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A B S T R A C T

Weight gain is prevalent among people with traumatic brain injury (TBI) and may be attributable to environ-
mental or injury-specific factors such as mobility impairment, endocrine dysfunction, behavioral and emotional
disorders, and sensory loss. Few weight management programs exist to meet the unique needs of this population.
Researchers modified a nationally recognized, evidence-based weight-loss program, Group Lifestyle Balance™
(GLB), to address the needs of over-weight and obese people post TBI (GLB-TBI). This current randomized
controlled trial (RCT) examines the efficacy of the GLB-TBI on weight and secondary outcomes compared to an
attention control educational support group. Furthermore, researchers have developed a mobile technology app
to further engage participants in the program. This RCT will enroll and randomize 66 participants over a two-
year period. It is anticipated that findings from this current RCT will contribute to the knowledge and evidence
for an effective weight-loss intervention among this underserved population, with a goal of achieving full re-
cognition by the Centers for Disease Control and Prevention-National Diabetes Prevention Program and sub-
sequent Center for Medicare and Medicaid Services reimbursement for participation.

1. Introduction

Weight gain is prevalent among people with traumatic brain injury
(TBI) [1–3]. Cross-sectional data from the TBI Model Systems long-
itudinal database in the U.S. including 7287 people with TBI indicated
that 56.8% of the sample were overweight/obese (Body Mass Index
[BMI]> 25) at 1, 2, 5, 10, 15, 20, and 25 year follow-ups post injury
[1]. Weight gain in people with TBI can often be attributed to en-
vironmental (e.g., accessibility; social support) and injury-specific fac-
tors such as impaired mobility, neurological dysfunction, medications,
and changes in metabolic processes [4–7]. Subsequently, weight gain
increases the risk of chronic diseases such as diabetes, metabolic syn-
drome, pulmonary and heart disease [8–10]. Effective approaches to
weight-loss are lacking, yet necessary, due to the unique physiological
and cognitive needs of persons with TBI [11,12]. Evidence suggests that
interventions that improve physical activity and healthy eating beha-
viors concurrently offer greatest potential for weight-loss [13,14]. The
Group Lifestyle Balance (GLB) intervention is a 12-month, evidence-

based physical activity and healthy eating program that has been used
extensively with the general population [15–17], but not with people
with TBI. Researchers modified the program [18] to meet the needs of
people with a TBI (GLB-TBI) and pilot results with 18 individuals with
TBI demonstrated that participation resulted in 5% weight-loss
(10.2 ± 13lbs) over 12-months [19]. To generate strong evidence of
the GLB-TBI efficacy for promoting weight loss, this protocol paper
describes a randomized controlled trial of the GLB-TBI Intervention
compared to an attention-matched Support Group-based Educational
Intervention. Researchers supplemented the GLB-TBI program with a
mobile app after 94% of pilot participants indicated that text messaging
to support weight-loss would have been “very helpful” to boost moti-
vation. This protocol paper followed the Standard Protocol Items: Re-
commendations for Interventional Trials (SPIRIT) checklist (Appendix)
to report relevant clinical trial details as recommended by the
EQUATOR Network (Enhancing the Quality and Transparency of
Health Research).
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1.1. Objectives and aims

Aim 1: To examine the efficacy of the GLB-TBI compared to an at-
tention control at 3, 6, 12, and 18 months from baseline using a ran-
domized controlled trial. Hypothesis: The GLB-TBI group will result in
improvements in primary (weight) and secondary outcomes (HbA1C; waist/
arm circumference; blood pressure; 8-year diabetes risk; 10 MWT; 6MWT;
step count; social support; quality of life) when compared to an attention
control group at 3, 6, 12, and 18 months.

Aim 2.1: To determine participant compliance with specific com-
ponents of the GLB-TBI, including: (1) session attendance (2) self-
monitoring of dietary and activity behaviors, and (3) activity tracking
of step count. Hypotheses: GLB-TBI participants will (1) attend 80% or
more of sessions, and (2) complete and submit 85% or more of dietary and
activity tracking sheets during the core sessions.

Aim 2.2: Determine if compliance with the GLB-TBI is associated
with improvement in primary (weight) and secondary outcomes.
Hypothesis: Participants who attend 80% or more of sessions, complete
85% or more of their dietary tracking sheets during the core sessions, and
increase their step count by 25% or more over the 12-month program will
have improved primary and secondary outcomes.

