested within groups (or clustered); b) able to eig@dychological factors as latent
variables, which controlled for possible measureneeror; and c) allows the
specification of “one model that describes all hyyesized relations between
independent, intervening, and dependent varialsiestiltaneousi°. We tested the
mediation in a 1-1-1-1 design, where the first §1dnds for the WAY interventions, the
2"%and 3 “1” stands for the mediators (i.e., self-efficanyd behaviors), the last “1”
refers to the dependent variable weight. “1” mehesvariables are all at the employee
level. As described above, to fulfill the reseagctals of testing multiple pathways
including diet and physical activity as well as thaltiple mediators in one path (i.e., 1-
1-1-1 design), it's more efficient and accuratéttone simultaneous model using
MSEM. The primary limitation of using MSEM to estute the multilevel path models —
the inability to estimate random effects for mdrart two levels — did not affect the

current study.
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Fourth, we used several rigorous methods to testdchanisms of change in this
study. A longitudinal approach is superior to thess-sectional design in mediational
analysis because there is temporal ordering bet#teemdependent variable, mediating
variable, and dependent variabfe Although a significant mediating effect does not
establish the presence of a causal mechanisnfersatronger evidence for drawing
causal inferencé® ¥ Therefore, use of mediators at 3 months (T2), biehsat 6
months(T3) and weight measured at 12 months (T¥¢ geeatly improved the statistical
test of mediation. In addition, we used the techeaigf regressing baseline (T1) scores on
follow-up (T2, T3 or T4) scores to calculate changée constructs. This technique
avoids problems that can occur when one uses titeastion method associated with

possible differences in the variances of two messsthrat go into the change scdfas

6.3. Limitations

This study is not without its limitations. For tharpose of simplification, these
limitations have been organized into three categor) research design, b) measurement
and c) statistical power.

Research Design

Several limitations of this study relate to reshatesign issues. First, this study
utilized a convenience sample; A letter and a bniefrest survey was faxed to the
president of each of the 59 community colleges iwithe North Carolina Community
College System to determine initial interest intiggrating and eligibility to participate
in a research study addressing employee weight'|Bse use of a convenience sample

limits its generalizability to other worksites ither places. Lack of external validity is a
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common problem in intervention research studiesdhgloy non-random sampling
strategies.

Second, participants were not randomly assignéletdplacement of WC
stickers” or “no WC stickers” group in Paper 1. kad randomization increases the
potential for pre-existing differences betweentireant and comparison group. The
presence of systematic differences between studgittons is a form of selection bias
that can compromise the internal validity of a gtuslelection bias can also result from
data attrition; it poses a threat to the interradidity of the study, when levels of attrition
differ between treatment groups. With selectiorsbiés hard to tell whether the
difference in outcomes between study conditiortkiis to program effects or pre-existing
difference between study conditi§s We used the baseline data to compare the
characteristics of respondents who weighed in witise who did not weigh-in at the 12
months assessment by afrortunately, the non-respondent analysis showshleat’s
no significant difference between the respondemtsren-respondents by arm. Thtise
differential attrition is not a threat to internallidity of the study.

A third limitation is our lack of data to thoroughéxplore potential dimensions of
key frameworks or theoretical constructs. In Pdpehis includes such issues as
maintenance of WC program (one of RE-AIM framewookstructs). In paper 2, we did
not examine the complete set of constructs from &I SDT for the mediational
analysis. And, we also did not fully explore thetsoassociated with intervention
implementation. For example, tracking implemeptatosts by activity (e.g., staff time
and materials) could affect subsequent maintenanttee organization level. It could

additionally inform future worksite adoption angsiemination issues. Although
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important, maintenance was not a key outcome efgtudy yet we mention this
limitation nonetheless.

Finally, this dissertation research excluded catas of intervention dosage such
as the lessons completed and time spent on thebasdd weight loss program, the
frequency and amount of incentives received. Tloeegheterogeneity in program effects
caused by varying levels of exposure to the inteileas was not controlled in these
analyses. Future studies should explore intererrégkposure (e.g., use of the web-based
program, incentives received).

