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ABSTRACT 
 

Obesity is a pervasive chronic disease that disproportionately affects low income, ethnic 

minority populations. Individual response to adolescent obesity treatment is well 

documented. This project identified characteristics of low income, Hispanic middle school 

students that distinguished between being responsive or unresponsive to a school-based 

obesity intervention. Response to the intervention was defined according to American 

Academy of Pediatrics (AAP) guidelines. Overall, the Classification Regression Tree 

(CRT) models developed in Aim One illustrated the complex relationship between 

baseline factors and intervention response. Individuals who were unresponsive in the first 

three months were unlikely to become responsive by six months. This indicates the 

importance of providing alternative intervention to individuals initially unresponsive.  

 

Aim Two adapted clinical pediatric obesity treatment guidelines to the school setting to 

provide an escalated treatment option to low income, ethnic minority adolescents 

unresponsive to initial school-based intervention. Specifically, a stepped randomized 

control trial evaluated differences in BMI represented as a percentage of the 95th BMI 

percentile (%BMIp95) between an escalated treatment (Take CHARGE) and a 

maintenance program (PE Planners) following an established intensive lifestyle 

intervention (ILI). While there were no differences in %BMIp95 over the second semester 

between conditions (F(1,168.16)=0.28, p=0.60), there were statistically significant 

differences between treatment arms when response to ILI in the first semester was 

considered (F(3,166.14)=5.00, p<0.01). Specifically, among those unresponsive to ILI, 
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those in Take CHARGE! had a significantly greater decrease in %BMIp95 than those in 

PE Planners (β = -0.01, t=-2.52, p<0.01). Conversely, among those responsive to ILI in 

the first semester, those in Take CHARGE! had significantly smaller decreases in 

%BMIp95 than those in PE Planners (β= 0.02, t=2.31, p<0.05). Of those unresponsive to 

intervention, 29% in Take CHARGE became responsive compared to 26% in PE 

Planners. 

 

Taken together, these results indicate the importance of considering response to initial 

intervention when determining treatment plans. While escalated treatment improved 

outcomes for some initially unresponsive participants, many remained unresponsive. 

Future research is needed to refine the framework established in this project. Although 

schools can play an important role in staged obesity treatment, further treatment escalation 

may require community and clinical partnerships. 
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CHAPTER 1. INTRODUCTION AND REVIEW OF THE 
LITERATURE 

1.1 Overview of Pediatric Obesity 

1.1.1 The issue of pediatric obesity 
Pediatric obesity has reached epidemic proportions with 17% of children aged 2-

19 years in the United States classified as having obesity.1,2 Chronic diseases such as 

cardiovascular disease3-5 and type two diabetes,6 for which excess adiposity is a risk factor 

and which were once thought of as adult diseases, occur in youth. Having obesity during 

childhood, particularly during adolescence, increases the likelihood of having obesity as 

an adult.7,8 Therefore individuals with obesity as children are likely to experience the 

physical,9-11 mental,12 and social13 consequences of obesity throughout their lifespan. 

Importantly, increased risk for cardiovascular disease as an adult from having obesity as a 

child is attenuated by adolescent weight loss.11,14 The treatment of pediatric obesity is 

critical to not only improve the quality of life and health of youth now, but to also prevent 

poor health as an adult. 

1.1.2 Disparities in pediatric obesity 
No demographic is unaffected by obesity. However, certain populations are 

disproportionately affected, and the disparity between groups is growing.15 Adolescents, 

aged 12 to 19 years, have the highest rate of pediatric obesity at 20.5%.2 Specifically, 

Hispanic (22.8%) and Non-Hispanic Black (22.6%) adolescents carry a disproportionate 

share of the obesity burden compared to Non-Hispanic Whites (19.6%) and Non-Hispanic 

Asians (9.4%).2 The magnitude of this racial/ethnic disparity increases for severe 

adolescent obesity. Respectively 8.8% and 11.6% of Hispanic and Non-Hispanic Black 
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adolescents have severe obesity compared to 6.7% of Non-Hispanic Whites and 2.0% of 

Non-Hispanic Asians.2 Although often difficult to distinguish from race/ethnicity in 

practice, the prevalence of obesity is independently inversely related to income and 

educational attainment.1 Furthermore, obesity disparities between the lowest and highest 

income and education levels have widened over the past decade, especially among 

females.1 It is critical to address these health disparities to attenuate the prevalence of 

obesity and its consequences.  

1.1.3 Importance of treating obesity during adolescence 
In addition to being the pediatric age group with the highest prevalence of obesity,2 

adolescence is a critical time to intervene because poor health during the rapid growth and 

development experienced during this period can lead to improper physiological 

development that may impair health as an adult.16 Importantly, for most individuals, 

adolescence is the final life stage in which height growth occurs and can be used 

strategically to bring an individual’s weight and height into healthy proportion.  

During adolescence influences outside the home (e.g., teachers, peers, etc.) grow in 

importance and adolescents take on more responsibility for their health behaviors.17 This 

creates an opportunity to directly influence behavior change. Compared to younger 

children, behaviors practiced during adolescence are more likely to last into adulthood,18-

20 and adolescents have been shown to be better at maintaining weight reductions.21,22 

1.1.4 Pediatric obesity treatment options 
Adolescent obesity can be treated through behavioral intervention, medication, and 

bariatric surgery. Current guidelines call for a staged treatment of obesity based on the 

child’s age, degree of obesity, health risk, motivation, and response to prior treatment.23-27 
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Behavioral intervention is a key component of each stage of treatment. Stage one 

treatment is general and exposes children and their families to suggested behavioral 

changes. Stage two increases the amount of structure provided (i.e., specific plans for the 

child). Stage three increases the frequency of contact and number of health professionals 

involved in treatment efforts. Stage four is the most intensive stage of treatment and is the 

only treatment stage at which additional treatment modalities are added to behavioral 

treatment. Treatment in stage four includes very low calorie diets, pharmacological 

intervention, and surgery.   

All stages of treatment are provided in clinical settings. However, the chronic care 

model indicates the inclusion of community partners (e.g., schools, community centers, 

religious organizations, etc.).28 Best practices include family-based treatment in which 

parents are actively involved in the child’s treatment.23 Although it is generally 

acknowledged that less involvement is required from parents of children older than 11 

years,23 the degree of parental involvement needed in adolescent treatment remains 

unclear.29-34 Lastly, group treatment that includes peers is recommended as an important 

component for adolescent treatment.27 

There are many challenges to clinical treatment of adolescent obesity. First, even 

when parents are aware of their child’s weight status, it is not until the child reports 

having emotional distress (e.g. weight-based teasing) that the family seeks medical 

treatment.35 Once in the clinic, attrition rates for the treatment of obesity are high,36,37 

especially among low income racial/ethnic minority groups.38 Treatment duration and 

contact time are important factors in improved weight outcomes,39 which makes attrition 

particularly problematic in obesity treatment. Thirdly, due to the complexity of the disease 
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and involvement of varying health care providers in treatment, clinical obesity treatment is 

expensive. Although gradually improving, reimbursement for obesity treatment remains a 

pressing challenge for effective care.40-42 Lastly, the populations at the greatest risk for 

obesity (i.e., low socioeconomic, racial/ethnic minority groups) are unlikely to seek 

treatment, may not have access to nearby medical care (e.g., rural populations), or do not 

have insurance.43-48   

Community-based treatments aim to address some of these issues by providing care in 

the places that families live, work, learn, and play.49 Community-based treatments have 

grown in popularity as the chronic nature of obesity has gained more recognition. As the 

“work” of behavioral treatment for obesity occurs in the settings in which an individual 

lives (e.g., the home, religious center, school, work, community centers, community 

businesses, etc.), community-based intervention increases the likelihood of impacting an 

individual’s daily health environment and choices.50  

1.2 School-Based Obesity Intervention 

1.2.1 Rationale for school-based intervention 
The Institute of Medicine has identified schools as a focal point for childhood obesity 

prevention,51 and most community-based obesity interventions for children and 

adolescents occur in school settings or include a school component.49,52 Youth spend 

about six hours each day at school. During this time, they are provided multiple meals and 

can be given the time and a safe space to be physically active. Schools also provide access 

to high-risk populations of children unlikely to seek medical care, representing a way to 

decrease health disparities.53-55 Although school attendance for this demographic can be a 

challenge, attrition is generally low in school-based obesity interventions. Furthermore, 
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given the inverse relationship between risky health behaviors and adolescent academic 

outcomes56 as well as the increased odds of absenteeism among youth with overweight 

status and obesity,57 improvements in health behaviors among students are consistent with 

school academic achievement goals. Finally, the overall educational system and school 

structure provides a potential mechanism through which effective obesity interventions 

could be disseminated. 

1.2.2 Health and wellness policies in schools 
Policies to impact the school environment are of great focus among school-based 

interventions. In recent years, increased standards for the implementation of school-food 

policies and federal programs have improved school food environments to be more 

supportive of health.58 For example, the Healthy, Hunger-Free Kids Act of 2010 improved 

the nutritional standards of meals provided through the National School Lunch Program 

and the School Breakfast Program, restricted competitive foods and beverages, required 

updates to the Local School Wellness Policies, provided funding for Farm to School 

programming, and improved water access.59 While such policy changes have improved 

the availability of healthy options, improved consumption habits and weight outcomes are 

infrequently reported.60,61  

The Physical Activity Guidelines for Americans recommends that adolescents obtain 

60 minutes of moderate-vigorous physical activity each day.62 The United States 

Department of Health and Human Services recommends school policies to help students 

reach this recommended level of physical activity each day.63 At the state level, many 

policies currently mandate minimum amounts of time or intensity of physical activity to 

occur during the school day.64,65 While evidence exists that implementation of these 
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polices has successfully led to increased physical activity,66 there is great variability in the 

implementation of physical activity.67 For example, 5-43% of schools teach the mandated 

number of hours of PE,64,68 and on average PE classes do not meet the recommendation 

for half of PE class to be spent in moderate-vigorous physical activity.69  School physical 

activity policies are less likely to be implemented than nutrition policies.60,70 This could be 

because school physical activity policies typically have weaker language than nutrition 

policies.71  

1.2.3 Behavioral intervention in schools 
School wellness policies such as these are critical to weight management and obesity 

prevention. However, behavioral intervention provided at the individual level in the 

school setting appears to be a more promising obesity treatment strategy.52,72,73 There is 

great heterogeneity in the composition and method of implementation of school-based 

behavioral treatment interventions. While a one-size-fits-all approach is unlikely, 

systematic reviews and meta-analyses have generally concluded that the more intensive an 

intervention is, the greater the improvement in weight outcomes.73-75 The intensity of an 

intervention refers to the duration of the intervention, number of intervention contact 

hours, and number of intervention components. Although the optimal length of 

intervention is unknown,74,76 the longer an intervention and the greater number of contact 

hours given in an intervention, generally the better the outcomes.72,75,77 Multi-component 

interventions are typically superior to interventions with only one component. For 

example, interventions with both nutrition and physical activity components typically 

have better outcomes than interventions with only nutrition or physical activity.73,75,78 

Lastly, including behavioral modification components (e.g., contingency management, 
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goal-setting, modeling, self-monitoring) to help individuals apply the skills and 

information learned results in superior weight outcomes than education alone.79 

Parental involvement is often cited as an important intervention component.75,78,80 

However, the best way in which to involve parents in school-based interventions is 

unclear.81,82 Direct, in-person contact appears to have superior outcomes than indirect 

contact (e.g., messages sent home with students or via text/phone/email).81 However, 

indirect contact in which a response is requested may be a promising strategy, particularly 

among older youth.81,82 Overall, parental involvement in school activities (health or 

academic based) is particularly challenging among families of low socioeconomic 

status.83,84 

Lastly, cultural sensitivity is frequently identified as an important component to 

include in an intervention. Consistent with precision medicine, the more relevant an 

intervention can be to a population the better the outcomes.85 Cultural relevance goes 

beyond providing the intervention in the population’s preferred language, including 

commonly consumed cultural foods, and ensuring intervention materials are racially 

inclusive (e.g., images do not solely depict White individuals). Cultural relevance also 

includes the incorporation of core cultural values.86 The few effective school-based 

interventions that have specifically targeted ethnic minority populations have been 

culturally sensitive.87-89   

Despite general agreement on these components, there is great variation in how 

interventions incorporate them into the school-based intervention. Some interventions 

have included the intervention as an entire class.90,91 Others have integrated health lessons 

into academic core curricula.92,93 Still others include both individually targeted behavioral 
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intervention as well as environmental changes.94,95 These differences between 

interventions make direct comparison difficult; however, it is clear that school-based 

interventions are feasible and can result in modest weight outcome improvements in the 

short term.52,72  

1.2.4 Current and future directions of school-based obesity treatment 
Despite consistent short-term improvements, outcome maintenance past two years is 

rare among school-based intervention.96-100 One of the reasons for this is that there is an 

overall paucity of literature regarding pediatric weight maintenance.101 This need for long-

term follow-up has been recognized,102 and recently a growing number of school-based 

interventions have reported longer term outcomes. Unfortunately, quasi-experimental 

study designs and the lack of control groups prohibit long term efficacy conclusions from 

being made.103,104 However, a few clinically-based studies provide evidence that long-

term weight maintenance is possible for behavioral intervention,105 and it is clear that 

school-based treatment research is moving toward a more long-term approach.  

While the shift toward long term outcomes is important,102 this direction of research 

overlooks a high-risk population. Inherent in the study of weight maintenance is the 

assumption that weight outcomes were improved initially. Although interventions have 

modest short-term improvements on average, there is great variability in response across 

individuals and individual variation in BMI tracking over time.39,106-108 Maintenance 

programs neglect those without weight improvements to maintain. Currently the only 

differentiated treatment studied in schools is the addition of a weight maintenance 

program to improve long term outcomes. No treatment options exist for students who do 

not improve weight outcomes in a school-based program. In clinical settings, treatment is 
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escalated when an individual does not respond to treatment.23 To improve outcomes of 

school-based obesity treatment, it is critical that school interventions include a staged 

treatment progression.  This type of staged treatment algorithm is similar to the traditional 

academic structure in which students who perform behind grade level in a core academic 

subject are provided remedial attention. This parallel provides a sustainable way to adapt 

clinical guidelines to a school setting. 

1.2.5 Evaluation of school-based obesity interventions 
Thus far, school-based interventions have been evaluated based on mean changes in 

weight outcomes over time. This type of evaluation is critical in determining the efficacy 

of a program. Early efficacy research on school-based treatment was mixed.53,72,109-111 

Since then, substantial research has been conducted to identify intervention characteristics 

or components that resulted in desired weight outcomes, and many researchers have 

striven to answer the question of which school-based interventions work best.52 Now that 

school-based obesity programs more consistently demonstrate moderate short-term 

outcomes, there has been a shift in focus from programmatic to individual outcomes. 

Specifically, recent interest in precision medicine has drawn attention towards 

understanding for whom interventions work.112 This type of investigation is concerned 

with understanding how to best tailor interventions to specific populations and 

individuals. An additional component to intervention evaluation is needed to assess the 

impact treatment has on individuals.113 In addition to determining the proportion of 

individuals responsive to intervention, this type of evaluation is necessary to identify 

individuals in need of alternative or escalated treatment.  



 

10 

1.3 Defining Intervention Response 

1.3.1 Current definitions for response 
Many different definitions for response to intervention have been used. Definitions 

for response have included the maintenance or decrease in standardized BMI114-116 or 

BMI95117, greater than a 5% reduction in standardized BMI,118-120 greater than a 10% 

reduction in standardized BMI,120 a 0.20 decrease in standardized BMI,121 or a 5% 

reduction in weight.122 Time frames for response ranged from 16 weeks (immediately post 

intervention)120,122 to two years follow-up,117,120,121 with most studies analyzing response 

at one year.114,115,117-119 These definitions are outlined in Table 1.1. Importantly, these 

varying definitions for response were all developed as part of secondary analyses 

investigating characteristics predictive of response in clinic-based intervention. 

Definitions for response in these manuscripts were not indicated to be based on an a priori 

intervention goal and only a few provided a rationale for the response definition used.  

A scoping review is underway to better understand how many school-based 

interventions report response and how response is defined among school-based 

intervention. Briefly, a total of 27 studies met the inclusion/exclusion criteria for the 

review (i.e., be written in English, be published from 2010 or later, report results of a 

randomized controlled trial, be conducted in a school among school-age (kindergarten 

through high school) youth, and analysis of participants had to be among participants with 

overweight or obesity classification). Six of these studies (22%) reported response.123-128 

Notably, this percentage may overstate the relative prevalence of response reporting 

because four123-126 of the six studies that reported response 123-128 were from the same 

research group. Consistent with secondary analyses of clinically-based intervention,114-122 
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multiple definitions for response have been used among school-based interventions 

including maintenance of/decrease in standardized BMI at six months,123 one,123,125,126 and 

two years;125,126 a 0.10 decrease in standardized BMI at ~nine months (an academic 

year);128 a 0.20 decrease in standardized BMI at one year,124 and having moved from 

overweight or obesity classification to healthy weight classification.127 These definitions 

are also provided in Table 1.1. Consistent with the lack of clinic-based interventions 

which did not provide a rationale for response definition, only one study provided a 

rationale for the used response definition.124 The lack of reporting of response, lack of 

rationale for the response definition used, and wide variation in both metrics and time 

frames used to define response highlight an important gap in current evaluation of 

pediatric obesity treatment. The result of relying entirely on the examination of mean 

differences between control and intervention groups to evaluate obesity treatments is that 

participants who are unresponsive to intervention are easily overlooked. It is clear that 

additional research is needed to better understand how to define response in a meaningful 

way to help identify individuals who are unresponsive to treatment.  

Table 1.1 Current response definitions to pediatric obesity intervention 

Study Definition of response Intervention setting 
De Niet et. al. 2011114 Reduction in BMI-SDS over 

time (12 months)  
Clinic; Netherlands 

Reinehr et. al. 2003115 
 

Reduction of SDS-BMI at the 
end of 12-month intervention  

Clinic; Germany 

Madsen et. al. 2009116 Decrease in zBMI at the first 
follow-up visit (approximately 
3 months) 

Clinic; San Francisco, CA, 
USA 

Gow et. al. 2016117 Reduced %BMIp95 by at least 
5% at 12 months; Reduced 
%BMIp95 by at least 5% at 24 
months 

Clinic; Sydney, Australia 

Frohlich et. al. 2011118 Reduction of at least 5% in 
BMI SDS at 12 months 

Clinic; Giessen, Germany 
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Study Definition of response Intervention setting 
Pott et. al. 2009119 Greater than 5% reduction of 

BMI-SDS 
Clinic; Siegen, Germany 

Goldschmidt et. al. 2011120 At least 5% reduction in zBMI 
at 16 weeks (post-treatment); 
At least 5% reduction in zBMI 
at24 months; At least 10% 
reduction in zBMI at 16 weeks 
(post-treatment); At least 10% 
reduction in zBMI and 24 
months 

Clinic; San Diego, CA, USA 

Wiegand et. al. 2014121 Reduction of at least 0.2 BMI-
SDS at 24 months 

Clinic; APV Registry that 
includes outcomes from 
clinics across Germany, 
Austria, and Switzerland 

Jelalian et. al. 2008122 At least 5% reduction in 
absolute weight 

Clinic; Providence, RI, USA 

Arlinghaus et. al. 2017123 Maintained/decreased zBMI at 
6 months; 
Maintained/decreased zBMI at 
12 months 

School; Houston, TX, USA 

Arlinghaus et. al. 2019124 At least 0.20 decrease zBMI at 
12 months 

School; Houston, TX, USA 

Johnston et. al. 2013125 Maintained/decreased zBMI at 
12 months; 
Maintained/decreased zBMI at 
24 months 

School; Houston, TX, USA 

Johnston et. al. 2010126 Maintained/decreased zBMI at 
12 months; 
Maintained/decreased zBMI at 
24 months 

School; Houston, TX, USA 

Akdemir et. al. 2017127 Proportion of participants that 
entered normal weight range 
 

School; Turkey 

Love-Osborne et. al. 2014128 At least 0.1 decrease in zBMI School-based health clinic; 
Denver, CO, USA 

 

1.3.2 Challenges to defining response 
There are a number of challenges to defining response. The expected growth and 

development among pediatric populations makes it inappropriate to solely look at absolute 

weight as an outcome like is done among adult populations. How to incorporate expected 

growth and development into assessment of weight changes is complex and much 

controversy exists on the best way to assess longitudinal change.129-135 Table 1 in the 
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manuscript by Drs. Altman and Wifely provides an excellent outline of the various 

measures used to assess adolescent weight-related outcomes in intervention studies.29 The 

lack of a clear consensus on the metric most appropriate to evaluate weight-related 

outcomes to intervention is a substantial hurdle to defining response. However, no matter 

which measure is chosen, determining the magnitude of improvement that is meaningful is 

challenging.  