Aim 3.1: Determine compliance with GLB-TBI and Attention Control
App to answer daily, weekly, and monthly questions. Hypotheses:
Participants will (1) complete 70% or more of delivered app questions within
each time period (daily, weekly, and monthly questions).

Aim 3.2: To determine usability of the GLB-TBI and Attention
Control App. Hypotheses: Participants will endorse scores of ≥ 3 out of 5
on all subscales of the usability measure.

2. Methods

2.1. Study design

This study is a single phase, assessor-blinded, parallel-group ran-
domized controlled trial. This study has been approved by the Baylor
Scott and White Research Institute Institutional Review Board (IRB) and
is prospectively registered on clinicaltrials.gov (NCT03594734). A
summary of the intervention design and assessment schedule is shown
in Fig. 1.

2.2. Study setting

All study procedures will take place at Baylor Scott and White
Institute for Rehabilitation (BSW Institute for Rehabilitation), an in-
patient rehabilitation hospital in an urban setting in the Southwestern
United States.

2.3. Participants/recruitment

People with TBI treated at BSW Institute for Rehabilitation, the
University of Texas Southwestern Medical Center clinics, or community
agencies serving people with TBI in the Dallas Fort-Worth metroplex
will be recruited through in person visits, flyers, calls, and emails.
Recruitment will take place over a 4-month time period to ensure the
target sample size is reached. Eligible individuals will contact the study
team by phone or email to learn more about the study and undergo
telephone screening. A snowball technique will be used for further re-
cruitment, and interested participants will be invited to ask other in-
dividuals with TBI that they know to contact the study team about
participation.

2.4. Eligibility

To determine eligibility, interested participants will contact the
research team using information provided on IRB-approved study fliers
and complete an eligibility screener over the phone. Eligibility criteria

Fig. 1. Enrollment and assessment schedule.
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and rationale are summarized in Table 1. Eligible participants must also
obtain medical clearance from their physician to participate in the GLB-
TBI. Informed consent will be obtained by trained research personnel in
a private setting at BSWIR prior to any research procedures taking
place.

2.5. Intervention

2.5.1. Group Lifestyle Balance intervention
The Group Lifestyle Balance (GLB) program is a self-management

intervention shown to result in weight-loss (5–7%) and reduce the risk
for Type 2 diabetes through increased physical activity and healthy
eating behaviors in the general population. [23–27] The GLB is
grounded in the Social Cognitive Theory [28] and the Healthy Belief
Model [29] and promotes participants’ engagement in health behavior
change. The GLB is a direct adaptation of the Diabetes Prevention
Program [23,30–33], both developed at the Diabetes Prevention and
Support Center at the University of Pittsburgh. The GLB is designed for
delivery in a group-based, community setting [25], and has resulted in
weight-loss in a variety of settings, such as community centers, chur-
ches, worksites, and healthcare systems [15,25,34–40]. The goal of the
GLB program is to help the participant achieve and maintain a 5–7%
weight-loss using a two pronged approach:

1. Physical activity: This is based upon recommendations by the
American Heart Association and the American College of Sports
Medicine (ACSM) to achieve 150min of moderate intensity activity
each week. Activity is increased at a safe and slow rate each week
for an ultimate goal of 150min.

2. Healthy eating: Based on United States Department of Agriculture
guidelines, the GLB emphasizes healthy eating patterns and tracking
dietary intake. Key recommendations include individuals con-
suming (1) a variety of vegetables, (2) whole fruits, (3) whole
grains, (4) fat-free or low-fat dairy, (5) a variety of lean proteins,
and (6) oils at every meal.

The GLB (see Fig. 2 for curriculum) is a one-year program with 22

sessions. It begins with 12 weekly sessions called the Core Program,
followed by a Transition phase consisting of 2 bi-weekly and 2 monthly
sessions, and a Support Phase consisting of 6 monthly sessions. The
program materials are publicly available under the Creative Commons

Table 1
Summary of eligibility criteria and rationale.

Inclusion Criteria Rationale

18–64 years of age Younger and older individuals are excluded as there is a separate GLB curriculum for those age groups and the
national physical activity guidelines are different.