Measurement

Several limitations in the measurement aspectisfafudy are noteworthy. First,
the self-reported nature of dietary assessment sitbane is a substantial risk of bias
The Block FFQ used in this study is an acceptedvaddly used dietary assessment tool.
However, its reliability is limited by a tendenaward under-reporting the energy
intake*®. Low reported energy intake may be due to delteevaaccidental omissions,
failure of recall or actual low energy intdk& Second, the low reliability of the IPAQ-SF
measuring total physical activity may have resuitedttenuated effects or null results
for this variable and biased the findings of theoagations between WAY interventions,
psychological factors, physical activity and weighthis study. Third, more proximal
outcome measures such as the cafeteria and vemdicigines sales data might be more
helpful in evaluating the effectiveness of WC progrthan employee diet habits and
weight change. Environmental influences on dietgamerally considered to involve two
pathways: access to foods for home consumption spermarkets and grocery stores,

and access to ready-made food for home and outiokelconsumption (e.g. takeaways,
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restaurants, worksite cafeterigd) The environmental change in workplace alone may
not result in substantial change in the diet hatntaeight because the worksite
cafeteria/vending machines only represent a snaallqé food environments in one’s
daily life and the weight loss process involves yngattors not just environmental
change.
Statistical Power

We re-computed power to detect intervention effecthis study and determined
there was limited power to detect small effects. Faper 1, accounting for the ICC
among employees nested in community college, ttesstal power with total sample
size of 613 is 0.05 to detect a difference of -1B38in weight; the statistical power with
total sample size of 1004 is 0.17 to detect a ind vegetables intake difference of 0.25
servings per day; the statistical power with te&hple size of 745 for is 0.99 to detect a
total calories intake difference of 407 kcal pey.deor Paper 2, given our data, the power
of detecting a mediocre fit and an extremely gab$ .90 and 0.87, respectively. In
sum, we had limited power to detect small effegtsept for the total calories intake in
Paper 1; and our data had enough power to detdttabmediocre fit and an extremely
good fit in Paper 2.

The use of multilevel models compromised the poavehe study due to the
limited number of clusters (N=17). Smaller samptes also produced low power to test

the significance of main effects, interactionsedirand indirect effects.
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6.4. Implications for Practice

One important implication of these results for piaeis that an environmental
intervention may need to be combined with individeael intervention to help
employees eat healthier and lose weight.

Individually focused interventions attempting touee obesity have tended to
ignore the influence of the complex social and pdalcontexts in which individual
behavioral decisions are made and have had lirsitedes¥®. Such critiques have led to
a new focus on ‘environmental’ exposures. Conseifjygrublic health strategies have
place increasing emphasis on environmental intéimesito promote healthy behaviors
within the workplace settifigHowever, results from our study (and previouslists)
raise questions about whether the minimum-intergityironmental interventions at
worksites are sufficient for producing populatioasbd obesity prevention and control
efforts. For example, Linde and her colleagues (REEAssessed a worksite-based
environmental intervention that focused on healttod labeling, availability and price,
physical activity promotion, scale access, and medhancements. A majority of
intervention components were successfully impleedntiowever, there were no
differences between sites in the key outcome ofjstashange over the two-year study
period (p = .36Y°.

Another study conducted by Engbers (2007) teste2tmonth environmental
intervention to stimulate healthier food choiced atair us€*. No significant effects on
consumption of fruits, vegetables, dietary fat dIBvere found.The author concluded
that this modest environmental intervention waseifgctive in reducing cardiovascular

risk in a population of office workers.
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Our findings in the WAY to Health study are faidgnsistent with previous
studies regarding the limited effects on weightngeaof worksite-based environmental
interventions that focused on healthy food labeéind availability. As the change in
individual’s diet habits and weight is a complerdeterm process that involves
psychological factors (e.g., self-efficacy on pmapg healthy foods and resisting
unhealthy foods), behavioral factors (e.g., exeraboose low calories foods, small
portion size), social norms and support (i.e., supfpom family and friends), and
various food environments including labeling, edios®al information, availability and
price of healthy foods at supermarkets, grocermestdhome, restaurants, worksite
cafeterias and so on, it is doubtful that a miniminsity worksite-based environmental
intervention alone would generate significant clesnigp individual's dietary behaviors
and weight outcomes. This is exactly why the regetgam chose WC alone as the
comparison group in this worksite-based weight kiggly. Our results confirmed it was
a reasonable decision in that no change in wegttiéalthy eating behaviors) was
identified in the WC only intervention arm.

A meta-analysis of workplace physical activity ahetary behavior interventions
on weight outcomes showed a greater reduction dly leeight associated with physical
activity and diet interventions containing an eomimental componefit, which is
consistent with our findings on interactions betaweavironmental and individual
interventions. We recommend comprehensive worksted weight loss interventions
including an environment component in order todyetelp overweight employees lose

weight because: 1) the environmental interventi@y support individual’s healthy
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lifestyle habits; 2) the clinical relevance of h@oled effects of environmental and
individual interventions may be substantial on pyation level.