Among adults, intervention response is often defined as reaching a weight loss of 

5-10% because this is the amount of weight loss at which cardiometabolic risk 

decreases.136,137 Importantly, weight loss during adolescence has been associated with 

decreased adult cardiovascular disease.11,14 However, the specific magnitude of weight-

related outcome improvement needed to reduce disease risk is difficult to determine 

among youth who are still growing and developing. Although the prevalence of elevated 

cardiometabolic health markers among youth has risen alongside the prevalence of obesity 

and extreme obesity, many children with overweight status and obesity do not have 

elevated cardiometabolic health markers.138-141 Furthermore, irrespective of weight status, 

the presence of youth metabolic syndrome varies by ethnicity.142,143 Hormonal changes 

during puberty, a time when changes in weight and body composition naturally occur for 

youth, make it difficult to define metabolic syndrome in youth.144-146 In fact, due to these 

altered levels, screening for cardiometabolic health is not recommended during 

adolescence.27 Furthermore, the effects of having excess adiposity during puberty differ 

between individuals with and without other cardiometabolic risk factors.147 Finally, the 

magnitude of weight changes needed to improve cardiometabolic risk varies depending on 

the particular marker of cardiometabolic health examined.148-153 Due to these complicated 



 

14 

factors, the United States Preventive Task Force was unable to identify a specific 

threshold of weight improvement associated with cardiometabolic improvement, but 

generally agreed with European researchers that a 0.20-0.25 reduction in zBMI or BMI-

SDS is likely to have meaningful health benefits.39,154 Research regarding how to 

meaningfully define response to pediatric obesity intervention is clearly needed. The 

added complexity to understanding the relationship between weight and cardiometabolic 

outcomes among youth exemplifies an instance in which applying principles from adult 

medicine to pediatric medicine may not be feasible. It is possible that alternative metrics 

need to be considered to define intervention response besides cardiometabolic 

improvement. 

1.3.3 Using AAP weight goals as definition for response 
The American Academy of Pediatrics (AAP) recommends a staged treatment for 

childhood obesity16,18 and set a general, long-term goal of a downward shift in BMI 

Percentile curve for any child with obesity-related health risks. AAP guidelines suggest a 

staged algorithm to assess short term progress toward this long-term goal. Short term 

goals (3-6 months) are based on individuals’ weight status and age. Weight loss is 

indicated for youth with a BMI Percentile ≥95th. For children with overweight status (BMI 

Percentile ≥85th and <95th), the goal is weight maintenance, or, if over 12 years old, 

gradual weight loss. Notably, the guidelines delineate weight goals for children with 

overweight status between those with and without additional health risks. Additional 

health risks (e.g., family health history, parental obesity, health behaviors, BMI trajectory, 

and other cardiovascular risk factors) are determined by clinician assessment. Given the 

disproportionate prevalence of disease among low SES and racial/ethnic minorities, 
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researchers and clinicians have also considered children of these populations at additional 

health risk.155 Children with overweight status without additional health risk have the 

same weight goal as youth at a healthy body weight (BMI Percentile ≥5th and <85th): 

weight velocity maintenance (or weight maintenance if height growth has ended). If short 

term weight goals are not met, care is escalated to the next stage. Importantly, the 

guidelines allow for clinician subjectivity to individualize care to the patient. For example, 

a clinician may determine to wait until six months to see if a patient responds or change 

care at three months. From a practical standpoint, three months is also the length of a 

school semester which makes this timeframe practical for school-based interventions. 

Whether or not these weight goals are met can be used as a definition for response to 

intervention. Table 1.2 outlines how these clinical weight goal guidelines can be translated 

for use in a school setting.  

Table 1.2 Short-term Response Guidelines for School-based Obesity Intervention a 

Age Baseline BMI 
Percentile 

Response at 3 
months 

Indication of rapid weight loss b 

11 or 
younger 

<5th Gradual weight gain Increase more than 0.5 kg per month 
≥5th and <85th Maintain or decrease 

BMI Percentile 
Decrease of 20 BMI percentile points or 
approach less than <5th percentile 

≥85th and <95th Maintain or decrease 
weight gradually 

Decrease more than 0.5 kg per month 

≥95th and <99th Gradual weight loss Decrease more than 0.5 kg per month 
≥99th Weight loss  Decrease more than 4.4 kg in any week 

12 or 
older 

<5th Gradual weight gain Increase more than 0.5 kg per month 
≥5th and <85th Maintain or decrease 

BMI Percentile 
Decrease of 20 BMI percentile points or 
approach less than <5th percentile 

≥85th and <95th Maintain or decrease 
weight gradually 

Decrease more than 0.5 kg per month 

≥95th Weight loss Decrease more than 4.4 kg in any week 
a Adapted from AAP Recommendations for Treatment of Child and Adolescent Overweight and 
Obesity23,24 
b Students’ weight is monitored weekly throughout the intervention. This procedure increases 
the likelihood that unsafe weight loss will be noticed and prevented.  
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1.4 Predictors of Response 

1.4.1 Understanding the role of early response 
Across adult 156-161 and pediatric 21,116,117,120,162 obesity interventions, initial 

decreases in BMI are consistently predictive of weight-related outcomes at the end of the 

intervention and at longer term follow-up. Among adults early weight loss is predictive of 

weight loss when treatment is escalated to include pharmaceutical intervention.159 These 

findings have important implications for the efficacy of treatment and for resource 

allocation. Intensive lifestyle behavior intervention, the gold standard for obesity 

treatment, is effective on average, but has great heterogeneity in response.112 Intensive 

lifestyle intervention is also financially expensive163,164 and requires substantial effort 

from participants and caregivers.165 This makes being able to predict participants who will 

be responsive to intervention early in treatment particularly important. Early identification 

of non-responders enables the tailoring of intervention to potentially improve the 

proportion of intervention responders and overall efficacy of obesity intervention 

treatments. 

However, there are a few issues that need to be addressed before early response 

can be used to improve obesity treatment. The time period used to define “initial” weight 

loss has varied across studies and the optimal magnitude of weight loss needed for 

clinically meaningful intervention outcomes is unknown.157 While these two issues have 

been recognized, there remains a significant issue that has yet to be addressed. The 

majority of research in this area uses the amount of weight lost at an initial timepoint from 

baseline to predict the amount of weight lost at a post-treatment timepoint from baseline. 

(Initial weight loss will inherently be correlated to overall weight loss because the initial 
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weight loss period is within the overall weight loss timeframe (see Figure 1.1 for a visual 

depiction). Weight regain is common following treatment.136 With this method of 

analysis, the relationship between early weight loss and overall response could be due to 

the greater initial weight loss providing a greater amount of weight to be regained while 

still remaining below baseline weight.  

 

 

Rapid weight loss is not recommended for pediatric populations,23 and substantial 

improvement has been suggested to generally take six months to a year to achieve.39 As 

most pediatric interventions are shorter than a year, there is an inherent expectation that 

weight-related outcomes are maintained or continue to improve following active 

intervention. As such, the relationship between early changes in weight-related outcomes 

and later changes both during active treatment and afterwards is important to understand 

among youth. Generally, the longer an intervention or the more hours of contact time, the 

greater the improvement.39 However, a recent systematic review found no relationship 

between dose (duration or contact hours) and intervention effect size.166 This finding 

highlights a gap in knowledge regarding when reductions in weight-related outcomes 

Baseline Time 1 Time 2 

Early Weight Loss Later Weight Loss 

Overall Weight 
 

Figure 1.1 Timeline of early, later, and overall weight loss 
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occur during intervention. The first step to address this gap is to examine if initial change 

is predictive of later change during the intervention period. Understanding the relationship 

between early change and later change will help identify who may most benefit from 

continued intervention. This is important given the limited resources available to address 

the growing prevalence of childhood obesity and the need to find effective interventions 

that reach many children. Additionally, it is important that analysis of early response 

extend to community-based intervention settings. Although many resources are devoted to 

childhood obesity interventions in schools, there is a paucity of research on how early 

changes in weight-related outcomes from school-based interventions relate to weight-

related changes later in the intervention period or to long-term weight-related outcomes.  

To address this gap, secondary data analysis of a school-based intensive lifestyle 

intervention with established efficacy at reducing zBMI for up to two years was 

conducted. This study is currently under review at the International Journal of Obesity 

and the submitted manuscript can be found in Appendix 1.1. Briefly, this analysis 

examined if weight-related changes during the first school semester (three months) 

predicted changes in the second semester (from month three to month six), from month 

three to month 12 and from month 3 to month 24.  For comparison purposes, three-month 

change was also used to predict changes from baseline at six, 12, and 24 months. The 

same pattern of results occurred at each time point. Early changes in %BMIp95 (i.e., first 

three months or the first academic semester) were not predictive of later changes (i.e., 

from three months to six months, from three months to 12 months, or from three months 

to 24 months). However, consistent with prior research, there was a statistically significant 

positive association between early change in %BMIp95 and overall change (i.e., from 
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baseline to six months, from baseline to 12 months, and from baseline to 24 months). 

Figure 1.2 illustrate these findings and visually highlight how a substantial portion of 

overall reduction in %BMIp95 occurs during the first three months.  

These findings illustrate that early response is important for two main reasons. 

First, the majority of overall improvement in weight-related outcomes occurs in the early 

intervention period. Second, individuals who are unresponsive in the early response period 

are unlikely to improve later in the intervention. Assessment of weight-related outcomes 

early in intervention may help prevent youth from continuing an intervention that is 

unlikely to be beneficial to them. Among adults, a greater number of prior weight loss 

attempts is associated with unfavorable intervention results.167 Encouraging youth to 

continue an intervention that they are unlikely to benefit from may have a negative impact 

on future weight loss attempts. Interventions designed to address individuals unresponsive 

early in treatment are needed among pediatric populations to improve the overall efficacy 

of obesity interventions. The first step to do this is to better understand characteristics that 

predict response.  
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Figure 1.2 Individual variation in %BMIp95 change 

 

Note. Change is organized in ascending order of initial three-month %BMIp95 change to 

enable visual comparison of the relationships between initial and later %BMIp95 change 

(three to six months; Figure 1.2A) and between initial and overall %BMIp95 change 

(baseline to six months; Figure 1.2B) 

1.4.2 Baseline predictors of response 
Given the consistent relationship between early and overall weight-related 

improvements, it is important to understand characteristics indicative of response or non-

response as early as possible in the intervention. Investigation into characteristics 

predictive of individuals responsive to intervention enables treatment to be targeted to 

those who are most likely to respond. Comparison of predictors to treatment response 

across studies is challenging due to varying definitions for response, varying metrics used 
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to assess weight-related outcomes, varying ages, varying settings, varying intervention 

content, and varying predictors investigated.  

While younger youth tend to have more favorable short-term results,114,117-119,121,168 

older age is associated with lower rates of weight regain and better long term 

outcomes.21,22,169 Youth with a low baseline BMI typically have superior short-term 

outcomes;114,122,170,171 however, possibly because there is more weight loss available to 

maintain, a higher baseline weight is associated with superior maintenance long 

term.105,169 Although there are a few exceptions,169 lower BMI among family members, 

especially mothers and siblings, is generally predictive of response.105,114,118,119,122,172 Also 

in regards to parental predictors, maternal psychopathology increases the likelihood of 

intervention nonresponse.118,119,169 The relationship between both physical activity and 

dietary habits at baseline and intervention response is mixed, with some research 

indicating low levels to be predictive of intervention response,117 others indicating low 

levels to predict intervention nonresponse,115 and others finding no contribution.171 

Similarly, it is typical for boys and girls to respond differently, although the sex that is 

responsive has varied across interventions.53,77,173 

The majority of research examining predictors of treatment response has occurred 

among clinic-based obesity treatments. It is likely that predictors of response to school-

based intervention may differ from predictors of response to clinic-based treatment. 

Clinic-based interventions are often composed of only individuals with overweight and 

obesity classifications; whereas, school-based interventions include individuals of all 

weight classifications. This could impact the peer-support component of group 

intervention and impact adherence. Secondly, clinic-based interventions are among 
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treatment seeking individuals. Participants with overweight and obesity classification in 

school-based intervention are often not treatment seeking. This could have important 

implications on perceived susceptibility and motivations to continue behavior changes 

past the first school semester. For these reasons, the lack of analysis into predictors of 

response among school-based intervention represents an important gap to address to be 

able to identify individuals unlikely to respond to intervention and to inform the 

development of tailored school-based intervention. 

1.5 Framework to Identify Individuals Resistant to Behavioral Intervention 
The rationale described in this section for needing to identify individuals resistant 

to behavioral treatment has been published in a behavioral commentary in the American 

Journal of Lifestyle Medicine. The full text of this manuscript can be found in Appendix 

1.2. 

1.5.1 Resistance to behavioral treatment of obesity 
The idea of responsiveness and resistance has been used for many years with 

clinical treatment modalities. Patients are often referred to as being resistant to 

medications174 or antibiotics.175 The development of resistance or tolerance occurs in the 

treatment of multiple infections (i.e., viral, parasitic, fungal, bacterial).176 More recently, 

the idea of resistance to treatment has been discussed in terms of lifestyle diseases. 

Although bariatric surgery results in weight loss and metabolic improvements for most 

patients, many individuals do not experience health improvements following bariatric 

surgery.177 These patients are considered resistant to treatment. Compared to antibiotic 

resistance, however, the mechanisms of treatment resistance for lifestyle disease is less 

understood. With bariatric surgery, predictors of resistance include a person’s age, sex, 
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race/ethnicity, level of inflammation and insulin resistance.177 A clear distinction to be 

made between resistance in lifestyle disease compared to infectious disease is that these 

attributes of lifestyle disease resistance are present prior to the individual being treated; 

whereas, infections become resistant to treatment following exposure to a treatment. A 

better understanding of characteristics of lifestyle disease resistance could enable 

interventions to be tailored to increase the likelihood of response.  

It is also important to note a similar process to how infections are resistant to 

antibiotics could occur epigenetically for lifestyle diseases. Recently, epigenetic research 

has begun investigating how environments, especially during critical stages of 

development, can intensify or lessen the impact of genetic predispositions towards 

obesity.178 This area of research is encouraging because it indicates that the impact of 

genetics could be buffered by environmental and behavioral intervention. However, the 

issue remains that many individuals do not respond to initial environmental/behavioral 

treatment for obesity. Intensified treatment options are not available in schools for 

individuals unresponsive to initial treatment. The provision of escalated behavioral 

treatment options in schools is necessary to advance pediatric behavioral obesity 

treatment.   

1.5.2 Distinguishing between non-adherence and resistance 
It is important to distinguish treatment resistance from a lack of adherence. The World 

Health Organization defines adherence as “the extent to which a person’s behavior – 

taking medication, following a diet, and/or executing lifestyle changes – corresponds with 

agreed recommendations from a health-care provider.”179 Due to the importance of an 

individual following through with a treatment as prescribed, a lack of adherence is often 
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used as an explanation when individuals do not have improved outcomes after treatment. 

For example, intervention attendance, an adherence outcome, is an important predictor of 

treatment outcomes.120,122,180,181 While adherence is a challenge among patients of all ages 

for chronic disease treatment,179,182 it is particularly challenging among adolescents.183,184  

Treatment resistance extends past the issue of non-adherence. Some treatments may be 

implausible for some youth to follow. For example, adolescents have varying levels of 

control over environmental circumstances which influence energy balance. 

Developmentally, it is difficult for youth to understand the importance of making small 

behavior changes now to mitigate potential health consequences later. While others may 

argue that these are simply examples of barriers to adherence,184 because an adolescent 

has little control over these factors it is inappropriate to suggest that the adolescent should 

be able to adhere to the treatment. Without additional aid, the adolescent cannot make 

treatment progress. From a clinical standpoint, it is at this point that treatment would be 

escalated. The staged treatment of obesity provides an increasing level of aid as needed. 

Currently, however, it is only after tertiary treatment options have been exhausted, that the 

term resistance is used (i.e., when a patient does not experience expected improvements 

from bariatric surgery).177  

Thinking about response in terms of the staged progress of treatment guidelines offers 

additional insight into the distinction between resistance and non-adherence. Irrespective 

of adherence, individuals unresponsive to stages one and two are escalated to the next 

stage of treatment (i.e., prevention plus through structured weight management 

intervention).23,24 However, individuals are not escalated to tertiary care (i.e., very low 

calorie diet, pharmaceutical, and surgical care options) unless the ability to adhere to 
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suggested nutrition and physical activity behaviors has been demonstrated.26,185 This is in 

contrast to prior adult guidelines for bariatric surgery in which candidacy for surgery 

included a number of “failed” weight loss attempts at behavioral intervention.186 The 

updated weight control surgery guidelines requiring behavioral intervention adherence 

reflect the importance of lifestyle intervention to all treatment stages and tertiary care 

response.159 This makes it critical to determine which individuals are resistant to 

behavioral modalities.  

1.5.3 Proposed definition of resistance to behavioral intervention 
Importantly, individuals who do not respond to initial treatment (i.e., do not meet 

short term goals) are not necessarily resistant to treatment. When an individual is 

unresponsive to treatment, their treatment is escalated. Only when all feasible behavioral 

treatment options have been exhausted can an individual be considered resistant to 

behavioral treatment. The AAP Recommendations for Treatment of Child and Adolescent 

Overweight and Obesity23,24 were adapted to develop an algorithm to determine resistance 

to school-based behavioral intervention. Figure 1.3 illustrates this algorithm. Consistent 

observation of weight gain among youth when they are not in school illustrates how being 

in school can be protective against weight gain. As such, general school policies and 

programming are representative of the “Prevention Plus” stage of treatment in the AAP 

recommendations. Intensive, multicomponent behavioral intervention in the school setting 

is representative of the “Structured Weight Management” stage of treatment in the AAP 

recommendations. Currently no treatment options exist within the school setting that 

equate to the “Comprehensive Multidisciplinary Intervention” stage of treatment in the 

AAP recommendations. To be consistent with clinical treatment progression, behavioral 
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treatment must be escalated further in the school setting before behavioral resistance to 

school-based intervention can be determined. Throughout this algorithm response or non-

response is defined as meeting the age and BMI Percentile based weight goals outlined by 

AAP and adapted to the school setting in Table 1.2.  

Figure 1.3 Algorithm to establish school-based behavioral treatment response and 
resistance. 

 

1.6 Summary and Specific Aims 
 
 The scope and severity of pediatric obesity necessitates treatment intervention to 

extend past the traditional healthcare system. As obesity is a lifestyle disease, community-

based intervention may help curb the obesity prevalence by providing intervention where 

youth live, play, and learn.49 Schools have been identified as a focal point for such 

intervention and, importantly, provide reach to low income, ethnic minority youth at 

disproportionate risk for obesity and who often experience many barriers to receiving 

traditional medical care.88 Today most school-based obesity interventions result in 

improved weight outcomes on average compared to control in the short term.52 However, 

there is great individual variability in response to treatment, and even the most effective 

interventions have individuals who are unresponsive to intervention.113 Individuals 

School policies and 
programming

Response

Non-Response Intensive Lifesyle 
Intervention

Response

Non-Response Take CHARGE!