≥6 months post-TBI This will allow resolution of acute consequences of TBI (e.g., hospitalizations, early neurorecovery).
Moderate to severe TBI at time of injury Severity of TBI will be determined by administering the Ohio State University Traumatic Brain Injury Identification

Method (OSU TBI-ID) [20] questionnaire during screening procedures. Severity scores range from 0 (no TBI) to 5
(Severe TBI).

BMI ≥25 kg/m2 BMI ≥25 kg/m2 is the definition of overweight or obese by the World Health Organization [21], and places people at
greater risk for pre-diabetes or diabetes.

Physician approval to participate in weight-loss program. Signed approval from participant's usual physician will be required, to ensure safety of the individual based upon
cardiac and other risk factors. Physicians will receive a description of the GLB-TBI intervention to help them assess
their patient's risk.

Has smartphone/tablet or willing to use one if provided Participants must be willing to use their own smartphone, or a smartphone provided by the study, as the study apps
will require data usage, which may incur charges, depending upon participant's plan.

Exclusion Criteria Rationale

Conditions in which physical activity is contraindicated Uncontrolled hypertension, unstable angina, severe joint disease, uncontrolled vertigo/dizziness.
Not fluent in the English language GLB-TBI has been delivered in English only, and hence its efficacy in other languages is unknown at this time.
Low cognitive function Low cognitive function will be defined as a score <10 on the Cognistat [22]. This is required so participants are able

to understand and comply with the adapted GLB-TBI written program materials.
Residing in a hospital, acute rehab setting or skilled

nursing facility
The intervention is intended to impact lifestyle behaviors (e.g., modified diet; increased activity) which are
challenging to control/unlikely to occur in these settings.

Taking diabetes medication Diabetes medications can result in weight-loss, which would confound findings from the GLB-TBI intervention.
Pregnancy Pregnancy is associated with weight gain and may not allow participants to comply with the calorie and weight-loss

goals or complete the 18-month program.
Past Participants Participants who have previously taken the GLB-TBI pilot program will not be eligible for participation in this RCT.
Pre-existing diagnosis of an eating disorder History of psychological diagnoses for eating disorders (e.g., bulimia, anorexia) require specific medical and nutrition

management, which are beyond the scope of GLB-TBI.

Fig. 2. Group lifestyle balance curriculum.
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licensing agreement.
The GLB curriculum was revised by researchers at BSW Institute for

Rehabilitation with specific adaptations for individuals with TBI (GLB-
TBI). Further information on these modifications are described else-
where [18], but general changes included 1) reducing the volume of
content to focus on 2–3 main points at each session, 2) caregiver in-
volvement in the sessions, and 3) TBI-specific handouts on weight-loss
barriers and healthy lifestyle importance. All modifications and adap-
tations were reviewed by the Diabetes Prevention and Support Center at
the University of Pittsburgh to ensure the evidence-based educational
and behavioral components of the original program were not altered.

Month Frequency GLB Session Topics

Core Sessions

1 Weekly 1. Welcome to the GLB Program
2. Be a Calorie Detective
3. Healthy Eating
4. Move Those Muscles

2 Weekly 5. Tip the Calorie Balance
6. Take Charge of What's Around You
7. Problem Solving
8. Step Up Your Physical Activity Plan

3 Weekly 9. Manage Slips and Self-Defeating Thoughts
10. Four Keys to Healthy Eating Out
11. Make Social Cues Work for You
12. Ways to Stay Motivated

Transition Sessions

4 Bi-Weekly 13. Strengthen Your Physical Activity Plan
14. Take Charge of Your Lifestyle

5 Monthly 15. Mindful Eating, Mindful Movement
6 Monthly 16. Manage Your Stress

Support Sessions

7 Monthly 17. Sit Less For Your Health
8 Monthly 18. More Volume, Fewer Calories
9 Monthly 19. Stay Active
10 Monthly 20. Balance Your Thoughts
11 Monthly 21. Heart Health
12 Monthly 22. Look Back and Look Forward

In-person sessions will take place at BSW Institute for Rehabilitation
and be taught by trained lifestyle coaches. Caregivers and partners will
be invited to join these sessions to speak, answer questions, and provide
peer support. In person sessions may include adapted cooking demon-
strations and guided exercise by an exercise specialist with experience
training individuals with TBI. Participants will be provided the session
materials before each session. In line with the GLB curriculum, parti-
cipants will track their daily calorie intake and physical activity and
submit their logs to their lifestyle coach on a regular basis. To increase
feasibility of this component, particularly for individuals with impaired
finger function, participants will be given the option to complete either
paper or electronic logs or use the MyFitness Pal calorie counting ap-
plication. Study staff will periodically review logs and deliver written
comments to the participant via mail or email.