A second implication for practice has to do wittatggies for increasing capacity
of the organizations to be able to adopt and implaprograms like WC. Additional
program training that engages multiple stakeholdatsprovides a variety of training

options is the key.

In this natural experiment, specific WC activitessigned to create
environmental changes (e.g., nutrition labeling eddcation and increased access to
healthy foods) were only partially implemented; apalrticipating community colleges
were more willing to implement nutrition labelingdieducation than increase access to
healthy foods. Perceived by the campus contaats,dbemployer interest and limited

capacity to implement WC were two key barriersiogoam implementation.

Several implications of these barriers for heattimpotion practice should be
discussed. First, sustainable program trainingaaksites must be designed so that
worksite staff can quickly obtain skills, informari, and resources they need to
implement and maintain the environmental changeosksites. Community college
representatives have limited time to leave theirkito attend trainings or pick up
materials. In our study, while 70.6% participatedhe initial training held in Chapel
Hill, only 41.8% and 11.8% attended two phone camfee calls designed to trouble-
shoot potential problems with program implementatidlthough project staff traveled
to the community colleges that did not receiveW\€ training at the kick-off event;
future studies should consider holding boostentngis at each community college, or

using technology or continuing education opporiasito provide trainings that were
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easy and convenient to attend. In addition, weekspresentatives told us that they
would have appreciated more opportunities to sesdstrations and/or practice skills
needed to prepare and label healthy foods usingh@&lihy eating criteria.

Another practice-based implication of our resustsoi reinforce the importance of
intervening on multiple levels of the social ecotadj framework. Researchers and
practitioners need to find evidence-based waystervene at multiple levels. Engaging
with employees, managers, and key leaders is atsmmended. For example, although
we gained great support from top leadership, coliation with food services personnel,
at a different management level, was not alwaydesti This may have been due to
busyness of the food service staff, conflicts betwiaining times and work demands, or
lack of interest/support.

Another level of intervention would be achievedd®yising ways to identify and
engage informal leaders within workplaces in additio formal leaders such as
supervisors or managers. Specifically, if theeedrampions of healthy food changes in
the cafeteria, it is likely that employee awarenassess to and utilization of the WC
program may be increased. Although not a focukigistudy, employee wellness
committees may help identify program champions sswlre desired support for
wellness activities and environmental chatfesFinally, to accommodate employee
schedules and competing demands, differing indalidieeds and learning styles, a
variety of healthy foods and educational matesalsuld be offered from which

employees can select their own healthy foods tp tiem lose weight.
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The third implication for practice is that a welbsbd weight loss program can be
more effective in helping employees lose weigltoiplemented by weight-loss
incentives and organizational-level interventiake WC.

The Community Preventive Services Task Force recends technology-
supported multi-component coaching or counselitgruentions including web-based
programs intended to reduce weight or maintain tdmss on the basis of sufficient
evidence that they are effective in improving weigtated behaviors or weight-related
outcome$'’. Many health behavior interventions can be dediddsy web-based program
such as teaching behavioral management skills, lmgder demonstration, participatory
skill development, and individual benchmarking.(igoal-setting and achievement), and
provide feedback and building social support fdndeoral patterns. Such practices can
be even more effective if they are complementetitancial incentives, typically given
for participation and completing the prografh

Incentives consist of rewards for weight loss aelddvioral change to increase
physical activity or improve nutrition. The incerds can vary in size and by timing (or
type) and can be used for screening, enrollmemptiance (i.e., staying in the
program), completing the program, and maintenahtieeochanges after completing the
program®:. The greater difference in employee weight lossgaring the WC only
group with those of WC+WPI and WC+WEB suggests finaviding incentives in
worksite-based interventions may strengthen theceffof the web-based weight loss
program. Moreover, the organizational-level intetven (WC) may also provide support

to the desirable behavioral change and reinforeetfects of the individual-level
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interventions (WEB, WPI) on weight loss. Additiomakearch to see if these weight
changes sustain over time would be beneficial.

Another important implication for practice is thvabrksite-based weight loss
interventions should target autonomous motivatioth self-efficacy as pathways to help
employees make positive behavioral changes anéwaeweight control.

