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ABSTRACT.

Executive functions (EF) are higher-order cognitive processes, such as inhibitory control and decision-making
that facilitate goal-directed behavior via the regulation of behavior, emotions, and thoughts. Impairments in EF
have been associated with obesity in children and adults; thus, EF has been demonstrated to play an important
role in weight management. A limited number of studies have demonstrated that children with EF problems (e.g.,
impulsivity) have poorer weight loss treatment outcomes. Despite the significant role of parents in the “gold
standard” family-based behavioral treatment for pediatric obesity, none of these studies, to our knowledge, have
examined parental EF in the context of family-based treatment. Albeit, other parental factors such as weight
change are salient child treatment outcome predictors. Unfortunately, body mass index (BMI) has been used as
the primary indicator of weight status in most studies examining EF and obesity, as well as family-based
behavioral treatment outcomes, but it has limitations for underserved groups such as racial/ethnic minorities that
have the greatest need for tailored treatment. Thus, we propose to examine whether child and parental EF
predict body composition treatment outcomes and adherence to a 6-month family-based behavioral treatment
for pediatric obesity. We hypothesize that children with poorer EF, and those who have parents with poorer EF,
will have poorer body composition and adherence outcomes. Findings will be used to submit a larger grant (e.g.,
R01) to examine EF as a predictive tool for family-based behavioral treatment for pediatric obesity and to develop
EF-focused treatment enhancement strategies. The specific aims and hypotheses of the current proposal
include the following: Aim 1: To examine the effect of child pre-treatment EF on change in body composition
outcomes and adherence to treatment at 6 months (i.e., post-treatment). Hypothesis 1: Children with
low/impaired EF will have poorer treatment outcomes than children with high/intact EF, such that they will
demonstrate less decrease in body fat, fewer sessions attended, and less self-monitoring. Aim 2: To examine
whether parental pre-treatment EF predicts change in child body composition outcomes and adherence to
treatment at 6 months. Hypothesis 2: Parents with low/impaired EF will have children who lose less body fat and
demonstrate poorer adherence to treatment compared to children of parents with high/intact EF. Aim 3: To
examine the association between parent and child EF at pre- and post-treatment. Hypothesis 3: Child and
parental EF will demonstrate a strong association at pre- and post-treatment. Participants will include 16 children
aged 8-12 and their parents with obesity recruited from the Children’s Weight Management Clinic. Child and
parent EF will be assessed at pre- and post-treatment with performance-based and subjective measures
including the NIH Toolbox Cognitive Battery and the Behavioral Rating Inventory of Executive Function — Adult
and Parent. The primary outcome is change in body composition measured by Dual-energy X-ray Absorptiometry
(DXA). Secondary outcomes will include indicators of adherence to treatment measured by number of sessions
attended and number of completed days of diet and activity self-monitoring using the USDA SuperTracker
software. Statistical analyses will include Wilcoxon-Mann-Whitney Tests to compare high vs. low EF group
outcomes (Aims 1 and 2), as well as simple correlations to examine the association between parent and child
EF (continuous EF variables) in addition to Chi-Square or Fisher’'s Exact Tests and kappa agreement analyses
(binary EF variables) (Aim 3).



SPECIFIC AIMS.

Family-based behavioral treatment (FBT) is the leading evidenced-based intervention for children with
overweight or obesity and their families."? FBT typically involves working with children and caregivers to modify
diet and physical activity using behavioral strategies such as problem solving, goal setting, and self-monitoring.?
Approximately one-third of children who complete FBT show clinically meaningful, long-term improvements in
weight status;*° however, two-thirds of children continue with overweight or obesity despite receipt of FBT.® The
tremendous variability in outcomes suggests that underlying mechanisms are not well addressed in current FBT
programs. It is imperative that the factors impacting children’s weight outcomes in FBT are clearly
identified in order to better meet the needs of this high-risk population.