Participants will also be given Garmin Vivofit activity trackers. The
Vivofit is a commercially available, arm-based activity tracker that has
a visual display. Participants will be informed that the reliability of
these activity trackers has not been estimated for people with TBI, but
that their purpose is to provide participants with feedback to gradually
increase their physical activity according to the program re-
commendations. Participants will be asked to regularly synchronize
their arm-bands to their phone or computer so that they and the life-
style coaches can review their activity and heart rate reports.

2.5.2. Attention control – educational support group
There are potential adverse effects of being randomized to a no-

treatment or wait-list control alone (e.g., participants on wait-list
finding alternatives for treatment) [41]. To address this, we will use an
attention control group, in which participants will receive approximate
contact or “attention” as the GLB-TBI group, but not the GLB-TBI in-
tervention itself. The attention control group will function as an edu-
cational support group and meet at the same frequency as the GLB-TBI
group (i.e., weekly for 3-months; bi-monthly for 1 month; once/month
for 8 months). Topics covered in the educational support will include
content from the TBI Model Systems Knowledge Translation Center's
factsheets (https://msktc.org/tbi/factsheets), as well as topics re-
commended by people with TBI involved in the project development
such as (1) healthy brain and effects of TBI on cognitive, emotional, and
behavioral functioning, (2) expectations for recovery, (3) preventive
and management strategies for common TBI sequela (e.g., irritability,
impulsivity), (4) stress management strategies (identifying signs, re-
laxation techniques, reassuring thinking), (5) signs and symptoms of
depression, and (6) strategies for effective communication. The edu-
cational support group will not receive any education on weight-loss
strategies. The primary educational support group facilitators are
speech-language pathologists who have the requisite training and ex-
perience to deliver the TBI specific content and manage the group
discussion. Caregivers and partners will also be invited to attend these
sessions to speak, answer questions, and provide support. Participants
will be provided with materials and factsheets prior to each session.

2.5.3. Technology/app
The use of mobile technologies to support clinical assessment and

intervention is rapidly developing and members of our research team
have demonstrated that daily app-based assessment of mood was fea-
sible and satisfactory among individuals with TBI [42]. However, re-
cent systematic reviews on mobile technology use for suicide preven-
tion and in sports concussion raised concerns around the unregulated
telehealth market and point to a clear a need for evidence-based apps
[43,44]. In support of Aim 3, we created our smartphone app using a
HIPAA-compliant native app platform. The app will provide access to
content to both the GLB-TBI (e.g., activity and dietary tracking; daily
GLB-TBI related tips; goal setting; self-reported health) and attention
control support group (e.g., daily TBI-related tips; self-reported health).
Content for the apps are structured from the GLB-TBI curriculum or
from topics covered during the attention control group sessions.

The app will be introduced during week 10 and begin collecting
data in week 12, which coincides with the decreased group contact
from weekly to monthly. Participants will be prompted by notifications
pushed directly to their smartphones to complete daily, weekly, and
monthly responses that take approximately 1–3min to complete. The
content of the apps is detailed in Fig. 3. Participants will be notified
through the GLB-TBI app to log activity, weight, and goal progress and
for both apps to rate well-being and quality of life using ordinal scales
and to receive daily tips developed around group topics. Participants
will also have the option to contact their GLB-TBI lifestyle coach or
support group facilitator if they need further support or app trouble-
shooting.

Based on positive findings from our pilot work [45], participants in
both groups will also have the option to join a closed Facebook page to
facilitate group cohesion and peer support, ask each other questions,
share challenges and successes, provide encouragement, and share re-
sources.