Response

Non-Response Resistant to behavioral 
school-based intervention
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unresponsive to initial treatment are overlooked because interventions are typically only 

evaluated by means. It is important that these individuals are identified as early as possible 

because early response to intervention is strongly correlated to overall response with a 

substantial portion of overall improvement occurring within the early months of 

intervention. While there is a small body of literature regarding predictors of response to 

clinic-based pediatric intervention, evidence is inconsistent across predictors, little is 

known regarding characteristics that distinguish response and non-response to a school-

based obesity intervention, and even less is known about low income, ethnic minority 

populations. Guidelines for clinical treatment of childhood obesity include a staged 

approach to obesity such that individuals unresponsive at follow-up appointments are 

escalated to receive a more intensive treatment.23 Currently there are no escalated 

treatment options available in school-based interventions. This project addressed these 

two major gaps in the literature among a low income, ethnic minority sample of middle 

and high school students (i.e., identification of characteristics that distinguish between 

response and non-response to school-based intervention and the lack of stepped care in 

school settings). 

Specifically, the first aim of this project was to identify profiles of baseline socio-

demographic characteristics, behavioral characteristics, and health indicators (e.g., gender, 

age, baseline zBMI, physical activity, dietary consumption, initial changes in zBMI, 

health-related quality of life) that distinguish individuals who responded and who were 

unresponsive to a previously conducted obesity intervention among low income, Hispanic 

middle school students at A.) three and B.) six months, stratified by baseline weight 

classification. A detailed description of this secondary data analysis and its results are 
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provided in Chapter Two. The manuscript of this project is currently under review at 

Health Psychology. A copy of the submitted manuscript can be found in Appendix 1.3. 

The second aim of this project was to develop, implement, and evaluate a staged 

school-based obesity intervention among low income, ethnic minority middle and high 

school students. To do this, clinical guidelines for childhood obesity treatment were 

adapted for the school setting and a randomized controlled trial was conducted. 

Specifically, the randomized controlled trial was designed to evaluate the intervention. 

Following participation in a school-based obesity intervention with established efficacy 

among this population,83,187 students were randomized to receive either escalated 

treatment (Take CHARGE!) or a maintenance intervention (PE Planners). Due to 

evidence suggesting the longer the duration and the more intensive the intervention, the 

greater the reduction in weight-related outcomes,39 it was hypothesized that students who 

received Take CHARGE! would have significantly greater mean reductions in BMI 

represented as a percentage of the 95th BMI Percentile (%BMIp95) than students who 

received PE Planners. As the overall goal of providing an escalated treatment option was 

to increase response rates, a secondary component of intervention evaluation was to 

compare the proportion of participants who were initially unresponsive that became 

responsive between those randomized to Take CHARGE! and those randomized to PE 

Planners. It was hypothesized that participants who were initially unresponsive would be 

more likely to become responsive if they received Take CHARGE! than if they received 

PE Planners. A detailed description of this randomized controlled trial and its results are 

provided in Chapter Three. The manuscript of this project is currently being prepared for 

submission to JAMA Pediatrics.  
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CHAPTER 2. AIM 1: EXPLORATORY DECISION TREES TO 
PREDICT OBESITY INTERVENTION RESPONSE AMONG 

HISPANIC YOUTH 

2.1 Introduction 
Childhood obesity is one of the greatest public health challenges in the United 

States and across the globe. Considerable progress has been made in childhood obesity 

treatment by comparing characteristics of interventions that have superior weight 

outcomes compared to control than those that do not have better outcomes. Interventions 

with the greatest improvements in outcomes are grounded in theory and generally include 

nutrition, physical activity, behavioral modification, and parental involvement 

components.29 However, there is no one-size-fits-all intervention.188 For example, 

response to interventions have been shown to differ by race or ethnic group, suggesting 

the need for cultural tailoring.87 Behavioral treatment of obesity is challenging because the 

same social determinants of obesity (e.g., access to healthcare, housing stability, education 

level, access to healthy foods, access to safe space for physical activity, etc.) also often act 

as difficult barriers during treatment. These challenges in prevention and treatment result 

in ethnic minority adolescents carrying a disproportionate share of the obesity burden.2 

Importantly, culturally and economically sensitive interventions that specifically target 

homogenous populations have demonstrated improved weight outcomes for this high risk 

group.87 

In a broader sense, cultural tailoring is an example of a general trend in healthcare 

towards precision medicine, which uses information about an individual’s genes, 

enviornment, and lifestyle behaviors to inform how an individual can be best treated.189 

Individual variation in response is well recognized, but is only beginning to be 
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addressed.189 Addressing individual variation requires a shift in focus from average 

changes compared to control towards individual outcomes of an intervention. 

Understanding which characteristics separate individuals who are responsive to an 

intervention from individuals who are unresponsive enables treatment to be offered to 

those who are most likely to respond and help resources be prioritized appropriately. 

Possibly of greater importance, this also enables the identification of individuals 

unresponsive to intervention. In a clinical setting where treatment is administered at the 

individual level, treatment is modified or escalated when an individual does not show 

signs of response.23 In a school-based intervention where the intervention is administered 

on a class or school level, those who are unresponsive are often overlooked. Identifying 

individuals who are unresponsive to school-based or other public health interventions and 

modifying interventions may improve the overall effect of obesity interventions, 

especially among high-risk populations among which treatment response to existing 

interventions is less likely. Identifying non-responders to intervention and understanding 

characteristics that distinguish response from non-response is the first step to developing 

interventions to address non-responders.  

The majority of research on characteristics predictive of response comes from 

clinically-based obesity interventions, primarily among samples of middle-upper class, 

non-Hispanic White families. Initial response is one of the most consistent predictors of 

response at a later time point.21,120,122,190 Demographic and anthropometric characteristics 

are most often studied and provide the most consistent evidence. For example, younger 

(i.e., elementary school age) youth21,114,119,121,168,190 and those with a lower pre-treatment 

BMI (i.e., overweight vs. obesity) often have superior short-term weight-related outcomes 
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(e.g. BMI, zBMI, BMI percentile.114,122,170,171 It is typical for boys and girls to respond 

differently to the same intervention, although the sex that is more likely to respond well 

varies across interventions.53,173  

Quality of life is an important outcome for obesity treatment.191 However, few 

studies have examined the role of quality of life as a predictor of intervention response, 

with some suggesting that pre-treatment quality of life may predict intervention outcomes 

and others finding no relationship.192,193 Related, improvements in quality of life have 

been shown to weakly predict improvements in weight outcomes,193 and health-related 

quality of life has been shown to mediate the relationship between sports participation and 

adiposity.194 These studies provide preliminary evidence that quality of life is likely not 

only an intervention outcome of interest but may contribute to intervention response.  

The small body of literature regarding baseline behavioral predictors of response 

(i.e., weight-based outcomes from intervention) is mixed. Some weight management 

interventions found no association between baseline dietary consumption and treatment 

response;115,195 whereas others found only specific dietary components to be related to 

intervention response. For example, one adolescent weight management intervention 

found greater pretreatment consumption of vegetables to predict greater reduction in BMI 

at 16 weeks.196 Although a common recommendation for pediatric weight management, 

the contribution of specific food groups such as fruits and vegetables is unclear and likely 

depends on total energy consumption. For instance, in a longitudinal study among 

adolescents higher vegetable consumption was no longer a predictor of greater BMI 

reduction when controlling for energy consumption.197 Conversely, once energy 

consumption was included in the model, fruit consumption became inversely related to 
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BMI change.197 While the relationship between pretreatment dietary consumption and 

weight outcomes is uncertain, it is clear that both dietary quality and total energy 

consumption warrant consideration.  

Evidence regarding pretreatment physical activity and weight-based outcomes of 

intervention are also mixed. Some studies have found lower levels of baseline moderate to 

vigorous physical activity and higher levels of sedentary time to be associated with 

improved weight outcomes.190 Others have found the opposite,115 and still others have 

found no relationship between baseline physical activity and weight-based outcomes.171 

Inconsistent results such as these may be due to varying methods and poor reliability for 

assessing both diet and physical activity among varying study populations, but they may 

also indicate a more complex relationship in which predictors of response vary under 

different circumstances or may have nonlinear relationships.  

A prior school-based physical activity program198 provides a homogenous sample 

of low income, Hispanic-American middle school students (i.e., all students came from 

the same school district, self-identified as Hispanic-American, and were 12.09 ± 0.61 

years old). Over 85% of students were eligible for free/reduced school meals and 54% of 

students were female to investigate characteristics that may be indicative of participants 

who were responsive and unresponsive (in terms of weight-based outcomes) to physical 

activity programming. The purpose of this study was to describe profiles of demographic 

characteristics, health indicators, and behavioral characteristics (e.g., sex, age, baseline 

zBMI, physical activity, dietary consumption, health-related quality of life) that 

distinguished individuals who responded or did not respond to physical activity 

programming at three and six months, stratified by baseline weight status.  
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2.2 Study Design and Database Description 
This study is a secondary analysis of a previously conducted randomized 

controlled trial in which the primary aim was to examine MVPA over time between 

individuals receiving a physical activity intervention compared to physical education class 

as usual. Weight-related outcomes of the intervention were a secondary outcome. 

Complete details of the physical activity programming and results are currently under 

review at Journal of School Health.198 This submitted manuscript can be found in 

Appendix 2. 

Briefly, participants were randomized to either receive PE class as traditionally 

taught in the district or the physical activity component of a school-based intensive 

lifestyle intervention with established efficacy at improving weight outcomes up to two 

years among low income, Hispanic middle school students. Active participation in both 

study arms lasted six months and occurred during participants’ PE class. Both study arms 

had class instruction for 45 minutes, five days/week. The physical activity intervention 

consisted of circuit-based workouts designed to facilitate students to be in their target 

heart rate zone (65-85% estimated maximal heart rate). Students wore heart rate monitors 

and were taught to use them as a tool to monitor the intensity of their workout. 

Undergraduate college students were trained to model exercises and provide positive 

reinforcement. No nutrition education was included in this intervention. The physical 

activity intervention was compared to a PE class as usual. Specifically, in this school 

district a traditional PE class consisted of sports-based instruction units in which students 

learned the rules to games and then practiced playing. PE teachers were instructed to teach 
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class as usual. Members of the research staff were not involved in class activities or 

instruction. 

2.2.1 Participants and setting 
Middle school students were recruited from a charter school district in Houston, 

Texas to participate in the physical activity randomized controlled trial (n=222). The 

school district actively recruits students from low socioeconomic status, racial/ethnic 

minority families who are at risk of not graduating from high school. Over 85% of 

students across the district qualify for free/reduced school meals. All students who 

participated in the study self-identified as Hispanic-American. For the purposes of this 

secondary data analysis, only participants with complete data were included. Specifically, 

those without complete anthropometric data at baseline, three, and six months (n=6), 

baseline quality of life data (n=8), and baseline dietary data (n=23) were excluded. This 

left a final analytical sample of 185 participants. Students were grouped based on weight 

classification for separate analyses (i.e., overall sample, prevention subsample (healthy 

weight) and treatment subsample (overweight weight and obesity)). 

2.2.2 Rationale for the discrepancies between proposed project and project 
implementation  
 The database used to carry out Aim One was not the database that was originally 

proposed. Originally, multiple studies in which the full Intensive Lifestyle Intervention 

had been replicated were going to be combined to create a database of participants. 

However, inconsistencies in the measures taken on participants and slight differences in 

the intervention received by participants prevented the aggregation of study cohorts as 

originally planned. The use of the database from the physical activity randomized 
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controlled trial provided the greatest sample size of study participants with complete data 

across a variety of demographic, anthropometric, and behavioral characteristics. 

Originally, only individuals who received the ILI were going to be included in the 

secondary analysis. Since both arms of the physical activity study received some form of 

intervention (i.e., the physical activity intervention or PE class as usual) all study 

participants were included in the analysis and study condition was included as a predictor 

variable in the analysis. Aside from these two changes, Aim One was executed as 

proposed. 

2.3 Measures 

2.3.1 Outcome variables 
Height and weight were measured to the nearest 0.1 centimeter and kilogram 

respectively by trained research staff at baseline, three, and six months. Participants wore 

minimal clothing and no shoes. These measures were used to calculate BMI (kg/m2). BMI 

Percentile was calculated according to the Centers for Disease Control and Prevention 

(CDC) Guidelines.199 

Intervention response was determined using an algorithm adapted from the American 

Academy of Pediatrics (AAP) Recommendations for Treatment of Child and Adolescent 

Overweight and Obesity (Table 1.2).23,24 Those not meeting the criteria for response were 

considered nonresponsive to treatment. The staged treatment algorithm described by the 

AAP indicates short term response to be three to six months.23 As such, separate models 

were developed, one for three and one for six months. The same criteria for response 

classification was used at three and six months from baseline. As three months is roughly 

the length of an academic semester, the three-month model is representative of the first 
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semester of intervention and the six-month model is representative of the second semester 

of intervention. Response was analyzed as a dichotomous variable (responsive or 

unresponsive) and was the dependent variable in this study. 

2.3.2 Predictor variables 
 
2.3.2.1 Theoretical basis  

Potential predictor variables were selected based on theory, prior literature, and data 

availability. Physical activity programming was developed based on Social Cognitive 

Theory.200,201 Social Cognitive Theory posits social, environmental, and personal factors 

interactively contribute to health behaviors. The current analysis focuses primarily on 

personal factors that may influence health behaviors and intervention response. While data 

availability limits the direct inclusion of many social and environmental factors, consistent 

with Social Cognitive Theory, predictor variables in this study were chosen because they 

may be direct or indirect indicators of social and environmental factors. For example, 

baseline dietary consumption is likely indicative of a participant’s food environment at 

home and school.  

 
2.3.2.2 Baseline demographic characteristics and health indicators 

Demographic variables (sex, age) were assessed through a self-report demographic 

questionnaire completed by the study participants at baseline. Baseline zBMI was 

calculated from anthropometric measurements described above for the dependent variable. 

The Pediatric Quality of Life Scale 4.0 (PEDS-QL) was used to assess health-related 

quality of life at baseline. PedsQL is a 23-item self-report measure that assesses quality of 

life in children and adolescents.202 The scale has demonstrated reliability with a Cronbach 

α reliability coefficient of .90 for the total scale score and with all subscale scores 
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exceeding Cronbach α of .70 and discriminates between healthy and physically ill 

children.203 Among the present sample, the health-related quality of life subscale had a 

Cronbach α reliability coefficient of 0.72. The health-related quality of life subscale was 

specifically selected as a predictor because improvements in health-related quality of life 

have been observed following participation in obesity interventions.204 

 
2.3.2.3 Baseline physical activity 

Weekday minutes of moderate-vigorous physical activity (MVPA) was assessed using 

accelerometry (Actigraph AG, model GT1M). Protocol details are described elsewhere.198 

MVPA was specifically chosen over other activity intensities as the majority of literature 

indicates time spent in MVPA to be most strongly associated with health outcomes.205 

 
2.3.2.4 Baseline dietary consumption 

Five dietary variables were included as predictor variables: total energy (kcal), 

“green” foods, “yellow foods”, “red foods”, and sugar sweetened beverages consumed per 

day at baseline. Dietary consumption was assessed using the Kids 2004 Block Food 

Frequency Questionnaire (FFQ) at baseline.206 The FFQ assesses foods consumed over the 

past seven days. Participants reported the number of days and how much they ate of each 

item. The FFQ includes a portion size sheet with visual representations of varied size 

bowls and plates to increase accurate reporting. Adequate reliability and validity have 

been reported for the Block FFQ.206 Any energy consumption levels greater than 5000 

kcal/day or less than 500 kcal/day were considered implausible and were excluded. Food 

items included in the Block FFQ were coded to classify foods according to a modified 

stoplight diet. Specifically, foods were classified into four groups: “Green” foods included 

fruits/non-starchy vegetables; “yellow” foods were dairy/protein/starch/grains with less 
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than five grams of fat or 15 grams of sugar, and “red” foods were any food with more than 

five grams of fat or 15 grams of sugar; and “sugar sweetened beverages” were beverages 

with added sugar. The number of servings consumed in each category was calculated. 

 
2.3.2.5 Study characteristics 

Although prior analysis found no difference in zBMI over the course of the study 

between conditions,198 randomization assignment to participate in circuit-based physical 

activity or PE class as usual may still impact weight-related outcomes. Response at three 

months was also included in the three six-month models as initial response is an 

established predictor of later response.21,120,122,190 

2.4 Statistical Analysis 
 Statistical analysis was completed using SPSS 26. Descriptive characteristics were 

calculated. Chi square and t-tests were also used to assess differences in predictor 

variables between those responsive and unresponsive. Six Classification Regression Trees 

(CRT) were developed: one predicting response at three months and one predicting 

response at six months among all participants (i.e., overall models), participants with 

healthy weight status (i.e., prevention models), and participants with overweight status or 

obesity (i.e., treatment models). The following baseline predictor variables were used in 

each of the models: age in years, sex (male or female), zBMI, PedsQL health-related 

quality of life subscale score, average minutes/day of weekday MVPA, energy 

consumption (kilocalories), servings of “green” foods, servings of “yellow” foods, 

servings of “red” foods, servings of sugar sweetened beverages, and intervention 

randomization group. In addition to these variables, six-month models also included 

response at three months as a predictor variable. CRT analysis uses recursive partitioning 



 

39 

to create homogenous subgroups and is far less sensitive to sample size for detecting 

effects as compared to using linear or logistic models and p-values. Variables can appear 

multiple times within the same tree (with different cut-off points), which increases the 

robustness of the profiles created. Furthermore, compared to logistic regression which 

identifies groups that have the same outcome but can differ substantially on the predictors’ 

values, CRT identifies groups that match on both predictors and outcome values.207 This 

distinction is useful for the development of tailored interventions. Another distinction 

between CRT and logistic regression is that CRT is intended as a descriptive analysis as a 

first step to inform intervention whereas logistic regression tests hypotheses. The Gini 

index was used to split nodes. Growth limits were set such that each tree could not have a 

depth greater than five levels, parent nodes had to have a minimum of 25 cases, and child 

nodes had to have a minimum of five cases. Each tree was cross-validated using 10 

sample folds, and then pruned to avoid overfitting.   

2.5 Results 
Descriptive statistics and the results of chi-square and t-tests examining 

differences between weight status categories are reported in Table 2.1. The only statistical 

difference between those with complete data who were included in the analysis and those 

who were excluded from analysis due to incomplete data was that those excluded from the 

analysis were more likely to be in the treatment as usual group than the intervention group 

(χ2=4.67, p=0.03). Due to this, differences in characteristics by randomization group were 

investigated. Overall and among those with healthy weight status those randomized to the 

intervention group were more likely to be responsive than treatment as usual at three 

months, but not at six months (χ2=5.09, p=0.03; χ2 =2.43, p=0.12 and χ2=4.89, p=0.03; 
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χ2=1.09, p=0.30 respectively). Among those with overweight status or obesity there were 

no differences in response by randomization group at either three or six months (χ2=0.89, 

p=0.34 and χ2=1.89, p=0.17 respectively). 