Children with poorer weight loss outcomes in weight loss interventions often exhibit characteristics (e.g.,
impulsivity;® eating disorder symptomology)’ which suggest that there are underlying problems with executive
function (EF). EF is an umbrella term for higher-order cognitive processes that facilitate goal-directed behavior,
much like a “control center” in the brain. Youth with obesity demonstrate poorer EF in several domains including
inhibitory control, cognitive flexibility, and attention.® Thus, these youth tend to have selective attention toward
energy-dense foods,’ greater perseverative thinking about these foods,' and more difficulty resisting them."1?
In our research in children with obesity, almost 1 in 3 exhibited clinically significant levels of executive
dysfunction.® Similarly, we recently collected EF data demonstrating that up to 1 in 5 adults with obesity enrolled
in a randomized controlled trial for weight management reported clinically significant EF impairment. The
frequent co-occurrence of EF problems and obesity is problematic,®'*'® as FBT relies heavily on EF skills such
as self-monitoring, problem solving, and cognitive flexibility to make successful lifestyle changes. Moreover, the
maijority of parents participating in FBT also have overweight/obesity, which suggests that EF may be impaired
in both the parent and child participating in FBT for weight management.

Yet, despite the significant role of parents in the “gold standard” family-based behavioral treatment for pediatric
obesity, no study, to our knowledge, has examined parental EF in the context of FBT outcomes. Thus, we
propose to examine whether child and parental EF predict body composition outcomes and adherence in the
context of a 6-month FBT protocol for pediatric obesity. Unfortunately, body mass index (BMI) has been used as
the primary indicator of weight status in most studies examining EF and obesity, as well as FBT outcomes, but
it has limitations for certain groups. However, BMI may not be as sensitive an indicator of cardiometabolic health
for racial/ethnic minorities." Yet, racial/ethnic disparities in FBT have been understudied including a dearth of
literature on the role of EF in obesity among different racial/ethnic groups. To address these gaps in the literature,
our overarching aims are to: (1) examine the effects of parent and child EF on treatment outcomes and
adherence in a 6-month FBT program for obesity in a diverse group of children aged 8-12 (N=16 child-parent
dyads), and (2) examine the association between parent and child EF.

Specific Aim 1: To examine the effect of pre-treatment (0 months) child EF on child body composition outcomes
and adherence to treatment at post-treatment (6 months).

Hypothesis 1: Children with low EF will have poorer treatment outcomes than children with high EF, such that
children with low EF will demonstrate less decrease in body fat, fewer sessions attended, and less self-
monitoring.

Specific Aim 2: To examine the effect of pre-treatment (0 months) parental EF on child body composition
outcomes and adherence to treatment at post-treatment (6 months).

Hypothesis 2: Parents with low EF will have children who demonstrate less decrease in body fat, fewer sessions
attended, and less self-monitoring than children of parents with high EF.

Specific Aim 3: To examine the association between parent and child EF at pre- and post-treatment.
Hypothesis 3: Child and parent EF will demonstrate a strong association at pre- and post-treatment.

This predictive approach targets a cognitive factor potentially associated with high variability in weight-related
outcomes and adherence to standard FBT for pediatric obesity.'® The findings from this project will be used to
submit a larger grant (R01) to examine EF as a predictive tool for outcomes in FBT for pediatric obesity and to
develop EF-focused treatment enhancement strategies. Findings may also inform future research examining EF
as a factor involved in the intergenerational transmission of obesity.



SIGNIFICANCE. There is remarkable variability in outcomes for evidence-based behavioral treatment for
pediatric obesity."® Family-based behavioral treatment (FBT) is the leading evidence-based intervention for
pediatric obesity.? Yet, two-thirds of children who complete FBT fail to achieve a healthy weight in adulthood.®
As self-management behaviors are key for successful FBT outcomes, FBT is designed to help families develop
self-management skills, including goal-setting, self-monitoring, problem-solving, and action-planning.? However,
EF may impact self-management behaviors and treatment outcomes. Self-regulation theory posits that EF
underlies self-regulation’®? and likens self-regulation to a muscle that fatigues with demand (e.g., resisting
temptation). As such, EF has been associated with various weight-related behaviors, weight status, and obesity
in observational, non-intervention studies the lifespan.?"? Furthermore, EF_has been associated with bariatric
surgery outcomes such that pre-surgical EF levels predicted weight loss and adherence outcomes (higher
baseline EF, greater weight loss and better adherence).?**” However, few studies have investigated the role of
EF in predicting pediatric outcomes in FBT,?® and no studies to our knowledge have examined the effect of
parental EF on child outcomes despite their involved role in FBT.