2.6. Outcome measures

The following demographic data will be collected at the baseline
assessment: severity of TBI (Ohio State University Traumatic Brain
Injury Identification Method) [20]; current age and at injury; sex;
parental history of diabetes; race and ethnicity; education level; pre-
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morbid history of mental illness; marital/relationship status; diagnosed
medical conditions; previous/present smoking and cigarettes/day; al-
cohol consumption and drinks/week; residence status; neighborhood
walk score; annual household income category; insurance type; em-
ployment status; resting metabolic rate; pre-injury weight, activity,
history of weight-loss attempts. Outcome measures are summarized in
Table 2 and the assessment schedule in Table 3. The outcome measures
were selected due to the suitability to identifying physiologic, physical
and cognitive function, and psychosocial health. Participants will be
compensated $25 for their participation in each assessment time point.

2.7. Sample size

Analysis of pilot data determined a required sample size of 66
participants (33 per group) to detect a 5% reduction in weight (GLB-TBI
program goal), with a power of 0.8 and assuming a 15% attrition rate
(observed during our pilot study). These estimates are based upon the
GLB-TBI weight-loss data which included weight at baseline
(212 ± 35lbs) and weight-loss after 12 months (10.2 ± 13lbs) [3,19].

2.8. Allocation

Patients will be allocated to the experimental GLB-TBI or attention
control groups using computer-generated random numbers in Microsoft
Excel. To ensure an even distribution between groups, block randomi-
zation will be used with blocks of size 4 and 6. Randomly mixing block
sizes will reduce the study coordinator's ability to predict the last as-
signment of each block. The randomization list will be generated by the
statistician with results contained in sealed envelopes labeled with
study identification numbers. After a participant is enrolled in the
study, a study coordinator will select the assigned envelope to reveal
the participant's group. Due to the nature of the intervention, it is not
possible to blind study participants to group assignment. However, to
reduce assessor bias, all participant assessments will be completed by a
separate coordinator who is blinded to group assignment.

2.9. Data management, quality assurance, exclusion of bias

All paper source documents will be kept in a double locked storage
cabinet in the BSW Institute for Rehabilitation research office. All case
report forms and outcomes data will be entered into REDcap, a HIPAA-
compliant (21 CFR Part 11) secure web application, by trained study
staff. All electronic data will be kept on a secure server and data will be
maintained for two years after study termination per federal guidelines,
at which point it will be disposed of in accordance to current policy.

Data management functions will occur on a quarterly basis and will
include data quality checks and verification, as well as internal edit and
logic checks (e.g., out of range values, internal inconsistencies). Ten
percent of charts will be audited for source document and data entry
review. Cross tabulation checks using SAS will also be used. Data will
be stored and backed-up periodically on the biostatistician's space on
the secure server. Descriptive statistics will be at calculated and in-
cluded into quarterly reports to ensure the quality of data and progress
of the study. The principal investigator will oversee all data entry and
proper data monitoring and audit procedures.

2.10. Statistical methods

Aim 1: All analysis will be performed using SAS 9.4[68] with a
significance level of 0.05. Evaluation of the primary and secondary
outcomes will be performed using general or generalized linear mixed
effects models [69,70] for the continuous outcomes including change in
weight from baseline, step count data, waist circumference, blood
pressure, Hba1C and lipid panel, functional measures, quality of life,
and Framingham 8-year diabetes risk score. A separate model will be
run for each outcome. The distribution of each outcome will be assessed
to determine if a general linear model will be utilized, or if a general-
ized linear model with an alternative distribution and link function,
such as the gamma distribution with a log link, will be more appro-
priate. Fixed effects included in each model will be time (3, 6, 12, and
18 months), group (experimental or control), time by group interaction,
and demographic variables, particularly if they are imbalanced after
randomization, thereby providing more accurate estimates of the

Fig. 3. Content and structure of GLB-TBI and attention control app.
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Table 2
Outcome measures for GLB-TBI project.

Measure Properties and Approach

Primary Outcome
Weight Obtained over the study period using the same scale that is accessible to people with and without a mobility device (e.g.,

walker; wheelchair).
Secondary Outcome
HbA1C, fasting blood glucose, lipid panel Fasting venous sample will be obtained for blood glucose, HDL/LDL cholesterol, and triglyceride level. Coordinators are

trained phlebotomists. Samples will be collected at BSW Institute for Rehabilitation and analyzed by an approved lab.
Biomarkers Samples will also be analyzed to examine biomarkers of brain health and recovery including Thyroid Stimulating Hormone,

Cortisol, Tumor Necrosis Factor-alpha, Brain Derived Neurotropic Factor, Insulin-like Growth Factor, and Vascular
Endothelial Growth Factor.