Table 2.1 Descriptive Baseline and Study Characteristics Overall and by Weight 
Classification, Mean (SD) or n [%] 

 Overall 
(N=185) 

Healthy weight 
(n=103) 

Overweight & 
obesity (n=82) 

Demographic characteristics 
Sex    

Female 99 (53.50) 58 (56.30) 41 (50.00) 
Male 86 (46.50) 45 (43.70) 41 (50.00) 

Age (years) 12.09 (0.61) 12.14 (0.62) 12.02 (0.59) 
Anthropometric characteristics 
Height (cm) 150.94 (7.90) 149.05 (7.86) 153.32 (7.32)*** 
Weight (kg) 51.34 (15.97) 40.93 (6.28) 64.40 (14.80)*** 
BMI 22.27 (5.60) 18.35 (1.79) 27.21 (4.80)*** 
BMI percentile 70.82 (27.90) 51.24 (22.79) 95.42 (3.63)*** 
zBMI 0.83 (1.07) 0.02 (0.66) 1.83 (0.44)*** 
Psychosocial and behavioral characteristics 
Health-related quality of life 86.71 (12.12) 88.53 (11.64) 84.41 (12.39)* 
Weekday MVPA 
(minutes/day) 

31.18 (17.77) 30.80 (19.88) 31.66 (14.80) 

Energy consumption 
(kcal/day) 

1605.21 
(1001.39) 

1707.86 (1008.48) 1476.27 (983.36) 

Food classifications    
“Green” foods (servings/day) 2.71 (3.00) 2.59 (3.40) 2.84 (2.40) 
“Yellow” foods 
(servings/day) 

4.46 (3.07) 4.53 (3.14) 4.39 (2.98) 

“Red” foods (servings/day) 4.74 (3.81) 5.28 (4.04) 4.05 (3.40)* 
Sugar sweetened beverages 
(servings/day)  

1.35 (1.47) 1.43 (1.35) 1.25 (1.62) 

Study characteristics 
Randomization condition    

Intervention 120 (64.86) 66 (64.08) 54 (65.85) 
Treatment as usual 65 (35.14) 37 (35.92) 28 (34.15) 

Three-month response    
Responsive 106 (57.30) 62 (60.19) 38 (46.34) 
Unresponsive 79 (42.70) 41 (39.81) 44 (53.66) 

Six-month response    
Responsive 65 (35.14) 46 (44.66) 63 (76.83)** 
Unresponsive 120 (64.86) 57 (55.34) 19 (23.17) 

Note. Significantly different from healthy weight classification at *p<0.05, **p<0.01, 
***p<0.001 
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2.5.1 Overall models 
 
2.5.1.1 Three-month model 

 Overall, 57.3% of participants were responsive at three months. Figure 2.1 shows 

the resulting CRT decision tree for three-month outcomes with six terminal nodes as well 

as the values of predictors distinguishing those as responsive and unresponsive at each 

node. The risk estimate for this tree was 0.27, meaning that the tree misclassified 27.0% of 

cases and correctly identified 73.0% of cases. Weekday MVPA appeared twice in the tree 

and servings of foods with less than five grams of fat or 15 grams of sugar per serving, 

age, and kilocalories each appeared once in the tree. No other predictor variables appeared 

in the tree. Two pathways distinguished participants who were unresponsive and four 

pathways through the tree distinguished participants who were responsive.  

Figure 2.1 Three-month decision tree analysis results among all participants 

 

Note. U=Unresponsive; R=Responsive, MVPA=Moderate-Vigorous Physical Activity 

Response at 3 
Months

42.7% U (n=79)
57.3% R (n=106)

≤ 43.0 minutes/day 
MVPA

48.4% U (n=74)
51.6% R (n=79) 

≤ 1.5 servings of  
"yellow" foods
25.8% U (n=8)
74.2% R (n=23) 

>1.5 servings of 
"yellow" foods
54.1% U (n=66)
45.9% R (n=56) 

≤ 12.3 minutes/day 
MVPA

13.3% U (n=2)
86.7% R (n=13) 

>12.3 minutes/day 
MVPA

59.8% U (n=64)
40.2% R (n=43) 

≤11.5 years old
93.8% U (n=15)

6.2% R (n=1)

>11.5 years old
53.8% U (n=49)
46.2% R (n=42)

≤1884.8 kcal
62.3% U (n=38)
37.7% R (n=23)

>1884.8 kcal
36.7% U (n=11)
63.3% R (n=19)

>43.0 minutes/day 
MVPA

15.6% U (n=5)
84.4% R (n=27) 
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2.5.1.2 Six month-model 
Overall, 35.1% of participants were responsive at six months. Figure 2.2 shows the 

resulting CRT decision tree for six-month outcomes with three terminal nodes as well as 

the values of predictors distinguishing those as responsive and unresponsive at each node. 

The risk estimate for this tree was 0.205, meaning that the tree misclassified 20.5% of 

cases and correctly identified 79.5% of cases. The only variables appearing in the tree 

included response at three months (appeared first in the tree) and baseline zBMI. Two 

pathways distinguished participants who were unresponsive and one pathway through the 

tree distinguished participants who were responsive.  

Figure 2.2 Six-month decision tree analysis results among all participants 

 

Note. U=Unresponsive; R=Responsive 

2.5.2 Prevention models 
 
2.5.2.1 Three-month model 

Among those with a healthy weight status, 60.2% were responsive at three months. 

Figure 2.3 shows the resulting CRT decision tree for three-month outcomes with two 

terminal nodes. One pathway distinguished participants who were unresponsive and one 

pathway through the tree distinguished participants who were responsive. The risk 

Response at 6 
Months

64.9% U (n=120)
35.1% R (n=65)

Unresponsive at 3 
months

94.9% U (n=75)
5.1% R (n=4) 

Responsive at 3 
months

42.5% U (n=45)
57.5% R (n=61)

1.77 ≤ zBMI 
33.7% U (n=28)
66.3% R (n=55) 

1.77 > zBMI 
73.9% U (n=17)
26.1% R (n=6) 
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estimate for this tree was 0.340, meaning that the tree misclassified 34.0% of cases and 

correctly identified 66.0% of cases. The only variable appearing in this tree was baseline 

zBMI. Those with a higher zBMI (>-0.60) were more likely to be responsive. 

Figure 2.3 Three-month decision tree analysis results among participants with healthy 
weight 

 

Note. U=Unresponsive; R=Responsive 

 
2.5.2.2 Six-month model 

Among those with a healthy weight status, 44.7% were responsive at six months. 

Figure 2.4 shows the resulting CRT decision tree for six-month outcomes with two 

terminal nodes. One pathway distinguished participants who were unresponsive and one 

pathway through the tree distinguished participants who were responsive. The risk 

estimate for this tree was 0.233, meaning that the tree misclassified 23.3% of cases and 

correctly identified 76.7% of cases. The only variable appearing in the tree was response 

at three months. Those who were unresponsive the first three months were unlikely to 

become responsive at six months. 

Response at 3 
Months

39.8% U (n=41)
60.2% R (n=62)

≤ -0.60 zBMI
66.7% U (n=12)
33.3% R (n=6) 

> -0.60 zBMI 
34.1% U (n=29)
65.9% R (n=56)
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Figure 2.4 Six-month decision tree analysis results among participants with healthy 
weight 

 

Note. U=Unresponsive; R=Responsive 

2.5.3 Treatment models 
 
2.5.3.1 Three-month model 

Among those with overweight status or obesity, 53.7% were responsive at three 

months. Figure 2.5 shows the resulting CRT decision tree for three-month outcomes with 

five terminal nodes as well as the values of predictors distinguishing those as responsive 

and unresponsive at each node. The risk estimate for this tree was 0.171, meaning that the 

tree misclassified 17.1% of cases and correctly identified 82.9% of cases. The only 

variables appearing in this tree were average daily weekday minutes of MVPA, servings 

of sugar sweetened beverages, and physical health related quality of life. Each of these 

variables appear once in the tree, except for average daily weekday minutes of MVPA 

which appeared as both the first and last variable in the tree. Three pathways distinguished 

participants who were unresponsive and two pathways through the tree distinguished 

participants who were responsive. One pathway identified 100% of participants as 

unresponsive. One hundred percent of participants who had lower levels of weekday 

MVPA (≤ 46.12 minutes per day), lower consumption of sugar sweetened beverages (≤ 

Response at 6 
Months

55.3% U (n=57)
44.7% R (n=46)

Unresponsive at 
3 months

90.2% U (n=37)
9.8% R (n=4) 

Responsive at 3 
months

32.3% U (n=20)
67.7% R (n=42)
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1.30 servings per day), and a lower physical health related quality of life subscale score 

(≤76.56) were unresponsive.  

Figure 2.5 Three-month decision tree analysis results among participants with 
overweight status or obesity 

Note. U=Unresponsive; R=Responsive; SSB=Sugar Sweetened Beverages; QoL=Quality 

of Life; MVPA=Moderate-Vigorous Physical Activity 

 
2.5.3.2 Six-month model 

Among those with overweight status or obesity, 23.2% were responsive at six 

months. Figure 2.6 shows the resulting CRT decision tree for six-month outcomes with 

four terminal nodes as well as the values of predictors distinguishing those as responsive 

and unresponsive at each node. The risk estimate for this tree was 0.171, meaning that the 

tree misclassified 17.1% of cases and correctly identified 82.9% of cases. The only 

variables appearing in this tree were response at three months, age, and consumption of 

foods with ≥ five grams of fat or 15 grams of sugar. Three pathways distinguished 

participants who were unresponsive and one pathway through the tree distinguished 

participants who were responsive. Two pathways identified 100% of participants as 

Response at 3 Months
46.3% U (n=38)
53.7% R (n=44)

≤ 46.1 minutes/day 
MVPA

52.9% U (n=37)
47.1% R (n=33) 

≤ 1.3 servings SSB
62.3% U (n=33)
37.7% R (n=20) 

≤ 76.6 Physical Health 
Related QoL Score

100.0% U (n=14)
0% R (n=0) 

>76.6 Physical Health 
Related QoL Score

48.7% U (n=19)
51.3% R (n=20) 

≤ 30.6 minutes/day 
MVPA

21.1% U (n=4)
78.9% R (n=15) 

>30.6 minutes/day 
MVPA

75.0% U (n=15)
25.0% R (n=5) 

>1.3 servings SSB
23.5% U (n=4)
76.5% R (n=13) 

>46.1 minutes/day 
MVPA

8.3% U (n=1)
91.7% R (n=11) 
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unresponsive and one pathway identified 100% of participants as responsive. One hundred 

percent of participants who were unresponsive at three months were unresponsive at six 

months. One hundred percent of younger participants (≤ 11.55 years old) who were 

responsive at three months were unresponsive at six months. One hundred percent of older 

participants (>11.55 years old) who were responsive at three months and consumed a 

greater amount (> 7.54 servings) of foods with ≥ five grams of fat or 15 grams of sugar at 

baseline were responsive at six months.  

Figure 2.6 Six-month decision tree analysis results among participants with overweight 
or obesity 

 

Note. U=Unresponsive; R=Responsive 

2.6 Discussion 
The exploratory regression tree analyses conducted in this study resulted in distinct 

trees for each weight status classification and outcome timepoint. While the trees had 

some commonalities, the uniqueness of each tree illustrates the complex, variable nature 

of individual response to intervention. For each tree and collectively, it is important to 

Response at 6 
Months

76.8% U (n=63)
23.2% R (n=19)

Unresponsive at 3 
months

100.0% U (n=38)
0% R (n=0) 

Responsive at 3 
months

56.8% U (n=25)
43.2% R (n=19)

≤ 11.5 years old
100.0% U (n=7)

0% R (n=0) 

>11.5 years old
48.6% U (n=18)
51.4% R (n=19) 

≤ 7.5 servings of 
"red" foods

56.2% U (n=18)
43.8% R (n=14) 

> 7.5 servings of 
"red" foods
0% U (n=0) 

100.0% R (n=5)
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note which variables were absent, which variables appeared, the positioning of variables, 

and how many times a variable appeared.  Examining these factors in relation to current 

literature highlights the following key findings from this study: consumption of highly 

calorific foods pretreatment was related to response, but fruit/vegetable consumption was 

not; MVPA was the most important factor in distinguishing response in the three-month 

models; only four individuals (and no one with overweight or obesity) who were 

unresponsive the first three months became responsive at six months; older age was an 

important distinguishing characteristic of individuals who were responsive at both three 

and six months; and characteristics distinguishing responders from non-responders varied 

greatly between treatment and prevention samples. 

Gender, randomization group, and fruit/vegetable consumption did not appear in 

any model. This indicates that these were not primary factors related to response. While 

fruit/vegetable consumption was not a predictor, dietary variables appeared in half of the 

trees. In contrast to fruit/vegetables, the dietary variables that appeared in the trees 

contained substantial calories and calories itself appeared in one model. Generally, higher 

consumption at baseline of calories and “red” foods and beverages with high amounts of 

sugar and fat was associated with response. Conversely, lower consumption of “yellow” 

foods, which are plentiful in both nutrients and energy, was associated with response. It is 

possible that high levels of baseline consumption of foods high in fat, sugar, and energy 

provide opportunity for reduction. Similarly, low consumption of foods high in nutrients 

and energy offers an opportunity to increase consumption of these foods, potentially as a 

replacement for “red” foods. Dietary consumption was assessed in August, at the 

beginning of the school year. As such it is likely reflective of what youth ate over the 
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summer. Being in school during the intervention period would have prevented grazing 

behaviors during the school day and limited access to many “red” foods during school 

hours.208 While the intervention from which this data was collected did not include dietary 

intervention, a small decrease in energy consumption from reduced access to food during 

school hours may have contributed to response. Many school-based interventions focus on 

fruit and vegetable consumption.209 Importantly, the results of this study suggest that the 

dietary factors most related to response are ones with higher energy content. Rather than a 

focus on fruits and vegetables, future investigation may consider how “red” food 

consumption could be transitioned into “yellow” food consumption. 

MVPA was the highest variable in two of the three-month trees, indicating it to be 

an important variable in distinguishing response. It makes sense for MVPA to be a critical 

predictor of response as physical activity was the primary intervention. Every time MVPA 

was present in a tree, it appeared more than once. This indicates a nonlinear relationship 

and/or a potential interaction. Across trees, highest and lowest amount of MVPA time 

were associated with response; whereas, the middle range of MVPA time was associated 

with nonresponse or depended on another variable. Less MVPA time may provide the 

opportunity for an intervention to improve MVPA. Greater amounts of MVPA time may 

indicate that the individual enjoys physical activity. Enjoyment is a primary predictor of 

physical activity level.210 Therefore, high amounts of MVPA time at baseline may be 

indicative of engagement and adherence to intervention activities. Conversely, middle 

levels of MVPA may be associated with non-response because middle ranges of MVPA 

time do not provide as much space for improvement and may indicate a lesser sense of 

enjoyment for MVPA. In practice, individuals trying to lose weight who are inactive with 
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high energy consumption have the greatest opportunity for improvement. High amounts of 

MVPA time at baseline being the primary factor describing response (i.e., appeared first 

in the three-month trees) illustrates the importance of not solely identifying areas for 

improvement but identifying areas of strength to build upon.  

Physical health related quality of life only appeared in the three-month treatment 

model. Its appearance in this model but not the prevention or overall models is consistent 

with physical health related quality of life being significantly lower among those with 

overweight status or obesity than among those with healthy weight status (Table 2.1). In 

this model, participants with lower physical health related quality of life were unlikely to 

respond. Compared to those with healthy weight, youth with overweight or obesity have 

lower fundamental movement skill and report more difficulty being physically 

active.211,212 Although a growing body of literature examines quality of life as an 

intervention outcome, few use it as a characteristic to provide targeted intervention.204,213 

Compared to other characteristics which may be more cumbersome to collect, quality of 

life is assessed with a short questionnaire that could be easily included as part of an 

intervention screener.  

There were no overlapping predictor variables between the three- and six-month 

models within each sample (i.e., overall, prevention, and treatment models). For example, 

MVPA, a prominent variable among multiple three-month models, was absent from all of 

the six-month models. This may be explained by three-month response appearing as the 

first predictor in each of the six-month models. Given the prominence of MVPA in 

predicting response at three months, it is likely that MVPA’s contribution to six-month 

response was subsumed by the three-month response variable. 
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The importance of three-month response in distinguishing between response and 

non-response at six months among all models is consistent with prior literature indicating 

initial weight loss to be a primary predictor of later weight loss.21,120,122,190 The importance 

of initial response is prominently illustrated in the six-month treatment model in which not 

one participant who was unresponsive at three months became responsive at six months. 

This indicates how critical it is to identify individuals who are not responding to 

intervention as soon as possible because they are very unlikely to respond later. 

While the rate of response is lower at six months than at three months in all 

models, the decrease is particularly dramatic between the treatment models (i.e., 53.7% to 

23.2%). This makes it important to identify characteristics distinguishing between 

response and non-response at six-months among those who were responsive at three-

months. Those who remained responsive were older and ate more “red” foods at baseline. 

Age has been a consistent predictor of intervention response in prior research. However, 

the direction (i.e., older or younger) associated with response is mixed.21,114,119,121,168,190 It 

is particularly striking that age appeared as a predictor variable in the tree given the 

homogenous sample (mean age was 12.02 ± 0.59 years). It is possible that age appears in 

the trees as a distinguishing factor between students in their first year in middle school 

compared to their second (i.e., youth younger than the 11.5 year old cut-off point in the 

tree were adapting to an entirely new school environment whereas those older were only 

adapting to the physical activity program.) However, an exploratory inclusion of grade 

into the model did not alter the results. Another possibility is that age corresponds to 

maturation. Physical maturation is related to a decline in physical activity and weight gain 

among both sexes.214,215 Unfortunately, no measure of physical maturation was available 
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for inclusion in the present study. Older youth may also have greater social and mental 

maturation which could provide them a greater capability to maintain behavior changes. 

This is consistent with prior studies that indicate older youth (middle school age) to 

sustain improvements in weight-related outcomes longer than younger children 

(elementary school age).21 Future investigation is needed to better understand factors for 

which age may be a proxy and at which age intervening would result in the greatest 

sustained response.  

The three-month prevention model had the lowest classification accuracy (66%). 

This model only improved classification accuracy 5.8 percentage points compared to 

classifying all participants as responsive (i.e., compared to predicting all 103 individuals 

were responsive and being correct for 62 of them, or 60.2% of the sample), this model was 

able to correctly classify 56 of the 62 responsive participants and 12 of the 41 

unresponsive individuals (66% of the sample). It is possible that other variables not 

available in the dataset could increase the accuracy of classification. However, it is also 

possible that the definition of response is not appropriate for the prevention subsample. 

The only predictor variable present in this tree was zBMI. Participants with a lower zBMI 

(equivalent to about the 27th percentile) were more likely to be unresponsive than those 

with a higher zBMI. Consistent with regression to the mean principles, those with a lower 

zBMI than the mean (i.e., those identified in the tree as unlikely to respond) are likely to 

increase zBMI towards the mean. However, because the definition for response for the 

prevention sample is to maintain or decrease BMI percentile, an increase toward the mean 

among individuals far below the mean inherently classifies them as unresponsive. 

Physically, an increase in BMI percentile among individuals within the BMI percentile 
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range for healthy weight status does not necessarily increase health risk. Such an increase 

may even be viewed as beneficial for some individuals, like those at a BMI percentile 

close to the cutoff for underweight. Therefore, the levels of response (i.e., 60.2% and 

44.7% at three- and six-months respectively) among the prevention samples may be more 

attributable to the definition of response than baseline characteristics or the physical 

activity programming. Further investigation and discussion regarding the most meaningful 

way to assess response among prevention populations is needed. Importantly, the results 

of this study illustrate that factors related to response vary greatly among prevention and 

treatment samples. As such, the evaluation of weight-related intervention outcomes 

requires stratification by weight status.  