INNOVATION. The current study proposes to utilize baseline levels of EF from children and their parents to
predict treatment outcomes in FBT, which has not been done before to our knowledge. This will provide a better
understanding of parental cognitive factors that may influence child outcomes in treatment to serve as a stepping
stone to treatment tailoring. Furthermore, the study utilizes children’s body fat mass which may be a more
sensitive estimate of cardiometabolic health as the primary outcome, but is less frequently studied in association
with EF, particularly in the context of FBT including racial/ethnic minorities. This may improve the bio-behavioral
understanding of the effect of EF on body composition in treatment among various racial/ethnic groups.

APPROACH.

Participants and Setting. \While adolescent obesity levels continue to rise, those in children (aged 6-11)
appear to have leveled off despite remaining high.?° Thus, the pre-adolescent years may be an ideal window for
identifying individual and familial characteristics affecting outcomes in FBT. We will recruit a total of 16 children
aged 8-12 and their parents from the Children’s of Alabama Weight Management Clinic. Aimost half (48%) of
the children from the Weight Management clinic are in our target age range. The majority (64%) are female with
a diverse racial/ethnic breakdown: African American (51%), non-Hispanic White (41%), Hispanic (6%), and Other
(1%). Thus, we expect to recruit a diverse sample. All research visits will take place at the main campus of the
Children’s of Alabama Hospital, where the Pl has reserved space. Children will be escorted to the UAB Webb
Building for the DXA scan which is a short walk from the Children’s Hospital.

Recruitment and Screening. The Pl is a provider in the Children’s of Alabama Weight Management
Clinic which will serve as a recruitment base, averaging ~220 new patient referrals each year (5 new patients
per week). Interested parents will contact study personnel in clinic or by phone to receive information about the
study and undergo a screening to assess inclusion/exclusion criteria. Inclusion criteria. Children who: (1) have a
BMI = 85™ percentile; (2) are >8 and <12 years old at the beginning of treatment; (3) can read, write, and speak
English, along with their parent; (4) plan to stay living within the local area during the study period; (5) have a
consenting parent who can commit to all study procedures and provide reliable travel. Siblings will be eligible for
study inclusion if they meet the above criteria and will be allowed to use the same participating parent (sibling
effects would then be addressed in statistical analyses). Exclusion criteria. Children who: (1) have been
diagnosed with a medical condition and/or are taking medication known to affect appetite/weight; (2) are currently
participating in a formal weight management program beyond their usual medical care or have a parent
participating in a formal weight management program; (3) have been diagnosed with an intellectual disability or
traumatic brain injury; (4) have medical contraindications to physical activity.

Procedures. Children and caregivers who meet preliminary eligibility will be scheduled for a baseline
visit within one month of the first treatment session during which eligibility will be confirmed including BMI
assessment and informed consent/assent procedures will be conducted. Dyads providing informed
consent/assent will complete the assessment items outlined below in the Measures section. Pre- and post-
evaluations are estimated to take 90 minutes. There will be 2 groups of FBT on after-school evenings including
8 dyads in each group (a total of 16 child-caregiver dyads) based on previous experience and feasibility. A total
of 18 treatment sessions will be held over 6 months: 12 weekly sessions during the first 3 months and 6 bi-
weekly sessions over the last 3 months. FBT is a manualized, group intervention for children with obesity and
their caregivers that incorporates dietary modification, physical activity prescription, a variety of session topics
on nutrition, physical activity, and behavioral support for reaching goals. The intervention will be coordinated and




supervised by the PI, a Ph.D. level clinical psychologist. Each group will be co-led by the Pl and a graduate
research assistants: one leader for the child group and one leader for the caregiver group. Lifestyle intervention
programs for pediatric obesity, demonstrate 6-12 month retention rates >70%. Given our 6-month protocol, we
have estimated a 75% retention rate for the 6-month assessment. We will employ a variety of retention strategies
including: (1) FBT at no-cost; (2) escalating monetary incentives for completion of assessments - $40 (baseline)
and $75 (month 6); and (3) reimbursement of on-site parking for all study-related visits. To assure assessment
and treatment fidelity, EF testing will be conducted using validated, computerized instruments and standardized
scripts and administration protocols. The Pl will provide training and regular supervision with all individuals
participating in treatment delivery and cognitive assessments. Assessment and treatment sessions will be audio
recorded and evaluated by the Pl and any adherence issues will be immediately addressed, including re-training.