Circumference Waist circumference measured at the umbilicus and mid-upper arm circumference following ACSM guidelines [46].
Blood pressure Using an automatic cuff (average of three readings, patient seated) diastolic and systolic scores will be recorded
MedGem® This is an FDA-cleared and validated indirect calorimetry device. It is handheld and measures oxygen consumption (V02) to

determine resting metabolic rate (RMR) [47].
8-year Diabetes Risk The Framingham Heart Study diabetes risk score [48] will be calculated using predictors including age, gender, fasting

glucose, BMI, HDL cholesterol and triglyceride levels, blood pressure, and parental history. Risk score calculator and
regression model are free and used in GLB weight-loss trials [27,48,49].

10 Meter Walk Test (10MWT)a Assesses walking speed in (m/s) which is correlated to mobility in the community, capacity to perform ADLs, risk of falls,
re-hospitalization, and risk of cognitive decline [50]. For persons with TBI, a change of > 0.15–0.25m/s is considered to
exceed minimally clinically important difference (MCID) [51] and between day test reliability is excellent (ICC=0.95)
[51].

6 Minute Walk Test (6MWT)b Assesses distance walked (rolled for wheelchair users) over 6min as a sub-maximal test of aerobic capacity. Endurance is
essential to participate in community based activities. The 6MWT has excellent test-retest reliability (ICC=0.94–96)
[51,52] for people with TBI and normative gender-specific reference equations are available for comparison [53]: Men: =
(7.57 × height cm) – (5.02 × age) – (1.76 × weight kg) −309; Women: = (2.11 × height cm) – (2.29 × weight kg) –
(5.78 × age) + 667 m.

Step Countc The Garmin Vivofit will be worn for the study duration to measure physical activity data. The Garmin device is water
resistant at 1m for 30min and Bluetooth enabled and data will be transferred to the research team during assessment visits.
It can store up to 180 days of data and the battery lasts over 12-months and does not require charging. Compliance with the
Garmin during the GLB-TBI pilot study was 100% with zero lost devices. Participants will enter daily step count in the GLB-
TBI app, beginning at Session 10, with app-based prompts. The device is worn on the participant's non-involved arm.

Social Support for Diet and Exercise Behaviors Scale 23-item survey including four subscales: support for healthy eating (5 items); support for physical activity (11 items); social
undermining for healthy eating (5 items) and physical activity (2 items) [54]. Each item is rated on a scale of 1–5 (1 none; 5
very often), with respondents asked to rate support from family, friends, and coworkers. Higher scores represent greater
support and internal consistency ranged from Cronbach's α 0.72–0.76.

Behavioral Risk Factor Surveillance System (BRFSS) The BRFSS is a state-based system of health surveys that collects information on health risk behaviors, preventative health
practices, and health care access primarily related to chronic disease and injury. The GLB-TBI uses the two subscales of
Healthy Eating and Physical Activity from the 2017 version of the BRFSS. It consists of 14 items [55].

App Feasibility and Usability The Feasibility and Usability survey includes 14 items that assesses the participant's subjective experience with the App,
level of difficulty, prompting sequence, length, and understanding. Scores above 3 on the scale (1 [totally disagree] – 5
[totally agree]) indicate that the App was easy to use.

Patient Health Questionnaire-8 item The PHQ-8 is a brief self-report measure of major depressive disorder, derived from the PHQ-9 by removing the last
question regarding suicide assessment [56]. It is considered a valid measure of depression for population-based studies and
clinical populations, and has been used in studies of patients with physical injury [56,57]. Frequency of symptoms during
the last 2 weeks is assessed on a 0 (not at all) to 3 (nearly every day) scale. A cut-off score of 10 or greater is considered
diagnostic for current depression.

Satisfaction with Life Scale (SWLS) The Satisfaction with Life Scale (SWLS) [58] is a 5-item scale designed to measure global cognitive judgements of one's life
satisfaction. Participants indicate how much they agree or disagree with each of the 5 items using a 7-point scale that
ranges from 7-strongly agree to 1-strongly disagree. Scores are added together and a total score is calculated, wither higher
scores signifying higher satisfaction with life and lower scores signifying lower satisfaction with life.