The exploratory regression tree analysis conducted in this study is an important 

first step in understanding how baseline characteristics may relate to intervention 

response. Understanding how baseline characteristics can predict response is critical to 

being able to provide tailored interventions as early as possible. This study illustrates the 

importance of initial response as individuals in both the treatment and prevention samples 

who were unresponsive in the first three months were unlikely to become responsive at six 

months. A strength of this study was its homogenous, low income, Hispanic-American 

middle school population which enabled investigation into factors pertaining to response 

among a high-risk population. While physical activity was able to be assessed objectively 

with accelerometry, dietary intake was self-reported. Given the lower reliability of self-

reported data, dietary data may have been less likely to appear in the models compared to 

the objectively measured physical activity data. The unique trees that were created in this 

study indicate the great amount of variability of profiles associated with response to 
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intervention. Further investigation and more complex modeling is needed to better 

understand individual variability to be able to develop population-specific interventions. 

2.7 Conclusions 
 This study took an initial step in understanding factors at baseline that are 

important in distinguishing between low income, Hispanic middle school students who 

were responsive and unresponsive to a school-based obesity intervention. Overall, the 

results demonstrate that the relationship between factors at baseline and intervention 

outcomes is complex. More complete understanding of this relationship is needed to 

inform the development of both tailored interventions and baseline screening tools to 

provide intervention to individuals most likely to be responsive. Importantly, one 

consistent relationship was observed in this study: participants who were unresponsive in 

the first three months did not become responsive by six months. Individuals unresponsive 

to initial intervention need to be identified and transitioned to alternative care options 

because providing more of the same intervention is unlikely to be beneficial. 
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CHAPTER 3. AIM 2: A STAGED APPROACH TO ADDRESS 
INDIVIDUALS UNRESPONSIVE TO INITIAL OBESITY 
INTERVENTION: A RANDOMIZED CLINICAL TRIAL 

3.1 Introduction 
Childhood obesity has reached epidemic proportions and low income, ethnic minority 

children carry a disproportionate share of the obesity burden.1,2 The magnitude of this 

disparity increases for severe obesity. Respectively 8.8% and 11.6% of Hispanic and Non-

Hispanic Black adolescents have severe obesity compared to 6.7% of Non-Hispanic 

Whites and 2.0% of Non-Hispanic Asians.2 Importantly, schools provide reach to high-

risk populations of children unlikely to seek medical care, representing a way to decrease 

health disparities.53-55 Youth spend about six hours each day at school. During this time, 

they are provided multiple meals and can be given the time and a safe space to be 

physically active. For these reasons the Institute of Medicine has identified schools as a 

focal point for pediatric obesity intervention.51 

School-based obesity interventions consistently result in greater weight-related 

improvements than control in the short term.52,76,204 However, outcome maintenance past 

two years is rare.96-100 One of the reasons for this is that there is an overall paucity of 

literature regarding pediatric weight maintenance. This need for long-term follow-up has 

been recognized.102 Recently a growing number of school-based interventions have 

reported longer term outcomes,103,104 and a growing number of pediatric maintenance 

interventions are being conducted.101 While the shift toward long term outcomes is 

important,102 this direction of research overlooks a high-risk population. Inherent in the 

study of weight maintenance is the assumption that weight-related outcomes were 

improved initially. Although interventions have modest short-term improvements on 
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average, there is great variability in response across individuals and individual variation in 

how BMI tracks over time.39,106-108 Maintenance programs neglect those without weight 

improvements to maintain. Those unresponsive to initial intervention are a particularly 

high-risk population that may be resistant to behavioral treatment of obesity.216 The factor 

most consistently associated with long term response is initial response, and those 

unresponsive initially are unlikely to respond later in the intervention.217,218 These factors 

make it important that treatment solutions be identified for individuals unresponsive to 

initial intervention.  

Currently no treatment options exist within the school setting for students who do not 

improve weight outcomes in a school-based program. In clinical settings, treatment is 

escalated when an individual does not respond to treatment.23 Adapting the staged 

treatment progression used in clinical care to the school setting may improve outcomes of 

school-based obesity treatment. This type of staged treatment algorithm is similar to the 

traditional academic structure in which students who perform behind grade level in a core 

academic subject are provided remedial attention. This parallel provides a sustainable way 

to adapt clinical treatment guidelines to a school setting. 

 The purpose of this study was to evaluate a stepped school-based obesity 

intervention for low income, ethnic minority youth. Following participation in a school-

based obesity intervention with established efficacy among this population,83,187 students 

were randomized to receive either escalated treatment (Take CHARGE!) or a maintenance 

intervention (PE Planners). Due to evidence suggesting greater improvements in weight-

related outcomes occur in longer and more intensive interventions,39 it was hypothesized 

that students who received Take CHARGE! would have significantly greater mean 
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reductions in BMI represented as a percentage of the 95th BMI Percentile (%BMIp95) 

than students who received PE Planners. As the overall goal of providing an escalated 

treatment option was to increase response rates, a secondary component of intervention 

evaluation was to compare the proportion of participants who were initially unresponsive 

that became responsive between those randomized to Take CHARGE! and those 

randomized to PE Planners. It was hypothesized that participants who were initially 

unresponsive would be more likely to become responsive if they received Take 

CHARGE! than if they received PE Planners.  

3.2 Participants and Setting 
Students were recruited from a charter school district in Houston, Texas from 

August 2018 to September 2019 to participate in a weight management randomized 

control trial during their physical education (PE) class. The school serves students in 

grades six through 12, and actively recruits students from low socioeconomic status, 

racial/ethnic minority families who are at risk of not graduating from high school. The 

school meets the federal Community Eligibility Provision, such that the entire school is 

provided free meals. To be eligible to participate, students had to be enrolled in physical 

education (PE) class and be between the ages of 10 and 17. Students were excluded from 

the study if they were or became pregnant, had a cognitive or physical limitation that 

prevented them from participating in intervention activities, or were absent from class for 

more than five consecutive days over the course of the academic year. Although students 

of all weight classifications were invited to participate in this study, only those with a 

BMI Percentile ≥ 85th percentile were included in this analysis. The flow of participants is 

outlined in the Figure 3.1. A power analysis (G*Power 3.1.9.2) with alpha=0.05 and 
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beta=0.20 indicated that a sample size of 152 (76 in each group) is adequate to detect a 

0.10 difference in standardized BMI between groups, which is consistent with effect sizes 

typically found in school-based obesity interventions.52,76,204 This study was approved by 

the University of Houston Institutional Review Board and all participants provided written 

parent consent and child assent. The trial was registered in the ClinicalTrials.gov Registry 

#NCT04362280 (https://clinicaltrials.gov/ct2/show/NCT04362280). 

 

Figure 3.1 Participant flow 

 

Approached in PE class
n=466

Met inclusion/exclusion criteria 
and provided consent/assent

n=392

180 randomized

Take CHARGE!
n=89

Completers for analysis with 
BMI Percentile ≥85

n=85

4 excluded in second semester
2 withdrew from school

2 absent ≥ five consecutive days

PE Planners
n=91

Completers for analysis with 
BMI Percentile ≥85

n=86

5 excluded in second semester
2 withdrew from school

2 absent ≥ five consecutive days 
1 became pregnant

17 excluded in first semester 
2 schedule change out of PE class 

4 withdrew from school
11 schedule change into PE such that 

they didn't recieve ILI 
195 excluded (for analysis)

BMI percentile <85

https://clinicaltrials.gov/ct2/show/NCT04362280
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3.3 Intervention Procedures 

3.3.1 Study design 
Table 3.1 illustrates the overall study timeline. Briefly, this study occurred across 

two cohorts. Active participation from subjects lasted an academic year. In the first 

semester, all participants received the same intensive lifestyle intervention. 

Randomization occurred between the first and second academic semesters. In the second 

semester, participants were randomized to one of two treatment arms: escalated treatment 

(Take CHARGE!) or a maintenance program (PE Planners). The intervention ended early 

in cohort two because the school moved to online instruction in response to the COVID-

19 Pandemic.  

Table 3.1 Study design timeline 

 Data 
Collection 1 

Semester 1 Data 
Collection 2 

R
an

do
m

iz
at

io
n Semester 2 Data 

Collection 3 Start ILI End ILI Start End 
Cohort 1 

2018-2019 8/20 -8/24 8/27 11/28 11/29 - 12/7 1/7 5/3 5/7 

Cohort 2 
2019-2020 8/19 -8/23 8/26 11/22 12/2 - 12/6 1/7 3/9 3/9 

 

3.3.2 Semester 1: Initial intensive lifestyle intervention 
 During the first academic semester (i.e., three months), all participants received an 

intensive lifestyle intervention (ILI) with established efficacy among this population.83,187 

ILI has been described extensively elsewhere90 and specific details of the intervention 

activities are outlined in Appendix 3. Briefly, ILI was based on Social Cognitive Theory 

and was provided during students’ PE class five days/week. Intervention activities 

included one day of nutrition education and four days of physical activity with behavioral 

modification techniques (self-monitoring, goal setting, contingency management, 
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modeling) overlaid throughout the intervention. Modeling was primarily provided by 

trained undergraduate college students who performed intervention activities with 

participants. There was one trained undergraduate student per 30 study participants. 

Parents were invited to monthly after-school sessions.  

3.3.3 Randomization 
 Following the academic semester of ILI, participants were randomized to one of 

two intervention arms: an escalation of treatment (Take CHARGE!) or a maintenance 

program (PE Planners). Students and research staff were not blinded to the randomization 

condition. Randomization was performed with a random numbers table using a 1:1 

allocation by the principal investigator. Both study arms occurred during participants’ PE 

class, five days/week for 45 minutes each day for three months. Participants were 

evaluated for their PE grade the same way. Across both study arms, participants wore 

heart rate monitors and were graded based on the number of minutes they spent in their 

individual target heart rate zone. Grading also included the completion of homework 

assignments for each study arm.  

3.3.4 Semester 2 
 
3.3.4.1 Intervention arm one: Take CHARGE! 

Take CHARGE! stands for Teens Committed to Health through Activity, 

Relationships, and Good Eating. The overall program stressed how making health 

behavior changes can be difficult, that everyone has some improvements they can make, 

and that making changes is easier when classmates support one another. Like ILI, Take 

CHARGE! was based on Social Cognitive Theory200,201 and specifically aimed to increase 

social and environmental supports for behavior change. The escalation in treatment from 
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ILI in the first semester to Take CHARGE in the second semester parallels the transition 

from the structured weight management stage to the comprehensive multidisciplinary 

intervention stage in the clinical algorithm for pediatric obesity treatment.23 Table 3.2 

outlines the adaptation of each stage of clinic-based treatment of obesity to the school 

setting. At the comprehensive multidisciplinary intervention stage, monitoring of progress 

is conducted more rigorously and more frequently than during the structured weight 

management stage. Additionally, greater parental involvement and the inclusion of 

additional medical professionals create an expanded, multidisciplinary care team. Take 

CHARGE followed the same principles in the school setting. Specifically, Take CHARGE 

followed the same basic schedule as ILI (i.e., each school week consisted of one day of 

nutrition and four days of physical activity with behavioral modification strategies 

included everyday). All activities included in the first semester were continued and were 

intensified through the addition of five main elements that escalated care to be parallel to 

the comprehensive multidisciplinary intervention stage of obesity treatment in a clinical 

setting. Rationales for each additional attribute of Take CHARGE are described below.  

Table 3.2 Specific details of the adaptation of AAP Recommendations for Treatment of 
Child and Adolescent Overweight and Obesity23,24 to the school setting 

Stage Clinic-Based School-Based 
1 Prevention Plus 

1) Consumption of 5 servings of fruits 
and vegetables per day  

2) Minimization or elimination of sugar-
sweetened beverages 

3) Eat breakfast daily 
4) Allow child to self-regulate his or her 

meals and avoid overly restrictive 
behaviors 

5) Limit meals outside the home, 
including at fast food venues and 
other restaurants  

Existing school activities and policies to 
generally promote improved eating and 
physical activity habits: 
1) Nutrition guidelines for school meals 

and snacks; nutrition education in 
health class; health-based school 
signage 

2) No vending machines on campus 
3) Breakfast, lunch, snack, and dinner 

offered at no cost to students 
4) Aside from availability, students are 

not restricted on food during 
mealtimes 



 

61 

Stage Clinic-Based School-Based 
6) Eat family meals at least 5 or 6 times 

per week 
7) Limit of 2 hours of screen time per 

day, no television in the room where 
the child sleeps 

8) 1 hour of physical activity per day. 
Physical activity can be increased 
gradually for sedentary children. 
Children may be unable to achieve 1 
hour of activity per day initially but 
can gradually increase activity to 
reach 1 hour/day 

9) Provider acknowledgement of 
cultural differences and assistance to 
adapt recommendations accordingly 

5) Although students can pack food to 
eat at school, there is a closed 
campus (i.e., they cannot leave 
school for lunch) 

6) Students eat lunch with their peers 
and school staff, parents and family 
members are allowed to visit the 
school and eat with students 

7) Cell phone usage is not permitted in 
classrooms and limited in afterschool 
programs; lessons given via video 
instruction are viewed unfavorably in 
teacher evaluation 

8) PE classes that provide opportunities 
for MVPA, activities designed to 
accommodate differing levels of 
fitness; athletics and afterschool 
clubs 

9) Cultural differences celebrated and 
accommodated by school staff (i.e., 
LatinX days, Black History month) 

10) Overall school routine/structure 
limits time in obesogenic 
environment 

2 Structured Weight Management 
1) Development of a plan for use of a 

balanced-macronutrient diet, 
emphasizing small amounts of 
energy-dense foods 

2) Provision of structured daily meals 
and snacks (breakfast, lunch, dinner, 
and 1 or 2 snacks per day)  

3) 60 minutes of supervised active play 
per day, to ensure activity 

4) 1 hour of screen time per day 
5) Increased behavioral monitoring (eg, 

screen time, physical activity, dietary 
intake, and restaurant logs) by 
provider, patient and/or family 

6) Reinforcement for achieving targeted 
behavior goals (not weight goals) 

7) Ideally, a dietitian with expertise in 
childhood obesity could provide the 
nutrition and physical activity 
counseling. Additional training in 
motivational interviewing/behavioral 
counseling, monitoring and 
reinforcement, family conflict 
resolution, meal planning, and 

Intensive Lifestyle Intervention (ILI): 
1) Structured nutrition plan with 

three food categories, one of 
which “little bites” is limited  

2) School meals are provided 
3) Structured activity provided in PE 

at a MVPA level 
4) Goals made to reduce screen time 
5) Self-monitoring taught and 

encouraged for dietary intake, 
physical activity; weight 
monitored weekly 

6) Contingency management through 
a token economy system to 
reinforce behaviors 

7) A registered dietitian teaches a 
nutrition class (i.e., group-based 
treatment) and has check-in 
meetings with students to monitor 
progress and provide one-on-one 
behavioral counseling.  
Undergraduate students model 
health behaviors 

8) Parental involvement is 
encouraged through information 
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Stage Clinic-Based School-Based 
physical activity counseling could 
help treatment implementation.  

8) Parents should be involved in 
behavioral modification for children 
<12 years of age, with gradual 
decreases in parental involvement as 
the child ages.  

9) Referral to a physical activity 
program may be necessary to help 
some families develop an active 
lifestyle.  

10) Monthly follow-up assessment is 
recommended for most patients in 
this stage of treatment 

sent home, homework 
assignments, and in-person 
meetings 

9) Students are encouraged to take 
advantage of physical activity 
opportunities (i.e., athletics, dance 
clubs, YMCA programming, etc.) 

10) Students are seen daily, weight is 
assessed weekly, and BMI 
Percentile changes assessed every 
school semester 

3 Comprehensive Multi-disciplinary 
Intervention 
1) Planned negative energy balance 

achieved through structured diet and 
physical activity 

2) Structured behavioral modification 
program, including food and activity 
monitoring and development of short-
term diet and physical activity goals 

3) Involvement of primary 
caregivers/families for behavioral 
modification for children < 12 years 
of age with less among older youth 

4) Provision of training for all families 
to improve the home environment 

5) Systematic evaluation of body 
measurements, diet, and physical 
activity should be performed at 
specified intervals throughout the 
program 

6) Multidisciplinary team with 
experience in childhood obesity 

7) Frequent office visits (weekly for 8-
12 weeks with monthly maintenance 
visits). Group visits may be a cost-
effective option with therapeutic 
benefit 

Take CHARGE!  
1) Barriers to structured physical 

activity addressed through sex-
specific instruction one day/week, 
individual discussion with registered 
dietitian on how much food should be 
eaten  

2) Establishment of family units 
intensifies peer support, modeling, 
feedback on monitored dietary and 
physical activity habits, and 
introduces a new element to the 
contingency management via family 
competitions; sleep education and 
monitoring introduced 

3) Attempts at increased parent 
involvement including weekly text 
messages, BMI report cards, phone 
calls, parent-dietitian conferences 
(individual nutrition counseling), 
dietitian-led family cooking class 

4) Parent-dietitian conferences 
(individual nutrition counseling), 
More objective measures of home 
environment from activity tracker 
than student self-report to help 
facilitate transparent conversations to 
address barriers at home; school 
administration and teachers trained 
on Take CHARGE goals and 
approached about playing a larger 
role in supporting participants  

5) Weekly weight monitoring and 
reflection and tracking of diet and 
physical activity 
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Stage Clinic-Based School-Based 
6) Weekly meetings with teachers and 

school administration to discuss 
participant progress; greater 
involvement of teachers outside PE 
(e.g., participation in workouts, 
nutrition activities, and check-ins 
outside PE class) 

7) Daily interaction with research staff 
in group setting with two weekly 
individualized contact times (one 
with trained undergraduate student 
and one with registered dietitian) 

4 Tertiary Care Intervention  
1) Care provided by a pediatric tertiary 

weight management center that has 
access to a multidisciplinary 
childhood obesity team 

2) Consideration intensive additions 
such as meal replacement, a very-
low-energy diet, medication, and 
weight control surgery 

(Currently Unestablished) 
1) Possible referral to clinical treatment 

through school healthcare partnership 
2) Possible provision of meal 

replacements at school meals 

 
3.3.4.1.1 Increased parent communication 

During adolescence the importance of peer perception increases and the level at 

which parent involvement is needed in school-based obesity interventions for adolescents 

is not known.219 While the degree of involvement required is unknown, recommendations 

for adolescent obesity treatment consistently include parental involvement.23,24,27 Parents 

play a large role in determining the home health environment. Furthermore, parent 

involvement is consistently associated with favorable health behaviors and academic 

outcomes among youth.220-222 Unfortunately, parental involvement in school-based 

activities (academic or health related) is a challenge among low-income families.223 In the 

past, parent attendance at parent intervention meetings has been low in this school.83,90 

Generally face-to-face contact provides superior results compared to indirect 

involvement.81,82 However, indirect contact that asks for a response from parents has 
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shown some efficacy, and adolescents have had more improvements in behavioral 

outcomes from indirect parental contact than younger populations.81,82 

Take CHARGE increased the attempts at both direct and indirect parental 

involvement. Given the popularity of mobile phones, and preferences for text messaging 

among low income populations,224 mobile components to obesity interventions is a 

burgeoning area of research.225 Text messaging interventions are well liked by parents and 

feasible in the school setting.226-229 weekly text messages were sent to parents (via a 

secure, school-based message platform called School Messenger) that described what the 

focus of PE class was that week, asked for their support in helping their student practice 

these behaviors at home, and requested a reply from parents regarding how they are 

supporting their student. 