Findings from this dissertation indicate that fio@hincentives combined with
the web-based weight loss program may promote @ugimnomous motives to
participate in the WAY study, which in turn resutlisthe reduced total calorie intake and
body weight among overweight and obese employefést Aeviewing empirical findings
from weight control studies that have used SDT messsand assessed their association
with weight outcomes, Teixeira et al (2012) suggest if individuals fully endorse
weight loss-related behavioral goals and feel nsit gompetent but also have a high level
of autonomy about reaching them, their effortsracee likely to result in long-lasting
behavior chandgé". This finding is promising and suggests that aoeous motives are
important to encourage among those who are hopitage weight and keep it off over
time. The results of Paper 2 deepen our undernstgrd Teixeira’s findings and suggest
that the autonomous motives can explain the efl#ct8AY interventions on the total
calorie intake and body weight.

Although WAY weight loss interventions (WEB and WWRiere not successful in
changing physical activity self-efficacy, empiri@lidence shows that increased self-
efficacy may lead to desirable changes in nutrjtjgysical activity and weigfft %

219 While testing and developing theory is a wortHevlictivity in its own right, the real

significance of understanding important constriicism SCT and SDT are most useful if
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we can integrate these constructs in meaningfubvaaypart of interventions to help
employees lose weight or maintain a healthy weiglmt this regard, the growing
evidence for the utility of SCT-based and SDT-baségtventions for obesity prevention
and control is a significant advarite Prevention and interventions directed toward
overweight and obese employees at workplaces shargdt autonomous motives and
self-efficacy to promote healthy lifestyle and &lfhthem lose weight, which are both
theory- and evidence-based. These dissertatiottsesiggest that helping employee
build their self-efficacy and increase their autmoais motives may be efficient ways in

delivering weight loss interventions to reduce atyas workplaces.

6.5. Recommendations for Future Research

First, evaluation of interventions implemented witmultilevel systems such as
worksites require consideration of multiple levefsnfluence and impatt. In this
study and future studies, we need to make decis@ated to how results will be used
(e.g., to provide empirical evidence for guidinghgeal practice, or to evaluate
effectiveness within a specific system), what mdthand designs will be employed (e.
g., quantitative, qualitative, mixed methods), ¢#lvaluation questions, the complexity of
the evaluation model (e.g., outcomes are multidsiearal vs. one-dimensional; data
reflect perspectives of single vs. multiple stakdbrs), the intended duration and nature
of inquiry (focus on process and immediate outcqrueg-term effects, evaluation of
repeated cycles of intervention), and the scopgbefntervention (e.g., single vs.
multiple sites). For example, acceptability anegrity of a worksite-based intervention
might be influenced by cultural norms and expectetiwithin the larger worksite context

(e.g., administration does not support time devtetie goals that are not related to
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job). Furthermore, efforts to implement sustainablerventions require consideration of
priorities, resources and infrastructure at theanizational levels.

It is critical to examine the process, implemewtatidesign characteristics and
program content in evaluating the multilevel inewtions. Just as medications fail to
work when certain active ingredients are missinggrventions may be more likely to fail
when particular areas of program content are nificgntly covered. RE-AIM is a
useful tool not only assessing the efficacy ofatiéht types of interventions, but also
assessing the process of implementing the inteorerffour different types of
intervening variables were examined in this study should be examined in the future
studies: a) participant characteristics of thosemed by the WC; b) implementation
characteristics (e.g., implementation of the WQgpam at both individual and
organizational level); c) design characteristicg.(eappropriate design and analytic
procedures for multicomponent, multilevel intervens); and, d) program content (e.qg.
the mediational analysis in Paper 2 took into antthe program content such as self-
efficacy and autonomous motives and examined wh#tee/ VAY interventions worked
through certain program content).

Secondlyalternatives to RCTs are necessary to fully undadsthe conditions
under which interventions work in real-life settd. We have presented the RE-AIM
framework combined with a natural experiment in¢batext of a large randomized
controlled trial that involves assessing multipl@ensions of program success, drawing
on perspectives of multiple stakeholders, and eypdomultiple methods for data

collection. Evaluation of sustainable multileveterventions requires the use of
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evaluation data to inform program implementatiod adaptation to variations across
individuals, levels and timé&"

The complexity of multilevel interventions preseséveral challenges for
evaluators and calls for consideration of alteueaito traditional experimental designs.
Practically, researchers face the following chajeshwhen designing an evaluation of
multilevel interventionsfeasibility of randomized controlled trials withoommunity-
based multilevel intervention; acceptability andiabor cultural validity of evaluation
procedures; implementer, recipient, and contextaahtions in program success;
interactions among levels of the interventidiiferential attritionor selection bias;
unanticipated changes or conditions; multiple iathes of program success; engaging
multiple stakeholders in a participatory process} avaluating sustainability and
institutionalizatioA?". Surmounting the challenges of multilevel interiems holds
promise for developing and testing interventiorat ttan be effectively translated to
practice in real-life settings.