Walk Score® Walk Score® is publicly available and measures the walkability of any address using a patented system. For each address,
Walk Score ® analyzes hundreds of walking routes to nearby amenities and awards points based on distance to each
amenity. Walk Score® also measures pedestrian friendliness by analyzing population density and road metrics such a block
length and intersection density. Scores are given on a scale of 0–100 [59].

Neighborhood Environment Walkability Scale
(NEWS)

NEWS assesses residents' perception of neighborhood design features related to physical activity, including residential
density, land use mix (including both indices of proximity and accessibility), street connectivity, infrastructure for walking/
cycling, neighborhood aesthetics, traffic and crime safety, and neighborhood satisfaction [60].

Self-Rated Abilities for Health Practice scale Measure includes 28 items that assess health practices among people with disabilities and yields a total Health Practices
score plus 4 subscales scores regarding Exercise, Nutrition, Health Practices, and Psychological Well Being. Items are rated
on a 5-point scale from 0 ‘not at all’ to 4 ‘completely.’ Scores range from 0 to 28 with higher scores indicating higher
exercise self-efficacy [61].

Montreal Cognitive Assessment (MOCA) The MOCA is a brief, 8-section assessment of various cognitive domains including executive function, memory, language,
attention, concentration, orientation, and working memory in neurologic populations [62]. The MOCA has also been used
in the TBI population [63]. Each item on the MOCA is allocated a set of points adding up to 30.

Holmes and Rahe Stress Inventory This inventory consists of 40 life events and asks the participant to recall if any of the events happened within the previous
year (e.g., death of spouse; personal illness; change in sleep). Endorsement of these events are totaled and higher scores
indicate a greater amount of stressful life events. Point values for the Holmes and Rahe Stress Inventory were weighted and
summed for each individual based on scoring instructions [64]. Individuals who scored 150 points or less were categorized
as low susceptibility to a health breakdown in the next two years, 151–300 points were 50% chance of health breakdown,
and 301 points or more were 80% chance of health breakdown.

Behavioral Assessment Screening Tool (BAST)d The BAST is a 46 item, validated survey of behavioral and emotional symptoms for community-based adults with TBI. This
is a self-report measure and is meant to be taken privately, without an assessor present. This assessment is a shortened
version of the validated 77-item survey [65], with questions related to environmental stressors removed due to
repetitiveness to other questions in survey packet.

General Self-Efficacy

(continued on next page)
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intervention impacts. A random patient effect with an unstructured
covariance matrix will be included to account for the correlation among
repeated measures.

Initial analysis will include missing observations due to either at-
trition or non-response. To determine if the results would change with
complete data, sensitivity analysis will be performed using iterative
Monte Carlo Markov Chain [71] multiple imputation to predict the
primary and secondary outcomes that are missing at follow-up time
points. All available demographic and outcome variables will be used
for the imputation process, which allows for greater recovery of the
missing data [72]. The multiple imputed datasets will then be analyzed
using the same mixed models as for the initial analysis. The final model
for the imputed data will be determined by pooling the estimates pro-
duced by the analysis of each imputed dataset.

Aim 2: Compliance with session attendance, self-monitoring of
dietary behaviors, and activity tracking will be summarized and tested
against the hypothesized values. One sample proportions tests will be
used to determine if the overall attendance rate was≥80%, if≥ 85% of
daily tracking sheets were completed and submitted, and if the average
change in step count was at least 25% from baseline to 12-months.

To determine if study compliance is associated with improvement in
our primary and secondary outcomes, we will analyze the data in two
ways at 3, 6, 12, and 18 months. First, we will define a new group

variable with 3 categories to represent control, intervention compliant,
and intervention non-compliant. The compliant group will include
participants who met all of the compliance goals (i.e., ≥80% session
attendance; ≥ 85% tracking sheets completed; ≥25% increase step
count). The general/generalized linear mixed effects models described
in the Aim 1 analysis will be used with the new group variable. Second,
we will include each participant's compliance measures (attendance
rate, percentage of completed tracking sheets, and percentage change in
average step count from baseline) as a fixed effect variable in the re-
gression models. This analysis will include only the experimental group
participants and will allow us to determine the extent to which each
area of compliance is associated with primary and secondary outcomes.