Secondly, parental involvement was recruited through a health screener that was 

sent home with students. Due to legislation in many states requiring BMI screening results 

to be provided to parents, “BMI report card” interventions are common. However, the 

combination of strategies surrounding the composition and delivery of health screeners 

has not yet been fully tested.230 The reporting of BMI screening is intended to overcome 

issues of parental misperception of their child’s weight status.231,232 This is particularly 

important among ethnic minority groups for whom an overweight body size is often 

perceived as favorable and misperception of weight status is common.233 Despite parents 

consistently reporting that schools have a responsibility to provide health education and to 

improve student health,234,235 much controversy exists regarding the use of “BMI report 

cards.”236 The following procedures used in Take CHARGE were developed with the 

support of the school PE teacher and were based on qualitative literature regarding 
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parental perception of BMI screening reports and from lessons learned from states that 

mandate reporting of BMI screening.235,237-240 

  Health screeners were sent home with the students in a sealed envelope. The 

screener included a description of the child’s weight status, explained how weight is 

related to health information, provided specific actionable advice for each weight 

classification, and provided information related to the health initiatives offered by the 

school (i.e., community health partnerships). Once health screeners were sent home, 

Registered Dietitians and trained dietetic interns called each family to answer questions 

regarding the health screener. During this phone call, families were offered an opportunity 

to schedule a parent-dietitian conference (i.e., nutrition counseling session with a 

registered dietitian). Conferences were scheduled around each parent’s availability, with 

planned openings for the weekend, mornings, and evenings. During the conference, 

registered dietitians discussed the students’ progress in Take CHARGE and how parents 

could support their child at home. Although some parents have expressed interest in 

reviewing school-based BMI screening results in-person,235 to the author’s knowledge this 

was the first time parent nutritional counseling sessions with a dietitian familiar with 

school programming was offered to parents.  

The final way in which Take CHARGE attempted to involve parents included a 

Saturday family cooking class led by a registered dietitian. This class was developed in 

response to desires expressed by parents in the past and was given in conjunction with 

established afterschool programming. The recruitment of parental involvement through 

established organizations has been identified as a promising strategy to increase parental 

engagement.82 While there is little literature on the specific efficacy of family cooking 
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classes in regards to adolescent weight outcomes, cooking classes are often requested and 

enjoyed by participants.223,241-245 The cooking class was three hours long and addressed 

common issues such as limited time, budget, and cooking equipment. Recipe cards were 

provided at the end of the class so that families could make the dishes at home. 

 
3.3.4.1.2 Increased feedback on the home environment 

From a practical perspective, the influence of school-based obesity interventions is 

limited if youth are unable to practice the behaviors learned in school at home. While the 

school health environment is understood, research and school staff have little knowledge 

of home health environments outside of what is reported to them by students. Self-report 

of dietary intake and physical activity are limited and may conceal important factors 

preventing treatment response.246-249 Take CHARGE increased objective feedback on the 

home environment through the use of an activity tracker. Students received an activity 

tracker (Polar A300 watch) to wear throughout their day. Goals for steps aligned with 

team challenges and a token economy system was used to encourage students to reduce 

sedentary time at home. While similar procedures using pedometers have resulted in 

increased adolescent physical activity in the short term,250-253 the primary purpose of this 

activity was to use the resulting step count information to inform and facilitate transparent 

conversations with students about their activity level outside of class. 

 
3.3.4.1.3 Sleep education and monitoring 

The high prevalence of inadequate sleep experienced by adolescents has been 

raised as a major public health issue.254-256 Initially of concern was the relationship 

between sleep and cognition.257 Among adolescents, insufficient sleep duration, 

frequency, and quality have been associated with impaired academic performance, 
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memory, attention, and executive functioning.258-261 These issues have led to widespread 

concern that early start times for school may be counterproductive to academic 

performance.262,263 More recently, inadequate sleep has been raised as an issue for weight 

management. Specifically, systematic reviews and meta-analyses provide consistent 

evidence linking short sleep duration with obesity,264-266 and longitudinal analysis 

confirms that short sleep duration is associated with future obesity.267 Mechanistically, 

insufficient sleep is thought to lead to increased energy consumption through increased 

waking time in an obesogenic environment, increased rewarding value of food, and 

increased hormonal hunger signaling.268 Insufficient sleep may also lead to a decrease in 

energy expenditure via fatigue which may decrease the likelihood an individual will 

adhere to his/her physical activity routine.268    

While there is little experimental sleep research regarding youth weight outcomes, 

because sleep has long been of concern for academic outcomes, multiple sleep 

interventions have occurred in the school setting.269-271 A recent Cochrane review 

investigating the use of later school start times as a strategy to increase sleep duration and 

subsequent academic and health outcomes did not have sufficient evidence to draw 

conclusions.271 Similarly, although sleep knowledge has been shown to improve, most 

sleep education interventions have not resulted in sustained improvements in sleep 

behavior.269,270,272 Activity trackers and mobile applications that monitor sleep are 

widespread and have had promising results in improving adult sleep quality.273 However, 

to the author’s knowledge, school-based interventions have not utilized these technologies 

to complement sleep education. Activity trackers provide valuable biofeedback that 

adolescents can use to self-monitor sleep habits.274,275  
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To address this, Take CHARGE included a sleep component. Specifically, 

students were educated on the importance of sleep for health and academic attainment, 

and sleep hygiene strategies (e.g., bed times, nightly routine, avoidance of electronics) 

were discussed. Additionally, students were instructed to wear an activity tracker (Polar 

A300 watch) to self-monitor their sleep habits. Goals for sleep and self-monitoring 

adherence were aligned with team challenges and rewarded through a token economy 

system.  

 
3.3.4.1.4 Creation of “family” units 

Family is a critical cultural value in both African American and Hispanic 

cultures.276,277 Compared to Anglo-European families in which family needs are met 

through individual contributions, African American and Hispanic families take a 

communal cooperative approach that includes extended family members to meet family 

needs.276 This interdependence fosters family loyalty, support and cohesion. Family 

cohesion is a protective factor against stressors such as those that might arise from 

changing dietary and physical activity habits.278  

In addition to familial values, peer influence is a critical determinant of health 

behaviors during adolescence.279-290 There is consistent evidence demonstrating the 

efficacy of behavioral treatment programs that involve a peer support component.123,291,292 

Peer support is recommended as a key weight management program component for older 

youth by the National Heart, Lung, and Blood Institute,27 and of multicomponent 

behavioral interventions those with a group component are most effective.17 In fact it is 

thought that the inherent group structure from classes is likely an important contributing 

factor to the success of school-based interventions among adolescents.34  
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In Take CHARGE, undergraduate students led “family” units of six to eight 

students. Students created weekly goals with their family leaders who assisted students in 

monitoring goal progress and completed intervention activities with students. 

Undergraduate family leaders also ate school lunch with students once a week. Weekly 

competitions between families were held to promote healthy behaviors and the monitoring 

of behaviors (e.g., number of minutes in target heart rate zone during class, fruit and 

vegetable consumption, steps taken, and hours slept). The token economy system from the 

ILI in the first semester was continued with the addition of a “CHARGE Cup” 

competition between families. This type of team dynamic takes advantage of teenage 

tendencies to feel responsibility to a peer group and to deem the opinions of their peers to 

be more relevant to them than the opinions of adults.293  

The creation of family units escalated the structure of modeling because students 

were specifically matched to an undergraduate (versus no assigned undergraduate leader 

in the first semester). Each week, undergraduate family leaders checked-in with 

participants in their family unit about energy balance behaviors and progress toward 

eating and activity goals. As undergraduate students were seen as “cool” by participants, it 

was thought that participants would be more likely to model their behaviors than the 

behaviors of adult figures (e.g., research staff, teachers).90 Furthermore, the assignment of 

participants to specific undergraduate students was intended as a way to increase student-

undergraduate rapport and facilitate greater relationship development. Similar to how 

therapeutic alliance leads to superior health outcomes,294 it was hoped that deeper 

relationships between matched students and undergraduate family leaders would 

contribute to improved weight outcomes. 
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3.3.4.1.5 Sex-specific barriers 
Although physical activity declines among both genders during adolescence, girls 

have greater declines in physical activity than boys.295-297 Engaging females in physical 

activity is challenging.298 Social support has been identified as an important factor,299,300 

however great heterogeneity exists regarding the source of support, type of support, and 

type of physical activity.299 Furthermore, female physical activity barriers differ by 

ethnicity.301,302 School hours are important for female physical activity with girls taking 

almost half (41-47%) of their daily steps at school.303 PE class is a time in which girls 

have an opportunity to be physically active at a higher intensity. However, girls do not 

engage in as much moderate-vigorous activity as boys do in PE.304 One explanation for 

this is physical activity enjoyment. PE enjoyment is more strongly related to physical 

activity for girls than boys.210 Girls report less enjoyment in PE than boys and their 

enjoyment declines as they age.305,306 One reason for a lack of enjoyment may be girls’ 

awareness of body size and discomfort in moving in front of peers. Middle and high 

school girls with higher BMI report lower levels of PE enjoyment.306,307 However, this 

isn’t the case for elementary-aged girls.308 During middle school years, percent body fat 

and social support predict physical activity level; whereas physical activity during high 

school is primarily predicted by self-efficacy.309 This makes it crucial to create an 

enjoyable environment for middle school girls to practice physical activity behaviors to 

increase physical activity self-efficacy. Some of these same barriers to physical activity 

for girls are also barriers to healthy dietary habits. For example, body dissatisfaction 

correlates with higher BMI and food restriction.310-312 
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Take CHARGE addressed barriers faced by females in a few ways. First, one day 

per week females completed workouts separately from males. Both sexes report preferring 

same-sex PE classes.305 On all four physical activity days, efforts were also specifically 

made by research staff to create an environment supportive of having fun and promoting 

female willingness to participate and try new activities. Finally, lessons regarding female 

body image and health were incorporated into the curriculum and provided on days the 

class was split by sex.  

 
3.3.4.1.6 Increased school staff involvement 

Consistent with obesity treatment guidelines under which escalated treatment 

stages include a greater number of medical team members to a patient’s care plan,23 a 

greater number of school staff were invited to participate in the intervention. Just as 

members of a multidisciplinary care team bring unique understandings of care priorities, 

so do different school staff who likely know youth in different ways. For example, staff 

may have had varying levels of success engaging parental involvement for the child or 

may have already established rapport with the student that can be utilized to support 

physical activity and dietary behaviors. At the beginning of Take CHARGE teachers and 

school staff were invited to attend a meeting in which the aims of Take CHARGE were 

discussed and opportunities for staff participation were introduced. Specifically, school 

staff outside of PE teachers participated in select workouts, helped judge cooking 

competitions, and volunteered to assist with family-based rewards for the token economy 

system (e.g. field trips, volunteering to be pied, class-based incentives). Research staff had 

weekly meetings with school staff about individual student progress. School staff 

provided recommendations on how to connect with students who were not improving 
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weight outcomes. Individual school staff members paired up with students who were 

gaining weight to provide additional support for healthy behavior changes outside of PE 

class. Finally, as necessary, students were referred to school-based counseling services for 

assistance with behaviors that a registered dietitian identified as potentially interfering 

with healthy dietary consumption (e.g., impulse control). Including more staff increased 

the reach of Take CHARGE to outside the PE period.  

 

3.3.4.2 Intervention arm two: PE Planners 
 The overall premise of the PE Planners arm was that participants had learned the 

tools they needed to be healthy during ILI and were now tasked with applying these skills. 

Specifically, every two weeks participants planned what they would do each day in PE. 

PE teachers approved plans based on feasibility (e.g., available equipment and space) and 

safety. As with the Take CHARGE participants, PE Planners wore heart rate monitors 

each day and received continuous biofeedback regarding their exercise intensity. Every 

two weeks, students used reports of their daily time in their target heart rate zone from the 

past two weeks to reevaluate and alter their plan for the next two weeks. PE teachers 

assisted students in calculating their grade for those past two weeks and encouraged 

students who were at risk of failing to consider adjustments to their plan. However, during 

workouts PE teachers did not force adherence to plans. PE teachers were available for 

support or to assist with a particular exercise or activity if the student requested assistance, 

but they did not initiate support or provide instruction. The only times PE teachers 

interfered with student activity was to provide warnings to students at risk of failing or if 

an activity was unsafe. Homework for PE Planners consisted of informational readings on 
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health topics with comprehension reading questions. All PE Planner sessions were co-ed. 

No attempts at parental involvement were made. Outside school staff was not enlisted for 

support with the PE Planners and college undergraduates had no contact with PE Planner 

participants.  

3.4 Measures 
Prior to beginning ILI, participants completed a demographic questionnaire. 

Intervention attendance was recorded daily. Height and weight were directly measured by 

trained research staff before and after ILI and following the second academic semester. 

Participants’ height and weight were measured in minimal clothing and without shoes to 

the nearest 0.01 centimeter and kilogram respectively. BMI, BMI Percentile, standardized 

BMI, and BMI represented as a percentage of the 95th BMI Percentile (%BMIp95) were 

calculated according to the CDC guidelines.135,199 Due to the relatively high prevalence of 

severe obesity among study participants (over 20%), %BMIp95 was chosen over other 

weight-related metrics as the primary outcome metric for this analysis. Due to limitations 

of standardized BMI for children over the 97th BMI percentile, the current 

recommendation for assessing longitudinal change among populations with substantial 

participants at or above the 97th BMI percentile is to use BMI relative to the 95th 

percentile (i.e., %BMIp95).135 Specifically, %BMIp95 was calculated as: (the BMI 

associated with the 95th percentile for the participant’s sex and age X 100) / the 

participant’s BMI. 

Dose of intervention received was assessed as the number of days participants 

attended the intervention sessions (i.e., PE class) each semester. This information was 

calculated from prospectively collected attendance records for each participant. Dose was 
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transformed to be mean-centered for two reasons. First centering improves the 

interpretability of coefficients. A dose of zero is implausible in this study because all 

participants received some amount of intervention. Secondly, dose (i.e., attendance) was 

correlated to time. Centering helped reduce the correlation between the dose*time and its 

components. 

Response to ILI in the first academic semester and response to second semester 

treatment were determined based on the AAP Recommendations for Treatment of Child 

and Adolescent Overweight and Obesity,23,24 which were adapted for the school setting 

(Table 1.2). An academic semester roughly coincides with the recommended three-month 

follow-up period for reassessment. This criteria for response is notably more stringent 

than previously used definitions for response among school-based intervention.123-128 The 

two treatment arms in the second academic semester resulted in four comparison groups: 

those unresponsive to ILI who were randomized to Take CHARGE!, those unresponsive 

to ILI who were randomized to PE Planners, those responsive to ILI who were 

randomized to Take CHARGE!, and those responsive to ILI who were randomized to PE 

Planners. 

3.5 Statistical Analysis 
 Statistical analysis was conducted with SPSS 26. Means and prevalence of 

demographic characteristics were computed. Changes in weight related metrics in the first 

semester (from ILI) were calculated. A two by one repeated measures ANOVA was 

calculated to examine %BMIp95 over the first semester. Chi-square and t-tests evaluated 

demographic and anthropometric differences between study arms at the time of 

randomization (end of semester one).  
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Mixed linear models (restricted maximum likelihood estimation) with random 

intercepts to account for the repeated measures of each subject and time-varying 

covariates (i.e., dose) were developed to evaluate the differences in %BMIp95 over the 

course of the second semester between treatment arms (i.e., Take CHARGE and PE 

Planners). Models were also developed to evaluate the differences in %BMIp95 between 

treatment arms considering response to ILI in the first semester (i.e., initially unresponsive 

Take CHARGE, initially responsive Take CHARGE, initially unresponsive PE Planners, 

initially responsive PE Planners). Fixed effects in the model included the class period in 

which participants received intervention (unique to their cohort), time (as a continuous 

variable), mean-centered dose, group, time*dose, and time*group. Due to the expected 

difference in dose between cohorts (cohort 2 received fewer days of intervention than 

cohort 1 because of covid-19 related school closures), two mixed linear models were 

developed, one with dose centered at the mean dose of cohort 1 and one with dose 

centered at the mean dose of cohort 2, which allowed for evaluating the average responses 

in each cohort. Consistent with CONSORT Guidelines, an intention-to-treat model was 

developed using the last observation carried forward method. Lastly, the proportion of 

responsive participants was compared between treatment arms using a chi-square test.  

3.5.1 Differences between proposal and trial execution 
 Originally, standardized BMI was proposed as the metric to assess weight-related 

changes over the course of the trial. However, due to the high prevalence of severe obesity 

among trial participants (21%), it was determined that standardized BMI would not be an 

appropriate metric to assess longitudinal changes in weight-related outcomes. BMI 
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represented as a percentage of the 95th BMI percentile (%BMIp95) was used instead as 

this metric is more accurate at BMI Percentiles above the 97th percentile.  

 Interventions based in a school setting cannot solely address those of a specific 

weight classification as this may stigmatize youth. Improvements in dietary and physical 

activity behaviors are important to minimize disease risk, irrespective of weight 

classification. Since these are the target behaviors of any lifestyle weight management 

intervention, youth of all weight classifications can be treated simultaneously in a group 

setting that includes periodic individual meetings. One of the reasons the AAP 

Recommendations for Treatment of Child and Adolescent Overweight and Obesity23,24 

was originally chosen to define response in this project is that it includes 

recommendations for students of all weight classifications, which would enable the 

possibility of conducting an overall analysis. However, through the process of this project, 

it has become clear that it is important to analyze the impact of intervention on healthy 

individuals separately from those with overweight or obesity classifications. For example, 

in Aim One the resulting trees for prevention and treatment subsamples were very distinct 

from each other. Additionally, many questions have arisen over the course of this project 

about the appropriateness of the AAP recommendations for response among participants 

with healthy weight classification. Specifically, to be responsive according to AAP 

recommendations, participants with healthy weight classification must maintain their BMI 

percentile. This means, for example, that an individual with a BMI percentile of 15 who 

increased over the course of the intervention to a BMI percentile of 20 would be classified 

as unresponsive. From a health-risk perspective, there is no evidence that this increase in 

BMI percentile is detrimental to health and may even be a beneficial change. Substantial 
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further research is needed to better define response to interventions aimed at prevention. 

As such, the analysis was limited to include only participants with overweight or obesity 

classifications for whom the goal of the intervention was treatment. 

 Lastly, as noted in the study design section, the COVID-19 Pandemic resulted in 

an unexpected school closure during the second semester of intervention for cohort two. 

By the time of school closure, individuals in cohort two had been exposed to all aspects of 

both conditions, but they received fewer days of intervention than those in cohort one (an 

average of 25.57 fewer days). To account for this, individuals’ intervention attendance 

(“dose”) during the second semester was included as a time-varying covariate in analyses. 

While this is not an ideal research scenario, it was unavoidable. Investigators felt that it 

would be scientifically unethical to participants who volunteered their time and energy to 

participate in the trial for almost two years to not try to analyze data, and that it would be 

irresponsible to not proceed with data that can contribute meaningfully to scientific 

literature.  

3.6 Results 
Demographic and anthropometric characteristics of individuals at the time of 

randomization are provided in Table 3.3. There were no differences between treatment 

arms at the time of randomization and there were no differences between those who 

completed the intervention and those who did not. No adverse effects of intervention were 

reported by participants. Reasons for exclusions and attrition are outlined in Figure 3.1. 