Measures. Child and parent demographic data and medical history will be assessed at baseline via
parent questionnaire. The remaining measures will be administered at pre- (baseline, 0 months) and post-
treatment (6-months). Child and parent height and weight will be measured in light clothing and no shoes. Height
will be measured to the nearest 0.1 cm with a Seca 213 portable stadiometer. Weight will be measured to the
nearest 0.1 kg with a Tanita SC-240 bio-electrical impedance (BIA) analyzer and standard scale. Child
height/weight measurements will be converted to zBMI using CDC age and sex specific scales. Child and parent
performance-based EF will be tested using the NIH Toolbox Cognitive Battery. Subjective EF will be measured
using the Behavioral Rating Inventory of Executive Function — Adult and Parent. Primary outcome will be body
fat mass using Dual-energy X-ray Absorptiometry (DXA). Secondary outcome will include adherence to
treatment measured by number of sessions attended and number of completed days of diet and activity self-
monitoring using the USDA SuperTracker software, defined by =2 meals and exercise minutes recorded daily.

Data Management and Statistical Analyses. SPSS Version 24 will be used for all statistical analyses.
Statistical analyses will include Wilcoxon-Mann-Whitney Tests to compare high vs. low EF group treatment
outcomes (Aims 1 and 2), as well as simple correlations to examine the association between parent and child
EF (continuous EF variables) in addition to Fisher's Exact Tests and kappa agreement analyses (binary EF
variables) (Aim 3). A composite score of EF will be created and used for NIH Toolbox. Published age-adjusted
norms are available for the NIH Toolbox. Individuals at or above the mean level normed scores will be considered
“high EF” and those below the corresponding mean level score will be considered “low EF”. Clinical cutoffs are
published for the BRIEF/BRIEF-A. A T-score 260 (i.e., subclinical to clinical) in any domain will be considered
“low” whereas a score <60 will be considered “high”.

Potential Challenges and Alternative Approaches. Several potential confounders of EF effects on
treatment outcomes have been identified (e.g., binge eating, ADHD). We expect a low endorsement rate of these
in our study sample but will assess at baseline for future research purposes, although given our sample size we
will not be able to adjust for these factors in data analyses. In addition, there is potential for reverse causality.
We hypothesize that EF will affect treatment outcomes based on theory and previous research, but we
acknowledge that the alternative direction of weight/body fat loss impacting EF is also important and possible.
Our data will allow for exploratory examination of alternative directions between these constructs since EF and
body fat will be measured pre- and post-treatment.

PLANS FOR FUTURE FUNDING. Findings will be used in an extramural grant proposal (R01) to conduct a
larger scale study that builds upon this proposal to increase the understanding of the bio-behavioral relationships
between EF and metabolic factors and outcomes (e.g., glucose, inflammation) in a large, RCT comparing FBT
to a treatment that targets EF for pediatric obesity. In addition, these data could be used to develop a grant
related to family-based treatment planning and tailoring (e.g., SMART design) for underserved groups. Several
current RO1 program announcements would fit well with these goals: NIDDK’s PAR-16-304 Ancillary Studies to
Identify Behavioral and/or Psychological Phenotypes Contributing to Obesity and NINR’s PA-17-115 Chronic
Condition Self-Management in Children and Adolescents, PA-17-118 Reducing Health Disparities Among
Minority and Underserved Children, and PA-14-112 A Family-Centered Self-Management of Chronic Conditions.

NORC CORE USE. The NORC Metabolism and Biostatistics Cores are essential to the successful
implementation and completion of the proposed study. The Metabolism Core will be used to conduct DXA scans
on participating children pre- and post-intervention to assess body fat mass. The Biostatistics Core will be utilized
for data analysis consultation and support.
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