Aim 3: Feasibility of the GLB-TBI app is defined as compliance (total
number of completed daily, weekly, and monthly questions divided by
the total number of possible questions, calculated separately) and us-
ability (measured by the feasibility survey). Overall compliance of 70%
or greater within each time period will be considered good and tested
using a one sample proportions test. Usability will be defined as an
average score of> 3 on the usability survey. We will compare com-
pliant and non-compliant participants using t-tests, Mann Whitney U
tests, or Chi Square tests, as appropriate, to identify factors associated
with compliance with the GLB-TBI app.

3. Discussion

Traumatic brain injury continues to be the leading cause of injury-
related death and disability in the United States (US) [73]. More than
5.3 million people in the US currently live with TBI-related disability
[74] and increasingly TBI is considered a chronic health condition ra-
ther than a single event [75,76]. Individuals with TBI also experience
related secondary conditions such as weakness, impaired mobility,
sensory loss, impaired cognition, and emotional or behavioral dis-
orders, often then leading to further chronic conditions such as dia-
betes, heart disease, and hypertension [77]. Though evidence exists to
support the impact of a healthy lifestyle on weight loss and reduction of
secondary conditions such as diabetes, heart disease and hypertension,
few studies exist to promote a healthy lifestyle post TBI [78–80].
Therefore, there is a critical need to address these barriers and modify
evidence-based weight loss interventions to meet the unique needs of
people with TBI.

The GLB-TBI program was adapted from the original evidence-based
curriculum to specifically meet the unique weight-loss needs of people
with TBI. Through a revised curriculum, inclusion of care partners,
modified exercise and nutrition plans, discussion on barriers to weight-
loss specific to people with a TBI, and the introduction of a mobile
application to prompt engagement, researchers hope to address the
unique needs of people with TBI. It is anticipated that findings from this
current RCT will establish a strong evidence-based approach to weight-

Table 2 (continued)

Measure Properties and Approach

The ten items from the General Self-Efficacy Scale (GSE) are designed to examine goal-setting, effort investment,
persistence in face of barriers and recovery from setbacks as constructs of perceived self-efficacy [66]. The total score is the
sum ranging from 10 to 40 and the instrument has been normed against the U.S. Adult population with a mean score of
29.48.

Self-Report Habit Index (SRHI) This assessment measures the self-reported perceptions of habit strength for an identified behavior.112 It consists of 12
items for each selected behavior and uses a 7-point Likert scale from “completely disagree” to “completely agree.” Higher
totals represent greater perception of habit strength. The SRHI showed high internal reliability across four studies with
alphas of .89, .92, .89, .94, .95, .94, and .85 [67].

a We anticipate that 10% of our sample (n= 6–7) will be wheelchair users based on our GLB-TBI pilot (n=2 wheelchair users). The 10MWT will not be
appropriate for this subgroup.

b We anticipate that 5% of our sample (3–4) will be power chair users based on our GLB-TBI pilot (n= 1 power chair user). The 6MWT will not be appropriate for
this subgroup.

c Step count data will not be collected for power chair users (anticipated 5% of sample).
d We anticipate that 70% of the surveys will be returned at each time point.

Table 3
Schedule of measures Table.
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loss among this underserved population that is translatable into com-
munity settings nationally.

After demonstration of the efficacy of the GLB-TBI through this RCT,
all materials will be made available to the public, free of cost through
the Diabetes Prevention and Support Center at the University of
Pittsburgh. The GLB program is recognized by the Centers for Disease
Control and Prevention-National Diabetes Prevention Program (CDC-
DRPP) which has developed guidelines to recognize evidence-based
programs to ensure high-quality standards for effective implementation
and evaluation of lifestyle programs. A report by the Centers for
Medicare and Medicaid Services (CMS) found that the GLB would re-
duce net Medicare spending by $2650 per enrollee as it reduced par-
ticipant weight by 4.7%. Hence, in 2018, the GLB became eligible for
expansion into the Medicare payment program so individuals can be
reimbursed for participation [81]. The ultimate goal of this RCT is to
achieve full recognition by the CDC-DRPP and result in CMS re-
imbursement for people with a TBI living in the community.
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