There was 13% attrition over the entire academic year and 5% attrition following 

randomization.  
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Table 3.3 Demographic and anthropometric characteristics, Mean (SD) or n [%] 

Characteristic Overall (n=171) Take CHARGE 
(n=85) 

PE Planners (n=86) 

Demographic characteristics 
Age 13.63 (1.32) 13.64 (1.28) 13.62 (1.36) 
Sex    

Male 70 [40.94] 36 [42.35] 34 [39.53] 
Female 101 [59.06] 49 [57.65] 52 [60.47] 

Ethnicity    
Hispanic 146 [85.38] 72 [84.70] 74 [86.05] 
African 
American 

24 [14.04] 12 [14.12] 12 [13.95] 

Asian 1 [0.58] 1 [1.18] 0 [0.00] 
Anthropometric changes in first academic semester (post ILI – pre-ILI) 
Height change (cm) 0.90 (0.89) 0.96 (0.95) 0.85 (0.84) 
Weight change (kg)  0.59 (2.19) 0.59 (2.28) 0.58 (2.11) 
BMI change -0.09 (0.85) -0.10 (0.85) -0.06 (0.95) 
BMI Percentile 
change 

-0.33 (1.65) -0.30 (1.59) -0.35 (1.71) 

Standardized BMI 
change 

-0.04 (0.11) -0.04 (0.10) -0.04 (0.11) 

%BMIp95 change -1.35 (3.23) -1.45 (3.21) -1.25 (3.27) 
Response to ILI a    

Responsive 59 [34.50] 27 [31.76] 32 [37.21] 
Unresponsive 112 [65.50] 58 [68.24] 54 [62.79] 

Anthropometric characteristics at randomization (start of second semester) 
Height (cm) 158.06 (8.78) 158.50 (9.36) 157.62 (8.19) 
Weight (kg) 70.87 (16.52) 71.65 (16.74) 70.10 (16.35) 
BMI 28.14 (4.86) 28.32 (5.08) 27.95 (4.65) 
BMI Percentile 94.58 (4.21) 94.62 (4.31) 94.55 (4.14) 
Standardized BMI 1.76 (0.46) 1.77 (0.47) 1.74 (0.44) 
%BMIp95 106.92 (17.86) 107.65 (18.70) 106.19 (17.07) 
Weight classification    

Overweight 74 [43.27] 36 [42.35] 38 [44.19] 
Moderate obesity 61 [35.67] 30 [35.29] 31 [36.05] 
Severe obesity 36 [21.05] 19 [22.35] 17 [19.77] 

a Guidelines for response were adapted from American Academy of Pediatrics 
guidelines for childhood obesity treatment and are specifically outlined in Table 1.216 

ILI = Intensive Lifestyle Intervention 
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3.6.1 Semester 1: ILI 
Table 3.3 reports changes in weight-related outcomes over the first semester. 

These changes are similar to prior implementation of ILI at three months.83 The repeated 

measures ANOVA concluded that the within group change in %BMIp95 during the first 

semester was statistically significant (F(1,170)=19.89; p<0.001).  

3.6.2 Semester 2: Take CHARGE or PE Planners  
Both treatment arms decreased %BMIp95 over the course of the second semester 

(dose centered on mean of cohort 1: F(1,168.01)=47.15, p<0.001; dose centered on mean 

of cohort 2: F(1,168.01)=6.20, p<0.05). There were no differences in %BMIp95 between 

treatment arms over the course of the second semester in either model (both models: 

F(1,168.16)=0.28, p=0.60). However a significant interaction effect of time by group was 

found when response to ILI in the first semester was considered (both models: 

F(3,166.14)=5.00, p<0.01). Figure 3.2 illustrates the changes in %BMIp95 over the 

semester between treatment arms with consideration of response to ILI.  

Figure 3.2 Changes in %BMIp95 over semester two by treatment arm with 
consideration of response to ILI in the first semester 
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Among those unresponsive to ILI in the first semester, those randomized to Take 

CHARGE! had a significantly greater decrease in %BMIp95 than those randomized to PE 

Planners (both models: β = -0.01, t=-2.52, p<0.01). Conversely, among those responsive 

to ILI in the first semester, those randomized to Take CHARGE! had significantly smaller 

decreases in %BMIp95 than those randomized to PE Planners (both models: β = 0.02, 

t=2.31, p<0.05). Table 3.4 shows the estimated mean changes by group considering 

response to ILI in the first semester.  

Table 3.4 Estimated mean changes in BMI represented as a percentage of the 95th BMI 
Percentile by treatment group based on response to ILI in semester one, mean (SD) 

 Completers (n=171) Intention-to-Treat (n=180) 
Unresponsive Take CHARGE! -2.16 (0.92) B, C, D -2.13 (0.90) B, C, D 

Responsive Take CHARGE! -0.89 (0.68) A, D -0.69 (0.63) A, D 
Unresponsive PE Planners -0.51 (0.64) A, D  -0.48 (0.61) A, D 
Responsive PE Planners -3.16 (1.14) A, B, C -2.97 (1.09) A, B, C 
A significantly different at p<0.001 from Unresponsive-Take CHARGE 
B significantly different at p<0.001 from Responsive-Take CHARGE! 
C significantly different at p<0.001 from Unresponsive-PE Planners 
D significantly different at p<0.001 from Responsive-PE Planners 

 

The time*dose interaction was significant in the models comparing randomization 

groups (F(1,168.01)=5.12, p<0.05) and in the models comparing groups with 

consideration of response to ILI in the first semester (F(1,166.01)=4.33 p<0.05). The 

slope of %BMIp95 change over time was steeper for those who received a higher dose of 

either intervention. Examples of %BMIp95 trajectories by group considering response to 

ILI in the first semester with a starting value of 100 %BMIp95 for second semester are 

shown in Figure 3.3. Irrespective of dose received, the average response in individuals 

who were unresponsive to ILI who received Take CHARGE was a decrease in %BMIp95, 

however those who received a high dose decreased %BMIp95 faster than those with a low 
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dose. Comparatively, the average response in individuals who were unresponsive to ILI 

who received a low dose of PE Planners was an increase %BMIp95; whereas those who 

received a high dose decreased %BMIp95. Among those responsive to ILI in PE Planners, 

there were minimal differences in the change in %BMIp95 between low and high doses. 

However, those who received a high dose of Take CHARGE decreased %BMIp95; 

whereas those who received a low dose maintained.  

Figure 3.3 Representation of changes in %BMIp95 based on intervention dose across 
each group 

 
Note. These figures are representative of an individual with a %BMIp95 value of 100 at 

the start of the second semester. Minimum and maximum doses presented represent the 

minimum and maximum of the overall sample. 
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3.6.3 Evaluation of response 
There was no difference in the proportion of participants who were responsive in 

the second semester between treatment arms (χ2 (1, N=171)=0.07, p=0.79) or between 

treatment arms with consideration of response to ILI in the first semester (χ2 (3, 

N=171)=4.58, p=0.21). Among those in Take CHARGE, there was no difference in the 

proportion of responsive individuals based on response to ILI in the first semester (χ2 (1, 

N=85)=0.51, p=0.48). However, among those in PE Planners, the proportion of 

participants responsive in the second semester was higher among those who were 

responsive to ILI in the first semester (χ2 (1, N=86)=3.95, p<0.05). 

Over the course of the entire academic year, 33.3% of participants were responsive 

using AAP guidelines, 74.3% had maintained or decreased %BMIp95, and 54.5% had 

maintained or decreased BMI. Figure 3.4 illustrates patterns of response over the course of 

the academic year for each treatment arm.   

Figure 3.4 Comparison of response patterns by treatment arm 
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3.6.4 Intention-to-treat model 

The primary results of the intention to treat models paralleled that of the 

completers models. Specifically, %BMIp95 decreased over time in both treatment arms 

(dose centered on mean of cohort 1: F(1,177.01)=46.00, p<0.001; dose centered on mean 

of cohort 2: F(1,177.01)=5.56, p<0.05). There were no differences in %BMIp95 between 

treatment arms over the course of the second semester in either model (both models: 

F(1,177.16)=0.25, p=0.62). However, a significant interaction effect of time by group was 

found when response to ILI in the first semester was considered (both models: 

F(3,175.14)=5.40, p<0.01). Among those unresponsive to ILI in the first semester, those 

randomized to Take CHARGE! had a significantly greater decrease in %BMIp95 than 

those randomized to PE Planners (both models: β = -0.01, t=-2.68, p<0.01). Conversely, 

among those responsive to ILI in the first semester, those randomized to Take CHARGE! 

had significantly smaller decreases in %BMIp95 than those randomized to PE Planners 

(both models: β = 0.02, t=2.63, p<0.01). Table 3.4 shows the estimated mean changes by 

group considering response to ILI in the first semester.  

In contrast to the completers model in which no main effect was found for either 

period or dose, the main effects for both period (F(8,167.00)=2.34, p<0.05) and dose 

(F(1,168.23)=12.01, P<0.01) were was statistically significant. Table 3.5 provides a 

comparison of fixed effects between models. 
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Table 3.5 Fixed effects across linear mixed models (random intercepts)  

 Completers (N=171) Intention-to-treat (N=180) 
 Model 1 A, C Model 2 B, C Model 3 A, D Model 4 B, D Model 5 A, C Model 6 B, C Model 7 A, D Model 8 B, D 
 F  P-

Value 
F  P-

Value 
F  P-

Value 
F  P-

Value 
F  P-

Value 
F  P-

Value 
F  P-

Value 
F  P-

Value 
Time 78.51 <0.001 29.96 <0.001 149.51 <0.001 64.68 <0.001 46.00 <0.001 5.56 0.019 44.80 <0.001 7.29 0.008 
Group C, D 0.31 0.578 0.31 0.578 0.12 0.946 0.12 0.946 0.32 0.570 0.32 0.570 0.25 0.860 0.25 0.860 
Dose A, B 2.51 0.115 2.51 0.115 2.45 0.119 2.45 0.119 11.75 0.001 11.75 0.001 12.01 0.001 12.01 0.001 
Period 1.34 0.229 1.34 0.229 1.32 0.237 1.32 0.237 2.31 0.023 2.31 0.023 2.34 0.021 2.34 0.021 
Time*Group 0.44 0.507 0.44 0.507 40.71 <0.001 40.71 <0.001 0.25 0.619 0.25 0.619 5.40 0.001 5.40 0.001 
Time*Dose A, B 3.01 0.084 3.01 0.084 5.94 0.015 5.94 0.015 5.16 0.024 5.16 0.024 4.51 0.035 4.51 0.035 
A Odd numbered models include dose centered on the mean dose of cohort 1. 
B Even numbered models include dose centered on the mean dose of cohort 2. 
C In models 1, 2, 5, and 6, the group variable includes two categories (i.e., Take CHARGE and PE Planners)  
D In models 3, 4, 7, and 8 the variable group includes consideration of response to ILI in the first semester and accordingly has four categories (i.e., 
Unresponsive to ILI-Take CHARGE, Responsive to ILI-Take CHARGE, Unresponsive to ILI-PE Planners, and Responsive to ILI-PE Planners). 
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3.7 Discussion 
 This study was the first to evaluate a stepped obesity treatment in the school 

setting. Consistent with the hypothesis, participants unresponsive to ILI in the first 

semester who were randomized to Take CHARGE had greater improvement in %BMIp95 

than those randomized to PE Planners. However, in contrast to the hypothesis, those who 

were responsive to ILI in the first semester who were randomized to PE Planners had 

significantly greater %BMIp95 improvement than those randomized to Take CHARGE. 

Together, these results illustrate the importance of secondary intervention options and the 

value in considering an individual’s response to initial treatment when providing 

secondary intervention. Despite the paucity of stepped interventions among pediatric 

populations, adaptive approaches to adult obesity treatment are becoming more 

prevalent.313 The results of this study among individuals unresponsive to ILI are consistent 

with findings among adults in which providing stepped care has resulted in improved 

weight outcomes for some individuals, but not for others.314  

 While those unresponsive to ILI in the first semester experienced significantly 

greater mean improvements in %BMIp95 in Take CHARGE compared to PE Planners, 

many participants who were unresponsive to ILI were also unresponsive to Take 

CHARGE. This group of unresponsive individuals represent a high-risk population in 

need of a different treatment option. According to clinical guidelines, the next stage of 

treatment for individuals unresponsive to comprehensive multidisciplinary intervention is 

tertiary care (i.e., pharmaceutical and surgical options).23 While this study took initial 

steps to understanding the limits of school-based intervention, additional research is 

needed to identify when treatment outside of the school setting is needed and how to 
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provide this treatment to low income populations. Consistent with AAP recommendations 

for schools to help prevent obesity, many school-based interventions are designed to 

prevent, not necessarily treat, obesity.23 The results of this study indicate that schools can 

play a multi-staged role in the treatment of obesity. The role schools can play in the 

treatment, not just prevention, of obesity should be considered in the creation or expansion 

of clinic-school partnerships. This is particularly important given the growing prevalence 

of severe obesity among adolescents for whom prevention efforts alone are unlikely to 

have a meaningful impact.2  

 The findings in this study indicate that providing escalated treatment to individuals 

initially responsive may be detrimental to weight outcomes. The present study was 

informed by Social Cognitive Theory which postulates a dynamic interplay between the 

individual, his/her environment, and his/her behavior.200,201 However, this interplay is 

inherently specific to the individual. As such, it is unclear the degree to which various 

aspects of the environment and an individual’s past experiences contribute to behavioral 

changes. The results of this study indicate that past experiences with intervention (i.e., 

response to ILI in the first semester) may be particularly relevant regarding response to 

secondary intervention, and possibly more important than supports provided in secondary 

intervention. A main tenant of Social Cognitive Theory is the importance of outcome 

expectancies, or one’s beliefs about the consequences of performing a behavior.201 It is 

possible that providing escalated treatment to participants who were responsive to ILI in 

the first semester contradicted participants’ outcome expectancies. Intervention was 

provided as participants’ PE class. As such, it is likely that participants’ outcome 

expectancies for the intervention in PE class would be consistent with their expectations 
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for other classes. When a student does well in an academic subject they are positively 

reinforced with a good grade and usually given greater autonomy in the class. As teachers 

often provide additional attention to students who are misbehaving or not performing well 

academically, additional attention from the teacher that is not framed as a reward or 

recognition of good work, might be considered negative reinforcement. Due to this, the 

experience of students randomized to Take CHARGE in the second semester who were 

responsive to ILI in the first semester may be inconsistent with their outcome 

expectancies. Instead of being given greater autonomy as potentially expected from 

improving their health behaviors in the first semester, these students were given less 

autonomy and received increased attention from teachers and research staff. Such a 

discrepancy could help explain the greater benefit in weight outcomes that was observed 

among PE Planner participants compared to Take CHARGE participants among those 

responsive to ILI. These findings indicate the importance of considering appropriate 

reinforcements for each treatment stage and the need to understand and help develop 

appropriate participant expectations at each stage.  

 Improvements among participants initially responsive to ILI who were randomized 

to receive the PE Planners maintenance program may provide insight into the role of 

physical activity among youth for weight maintenance. Although participants were 

allowed to include nutrition education in their plans, zero participants did this, which 

meant that all participants focused on physical activity five days/week. Findings among 

this subsample are consistent with evidence among adults that physical activity plays a 

critical role in weight maintenance.315 Importantly, participants in this subsample 

decreased—not just maintained—%BMIp95. In contrast to adults for whom physical 
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activity has been generally shown to maintain, but not necessarily lose weight,316  physical 

activity may have resulted in average decreases in %BMIp95 among the youth in this 

study because maintaining weight during growth results in an improvement in BMI. This 

illustrates the potential for “maintenance” programs to result in continued improvement in 

BMI among youth and provides an important rationale for pediatric “maintenance” 

intervention.  

 Among initially unresponsive individuals a minimal dose of Take CHARGE was 

more beneficial than a minimal dose of PE Planners. While there was no control condition 

in this study, a minimal dose of the PE Planners maintenance program is indicative of 

receiving very little structured intervention. Individuals who were unresponsive initially in 

PE Planners increased %BMIp95 while those who received a low dose of Take CHARGE 

still improved %BMIp95. This illustrates that there may be benefit for unresponsive 

individuals to receive even a small dose of intensive intervention. This is an important 

finding as students at highest risk of being unresponsive may also be at increased risk for 

poor school attendance.57  

 The results of this study should be interpreted in light of its strengths and 

limitations. This study contributed to the literature by adapting clinical guidelines to 

investigate the effectiveness of a staged approach to treatment in the school setting. As 

such this study created a framework to build from for future research investigating 

secondary intervention options. Being in the school environment made it infeasible to 

conduct a blinded randomized controlled trial, which likely introduced bias. Although 

statistical analysis was conservatively conducted to account for differences in intervention 

dose received due to school closures for the COVID-19 pandemic, it is possible that this 
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could have impacted study results. This study was conducted among a low income, ethnic 

minority adolescent population who are at disproportionate risk for many chronic diseases 

and over one-fifth of participants in this study had severe obesity. While it is important to 

better understand how to improve intervention response among this high-risk group, 

results may not be generalizable to other populations. Despite this, the framework created 

through this study can likely be used among other populations.  

3.8 Conclusions 
Overall, this study took the initial step to apply staged clinical treatment guidelines 

to the school setting to provide an escalated treatment option for individuals unresponsive 

to initial school-based treatment. Importantly, the findings of this study illustrate the need 

to consider response to initial intervention as a determinant of appropriate secondary 

intervention. Taken together with past studies on the role of early response on overall and 

later weight loss, the findings of this study provide a strong case for the importance of 

understanding response to initial intervention as a way to better understand secondary 

intervention to achieve longer term results for a greater proportion of participants.  
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CHAPTER 4. CONCLUSIONS AND IMPLICATIONS 

 

4.1 Scientific Contribution and Implications 
This project illustrates the importance of considering initial response to treatment 

to determine the next step in treatment for an individual. Background research regarding 

the relationship between early changes in BMI and later changes in BMI indicated that the 

majority of BMI improvement occurred in the early stage of intervention, and this early 

change was not related to later changes in intervention. Aim One of this project illustrated 

that while there is great individual variability regarding characteristics that distinguish 

between being responsive or unresponsive to intervention, individuals unresponsive to 

intervention initially are unlikely to become responsive later with more of the same 

treatment.  

Aim Two of this project presented a novel framework to evaluate school-based 

obesity intervention that considers how many individuals meaningfully benefited from 

intervention. To do this, the staged treatment recommendations for pediatric obesity in a 

clinic setting were adapted to the school setting. This created an intervention framework 

that can be replicated and refined in subsequent study. From this framework it was learned 

that individuals unresponsive to initial intervention can improve BMI through escalated 

treatment and, importantly, that escalated treatment is not the proper course of action for 

individuals who responded to initial treatment. This illustrates that the assessment of 

initial response is important to not only provide more intensive treatment to individuals 

who were initially unresponsive, but to also provide the most beneficial plan of treatment 

to individuals who were initially responsive.  
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4.2 Future Directions 

Many gaps in the literature were identified throughout this project. While this 

project took initial steps in addressing some of these gaps, more work is needed to 

improve the overall outcomes of pediatric obesity interventions. The overall trend in 

healthcare towards precision medicine illustrates the importance of better understanding 

for whom which interventions work. To improve outcomes of obesity interventions, and 

ultimately the overall prevalence of obesity, it is important that individual variation to 

treatment be better understood. Examining mean changes between groups does not 

address individual variation. This method also does not address if the magnitude of 

improvement is clinically meaningful.  

The Federal Drug Administration (FDA) sets both mean and categorical efficacy 

standards for weight loss drugs. Specifically, efficacy trials need to show 1. a statistically 

significant mean weight loss difference of 5% between active-treated and placebo treated 

groups (5-10% weight loss has been associated with cardiometabolic improvement in 

adults); and 2. the proportion of subjects who lose ≥5% body weight in the active-treated 

group has to be at least 35% (or about double the proportion in the placebo-treated group) 

and this proportion has to be statistically different from that of the placebo-treated 

group.317 Consistent with these standards, an increasing number of behavioral weight loss 

interventions among adults report the proportion of individuals who achieve the 5-10% 

threshold of weight loss associated with cardiometabolic improvements as well as mean 

differences between groups.113 As this project highlighted, defining response to youth 

weight management interventions is challenging. Expected growth and development of 

youth make it difficult to define response using the same metrics as adults (i.e., by the 
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degree of BMI improvement associated with cardiometabolic improvement). Likely due to 

the lack of a consistent definition for response among pediatric populations, few studies 

report response as an evaluation metric of pediatric intervention and current definitions 

usually come from analyses attempting to better understand for whom a given intervention 

“worked.” As is illustrated by the FDA efficacy guidelines, it is important for weight-

related goals to be set beyond an intervention having mean outcomes superior to control to 

improve the number of youth who achieve meaningful improvement from interventions. 