Thirdly, there is an urgent need for future worksltetary intervention studies to
include objective measures of weight, dietary beraand environmental conditions.
Examples of such objective measures include bodghtas well as environmental
indicators such as cafeteria and/or vending macatess data, and nutritional analysis of
foods available at worksites. Future studies shaldd consider assessing dietary intake
outside the workplace (e.g. at home) because gidtential for compensatory behavior
in the home. An example of assessing home food@mwients can be found in the
Consumer Behavior Questionnaire that was obtainguhe of the NHANES Family

Questionnair&? regarding food availability in the home, familyofbexpenditures, time
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spent cooking dinner, number of meals eaten togetha family, and number of meals
eaten together cooked at home.

Another important recommendation for researchas filture subgroup analyses
are needed to inform practitioners about whichrugstions (or components of an
intervention) work best for whom. This could guidéure program development,
implementation and evaluation.

Practitioners will benefit from knowing which intemtions (or intervention
components) are most effective for which typesede Individual characteristics, such
as race, gender, and risk status influence progféants. Understanding results in ways
that can inform practitioners in the process ofgpam development, implementation and
evaluation is helpful. We suspect future studiey owne to identify significant
moderating factors for the effects of specific weilpss interventions, such as weight at
baseline, age, gender, previous health conditmmnsocial norms and social support.
Tests of moderation offer information about whichgrams elements may be more
relevant for particular populations or subgroupswerweight and obese employees.
Equipped with knowledge about “what works” and “f@nom,” intervention researchers
may be able to have a larger impact on a great@abeuof employees.

Lastly, choosing an appropriate time frame is @sthen conducting
mediational analysis. There is increasing evideéhaehigh autonomous motivation is
important to sustain exercise behaviors over tatapugh the pool of studies supporting
this inference is limitei’. Longer-term studies and follow-ups will be esp#yi
important in evaluating the efficacy of autonomougtivation in weight maintenance.

For that reason, our study is perfect in choosingjatively long-term (i.e., 12 months)
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time frame for testing the autonomous motivatioma asediator between WAY
interventions and weight loss. Conversely, somearhers found that web-based
programs promote self-management in a short antemidtime frame (i.e., 3-5
months§? It is very important to select an appropriatedtiframe when collecting data
to access the mediation effects on self-efficagyethe available time points, we
examined the relationships among the WAY intenangiand self-efficacy at 3 months
and behaviors at 6 months and weight at 12 monrttike time frame is inappropriate
(e.g., the independent and dependent variableneasured far apart when the effects
diminish or are too close when the effects havieatt enough time to show), the results
will be biased. Future research could consider mathods of collecting the real-time
data on psychological factors such as ecologic nmbang analysis or use of new tablet or
other devices that allow continuous real-time dggimads. In addition, the Synergetic
Navigation System (SNS) is a new internet-baseni@ogy of data collection and data
analysis that has been applied to increase quatityefficacy in psychotheraffy. Such
methods can probably provide more time-sensitita teat are amenable for mediational

analysis in future weight loss studies.

6.6. Conclusions

Although weight loss interventions are increasingiguired to be evidence-
based, few evaluations of these programs have &eahtross-level interactions between
the intervention components or whether theory-basgdhological processes and
targeted behaviors account for program suééééswithout this knowledge, one cannot
justifiably conclude how or by which content a jparkar intervention program produced

effects. In Paper 1, we used RE-AIM as the evatndtamework, we assessed the reach,
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adoption, implementation and effectiveness of ammim-intensity environmental
intervention on both the primary (weight loss) aedondary (diet) outcomes using all
available longitudinal data (baseline, 3, 6 andridhths), mixed methods (e.g.
environmental scans, campus contact and employeeys) and multilevel models. We
found that the synergistic effects of environmentange programs and individually
focused health promotion hold great promise fouoath the burden of overweight and
obesity among employees. Results of Paper 1 atggestithat Winner’s Circle has the
potential to be adopted, implemented and acceptdubth the employers and employees.
Paper 2 of this dissertation used the 1-1-1-1 designediational analysis to examine
key theoretically guided mechanisms of weight iosthe WAY to Health interventions
(e.g. WC + WEB; WC +WPI). Results revealed pathwianksng worksite-based weight
loss interventions, employees' self-efficacy anaomous motives with behavioral
outcomes and weight loss. Taken together, thesertiggion results help clarify key
mechanisms associated with WAY to Health intena@rgiand provide useful insights to

help develop and evaluate effective workplace-bagsdht loss interventions.
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