This is particularly important when interventions are disseminated as these programs will 

no longer have a comparison group to understand if the program is making a meaningful 

impact on participants.  

Medical professionals take an oath to first do no harm to patients. Behavioral 

lifestyle intervention is generally viewed as a low risk intervention option. However, 

behavioral interventions are not innocuous. Exercise interventions that result in 

cardiometabolic improvements for some, result in worsened cardiometabolic health for 

others.318 Among some individuals, an increased focus on weight, physical activity, and 

dietary behaviors can result in disordered eating behaviors.319 Disordered eating is 

common among individuals with obesity and having obesity in childhood increases the 

likelihood of having an eating disorder as an adult.320 A higher number of weight loss 

attempts has been associated with a lack of response to current intervention.321 Thus, poor 

response now may impact an individual’s chance of improvement in subsequent 

intervention. Lastly, physical activity and dietary changes can be challenging to make—

some individuals may find these changes to be uncomfortable or even aversive.322 

Lifestyle behavior change requires considerable time, effort, and financial resources on 
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the part of both providers and participants. Given these considerations, it is important to 

understand the likelihood that a participant will have a meaningful benefit from a 

particular intervention. This can only be done by defining what a meaningful benefit to 

intervention is among youth and by including both mean and categorical criteria to 

evaluate the efficacy of interventions.  

Defining and evaluating response is needed to identify individuals who are 

unresponsive to intervention. As shown throughout this project, individuals that are 

unresponsive initially are unlikely to become responsive later with the same treatment. 

They are also unlikely to respond to a less intensive treatment. This makes it important to 

identify individuals unlikely to respond as early as possible in intervention and to provide 

more intensive care options. This project established a framework from which this can be 

done in the school setting. As the intervention in this project was the first to provide an 

escalated treatment option in the school setting, future research to determine optimal 

escalated intervention content and timing of delivery is needed. A SMART trial design 

may be particularly helpful to use for this investigation.313 Additionally, it is unrealistic to 

believe that all participants will respond to a given intervention. It is important to explore 

school-clinic partnerships at possible next steps for individuals who are unresponsive after 

escalated school-based treatment. It is possible that some individuals may be resistant to 

behavioral intervention in general and require pharmacological or surgical intervention. 

Understanding and identifying these high-risk individuals requires a staged intervention 

plan. As shown in this study, schools can play an important role in staged intervention 

among non-treatment seeking individuals in need of treatment.  
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This project made substantial contributions to the scientific literature and 

highlighted many areas in need of future research. However, it is important to examine 

these contributions and identified gaps in the context of the overall goals of pediatric 

obesity interventions. The driving purpose behind this research was to examine how 

interventions can be designed to better improve the health of adolescents at high risk for 

the development of chronic diseases. Incorporating an assessment of the proportion of 

individuals who respond to intervention along with an evaluation of mean differences 

compared to control is one way to obtain a better understanding the overall impact of an 

intervention. This evaluation provides a better understanding because it is more 

comprehensive. There is no agreed upon best way to assess obesity among youth. The 

gold standard ways to measure obesity were not chosen because they were better than 

other methods. They were chosen because they were just as good as other methods and 

could be applied simply. As is the case with many categorical classifications, it is unlikely 

that any response definition will apply perfectly to every individual. Ultimately, the 

addition of the assessment of response is important because it provides another source of 

information to use to better understand the impact an intervention has on youth health, 

which is the overall goal of this area of research.  

4.3 Conclusions 

The scope and severity of obesity across the globe make it critical to develop 

interventions that improve weight-related outcomes in a meaningful way for large 

numbers of individuals. Intervening during middle and high school years is an important 

strategy to reduce the overall obesity prevalence as behaviors learned during adolescence 
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are likely to track into adulthood and because adolescence is the final life stage in which 

growth in height can be used to help bring weight and height into a healthy proportion. 

This project illustrated how pediatric BMI can continue to decrease during maintenance 

phases and at long term follow-up; whereas initial decreases in BMI are typically followed 

by maintenance or increases in BMI among adults. Although expected growth and 

development during adolescence can be advantageous in intervention, it also creates 

challenges to determining a meaningful, consistent definition for intervention response. 

While there is a clear need to establish a definition for response and define weight-related 

goals in pediatric obesity intervention, early response appears to play an important role in 

overall outcomes across varying proposed definitions. Moving forward it is important that 

pediatric obesity interventions consider past weight management attempts and initial 

response to intervention when deciding treatment plans. 
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ABSTRACT 1 

Background: The overall goal of pediatric obesity interventions is to bring about long-term 2 

change. Early response to obesity intervention consistently predicts long-term BMI reductions. 3 

However, little is known about how changes in weight at other times in intervention may impact 4 

long-term outcomes. This study examined if later weight-related changes during school-based 5 

obesity intervention were associated with overall outcomes, and if early changes during an 6 

intervention were predictive of changes later in an intervention.  7 

Subjects/Methods: We examined data from multiple studies on a two-semester long school-8 

based obesity intervention with established efficacy among Hispanic middle school students. 9 

Only students who received the intervention and had complete anthropometric data at two years 10 

were included in analysis (n=174). A series of linear regression models were developed in 11 

which first and second semester changes in BMI represented as a percentage of the 95th BMI 12 

percentile (%BMIp95) were separately used to predict overall long term %BMIp95 outcomes. 13 

First semester changes in %BMIp95 were then used to predict subsequent %BMIp95 change 14 

(i.e. second semester). 15 

Results: Both %BMIp95 change in the first and second semesters were independently 16 

associated with overall changes from baseline (for example, at 24 months: first semester, 17 

β=0.59, 95% CI=0.15 to 1.02, p<0.01; second semester, β=1.02, 95% CI=0.55 to 1.49, 18 

p<0.001). First semester %BMIp95 change was not associated with second semester change 19 

(β=-0.07, 95% CI=-0.21 to 0.07, p=0.32).  20 

Conclusions: Change at any point during intervention was predictive of overall weight 21 

outcomes. As early changes during intervention were not related to later changes during 22 

intervention, additional research is needed to understand patterns of weight changes throughout 23 

intervention to better understand long term outcomes.  24 
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INTRODUCTION 25 

The prevalence of obesity has reached epidemic proportions with 42.4% of American 26 

adults having obesity (1). Obesity prevalence increases by age (3.9% of two to five year-olds, 27 

18.4% of six to 11 year-olds, and 20.6% of 12 to 19 year-olds have obesity), and having obesity 28 

as a child greatly increases the likelihood that an individual will have obesity has an adult (2, 3). 29 

A primary goal of treatment during childhood is to prevent adult obesity and associated physical 30 

and psychological comorbidities. Addressing obesity before adulthood has multiple advantages 31 

because youth are still growing and developing. During childhood, physical activity and dietary 32 

behaviors are being established and growth in height can be used to bring weight and height to 33 

a healthy proportion (4). Rapid weight loss is not recommended for pediatric populations (5), 34 

and substantial improvement has been suggested to generally take six months to a year to 35 

achieve (6). As most pediatric interventions are shorter than a year, there is an inherent 36 

expectation that weight-related outcomes are maintained or continue to improve following active 37 

intervention. As such, the relationship between overall weight-related outcomes and weight-38 

related changes that occur early in intervention is important to understand among youth. 39 

Across adult (7-12) and pediatric (13-17) obesity interventions, BMI decreases early in 40 

intervention are consistently predictive of long term weight-related outcomes. This has important 41 

implications for treatment and resource allocation. Intensive lifestyle behavior intervention, the 42 

gold standard for obesity treatment, is effective on average, but has great heterogeneity in 43 

response (18). For example, almost 30% of participants in a standard outpatient pediatric 44 

obesity program were unresponsive to intervention after the first follow-up visit (~three months) 45 

(17). Intensive lifestyle intervention is also financially expensive (19, 20) and requires 46 

substantial effort from participants and caregivers (21). These issues make being able to predict 47 

participants who will be responsive to intervention important, particularly if this can be detected 48 

early on in treatment. Early identification of non-responders enables the tailoring of intervention 49 
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to potentially improve the proportion of intervention responders and overall efficacy of obesity 50 

treatments. 51 

Further understanding of early response is needed before it can be used as a tool to 52 

tailor interventions. For example, the time period used to define “early” weight loss has varied 53 

across studies and the optimal magnitude of early weight loss needed for clinically meaningful 54 

long term outcomes is unknown (8). While these two issues have been recognized, there 55 

remains another significant issue that has yet to be addressed. Little is known regarding the role 56 

of weight change that occurs later in the intervention (i.e. after the early intervention period) may 57 

play in long term outcomes. There is also a paucity of information regarding the relationship 58 

early weight changes may have with later weight changes during intervention. These are 59 

important considerations to understand before moving forward with emphasizing the importance 60 

of early response in the development of interventions. 61 

Most of what is known regarding the role of early weight loss comes from analyses that 62 

use the amount of weight loss that occurs early in intervention to predict the amount of overall 63 

weight loss. With this method, early weight loss is inherently correlated to overall weight loss 64 

because the early weight loss period is within the overall weight loss timeframe (see Figure 1 for 65 

a visual depiction). Weight regain is common following treatment (22). With this method of 66 

analysis, the relationship between early weight loss and overall response could be due to 67 

greater early weight loss providing a larger amount of weight to be regained while still remaining 68 

below baseline weight.  69 

Analysis of the Look AHEAD trial, a long-term, intensive behavioral lifestyle program for 70 

adults with type two diabetes, provides an important illustration of this possibility. Look AHEAD 71 

participants who experienced a ≥6% weight loss at two months from baseline were more likely 72 

to achieve a ≥5% weight loss at four and eight years from baseline than individuals who 73 

experienced an early weight loss of <6% (7). This study is particularly illustrative of the 74 

mathematical advantage of early weight loss when calculating longer-term change because the 75 
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early weight loss threshold examined (i.e., ≥6%) was greater than the threshold established as 76 

meaningful weight loss at follow-up (i.e., ≥5%) (7). Someone who lost ≥6% of body weight early 77 

in the intervention can regain weight and still have a 5% weight loss at follow-up; whereas, 78 

someone who lost <6% of body weight early on (e.g. lost 3% or 4%) may have to continue to 79 

lose weight to achieve a 5% weight loss at follow-up. This type of analysis is an important part 80 

of understanding predictors of overall weight outcomes, but it does not include a consideration 81 

of the role weight changes that occur later in intervention may play in overall weight outcomes. 82 

Given the consistent important role early weight loss has on overall weight outcomes it is also 83 

important to understand how early weight loss may be related to later weight loss in 84 

interventions. 85 

Understanding the relationship between early weight-related changes and later weight-86 

related changes is particularly important among pediatric populations. Generally, the longer an 87 

intervention or the more hours of contact time, the greater the improvement in BMI (6). 88 

However, a recent systematic review found no relationship between dose (duration or contact 89 

hours) and intervention effect size (23). This finding highlights a gap in knowledge regarding 90 

when reductions in weight-related outcomes occur during intervention. The first step to address 91 

this gap is to examine if early change is predictive of later change during the intervention period. 92 

Understanding the relationship between early change and later change will help identify who 93 

may most benefit from continued intervention. This is important given the limited resources 94 

available to address the growing prevalence of childhood obesity and the need to find effective 95 

interventions that reach many children.  96 

It is also important that analysis of early response extend to community-based 97 

intervention settings. Although many resources are devoted to childhood obesity interventions in 98 

schools, there is a paucity of research on how early changes in weight-related outcomes from 99 

school-based interventions relate to weight-related changes later in the intervention period or to 100 

long-term weight-related outcomes. In the school setting, an academic semester provides a 101 
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naturalistic timeframe to assess progress and roughly coincides with the three-month 102 

assessment timeframe recommended by the American Academy of Pediatrics (AAP) (5). This 103 

study was designed to address these gaps regarding how the timing of weight-related changes 104 

during intervention (early and later changes) may be related to overall outcomes. This study 105 

also examined the relationship between early weight-related changes and later weight-related 106 

changes. Based on prior literature regarding the importance of early response (7-17, 24), it was 107 

hypothesized that early changes would be predictive of later change in intervention and overall 108 

change from baseline, but that weight changes occurring later in intervention would not be 109 

indicative of overall long-term changes.  110 

METHODS 111 

Participants & Intervention 112 

This is a secondary analysis of a series of randomized control trials evaluating an 113 

intensive lifestyle intervention among Hispanic-American middle school students (25-28). 114 

Participants were recruited from a public charter school in Houston, Texas where the 115 

intervention took place. To be included in the analysis, participants had to have received the 116 

intensive lifestyle intervention, have a BMI percentile ≥ 85 at baseline, and have complete 117 

anthropometric data at all timepoints. This resulted in an analytic sample of 174. Specifically, 118 

247 participants with a baseline BMI percentile ≥ 85 received the intensive lifestyle intervention; 119 

234 had complete anthropometric data through three months; 220 had complete anthropometric 120 

data through six months, 209 had complete anthropometric data through one year; and 174 had 121 

complete anthropometric data through two years. 122 

The details of the intervention have been extensively published elsewhere (25-29). 123 

Briefly, the intervention consisted of one day of nutrition and four days of physical activity during 124 

participants’ physical education class. Intervention curricula was designed to be culturally 125 

relevant. Nutrition topics included, but were not limited to, a food classification system, portion 126 

sizes, eating at restaurants, satiety, and meal planning. Physical activity sessions were circuit-127 
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based. Students were taught to use a heart rate monitor to regulate their intensity/exertion. They 128 

were encouraged to stay within an intensity ranging from 65%-80% of their individual maximum 129 

heart rate. Behavioral techniques such as goal setting, self-monitoring, a token economy 130 

system, and modeling were used throughout the intervention. Parental involvement was 131 

encouraged throughout the intervention through parent sessions and homework assignments, 132 

and trained undergraduate students did physical activity lessons with participants. 133 

Measures 134 

Height and weight were directly measured at each time point. Height and weight were 135 

measured by trained research staff to the nearest 0.1 centimeter and kilogram respectively. 136 

Participants wore minimal clothing without shoes. BMI, BMI percentile, standardized BMI, and 137 

BMI expressed as a percentage of the 95th percentile (%BMIp95) were calculated according to 138 

the Centers for Disease Control and Prevention guidelines (30, 31). Due to limitations of 139 

standardized BMI for children over the 97th BMI percentile, the current recommendation for 140 

assessing longitudinal change is to use BMI relative to the 95th percentile (i.e. %BMIp95) (31). 141 

Over 46% of the sample had a baseline BMI percentile ≥ 97%ile, justifying the use of %BMIp95 142 

to assess change in weight-related outcomes. The %BMIp95 is calculated as: (the participant’s 143 

BMI X 100) / the BMI associated with the 95th percentile for the participant’s sex and age). 144 

 For the purposes of this study, early change was defined as the change in %BMIp95 145 

during the first three months of intervention (i.e., roughly the first academic semester; %BMIp95 146 

at three months minus %BMIp95 at baseline). Later change during intervention was defined as 147 

change in %BMIp95 during months three through six of intervention (i.e., the second academic 148 

semester, %BMIp95 at six months minus %BMIp95 at three months). Later long-term change 149 

was defined as %BMIp95 at 12 months minus %BMIp95 at three months and %BMIp95 at 24 150 

months minus %BMIp95 at three months. Overall changes were changes from baseline. 151 

Specifically, overall change was defined as the change in %BMIp95 from baseline at six, 12, or 152 
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24 months (i.e., %BMIp95 at six months minus %BMIp95 at baseline, %BMIp95 at 12 months 153 

minus %BMIp95 at baseline, and %BMIp95 at 24 months minus %BMIp95 at baseline).  154 

Statistical Analysis 155 

Statistical analyses were performed using SPSS (version 26.0; SPSS Inc., Chicago, IL). 156 

T-tests and chi-square were conducted to evaluate differences in demographic and157 

anthropometric characteristics between participants who remained in the study and those who 158 

dropped out prior to the end of the 24-month assessment. In all analyses, the study in which 159 

individuals participated were used as a covariate (i.e., fixed effects to account for heterogeneity 160 

among studies).  161 

A total of nine separate linear regression models were developed. Six of these models 162 

were used to investigate the first goal of the study which was to examine the role weight-related 163 

changes early (first semester) and later during intervention (second semester) may play in 164 

overall outcomes of the intervention. While there is consistent evidence on the importance of 165 

early response (7-17), it is also important to understand how later changes during an 166 

intervention may impact overall changes. Due to metabolic adaptation, weight-related changes 167 

are expected to slow over time (32). However, sustained behavior changes through the 168 

intervention period would theoretically result in continued weight-related improvement later in 169 

the intervention, albeit at a slower rate of change than early in the intervention. Understanding 170 

how changes that occur during this later intervention period may relate to overall outcomes is 171 

important to increase the understanding of long-term changes. To examine this statistically, 172 

three separate linear regression models were developed to investigate the potential relationship 173 

between early weight-related changes and overall outcomes. Specifically, overall changes (i.e. 174 

%BMIp95 change at six, 12, and 24 months from baseline) were regressed onto change that 175 

occurred early in the intervention (i.e. %BMIp95 change in the first semester of intervention). 176 

The same model development was conducted to examine the relationship between weight-177 

related changes that occurred later in intervention and overall outcomes. Specifically, overall 178 
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changes (i.e. %BMIp95 change at six, 12, and 24 months from baseline) were regressed onto 179 

change that occurred later in the intervention (i.e. %BMIp95 change in the second semester of 180 

intervention).  181 

The second aim of this study was to better understand how early changes in weight may 182 

be related to later changes. Although weight-related changes may slow during the later portion 183 

of intervention, it is possible that these changes are impacted by the degree of change made 184 

initially. It is important when designing adaptive interventions to understand how weight changes 185 

early in intervention are related to later changes to better understand what happens to weight 186 

outcomes with continued intervention. To examine this statistically, three additional separate 187 

linear regression models were developed to investigate the potential relationship between 188 

weight-related changes that occurred early in the intervention and changes that occurred later. 189 

Specifically, later changes (i.e. %BMIp95 change at six, 12, and 24 months from three months) 190 

were regressed onto change that occurred early in the intervention (i.e. %BMIp95 change in 191 

semester one).  192 

RESULTS 193 

Table 1 provides baseline descriptive characteristics of the sample. Baseline 194 

demographic and anthropometric characteristics did not differ between those who completed 195 

the two-year follow-up assessment and those who did not. 196 

197 

Relationship between early change and later change during intervention and overall outcomes 198 

Early changes were positively associated with overall outcomes at all time points. 199 

Specifically, change in %BMIp95 during the first semester was positively associated with overall 200 

change in %BMIp95 from baseline to the end of intervention, to 12 months, and 24 months 201 

(respectively, β=0.93, 95% CI=0.79 to 1.07, p<0.001, partial R2=0.47; β=0.81, 95% CI=0.56 to 202 

1.07, p<0.001, partial R2=0.19; β=0.59, 95% CI=0.15 to 1.02, p<0.01, partial R2=0.04).  Figure 2 203 
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illustrates the comparison between early change predicting overall change from baseline versus 204 

early change predicting later change within the six-month intervention period. 205 

Later change in intervention was also positively associated with overall outcomes at all 206 

time points. Specifically, change in %BMIp95 during the second semester of intervention was 207 

positively associated with overall change in %BMIp95 from baseline to the end of intervention, 208 

to 12 months, and 24 months (respectively, β=0.92, 95% CI=0.75 to 1.08, p<0.001, partial 209 

R2=0.37; β=0.82, 95% CI=0.54 to 1.11, p<0.001, partial R2=0.16; β=1.02, 95% CI=0.55 to 1.49, 210 

p<0.001, partial R2=0.10). 211 

212 

Post hoc: Hierarchical regression models 213 

Based on the results that both early and later changes during intervention were 214 

positively associated with overall outcomes, separate hierarchical regression models were 215 

developed to understand the independent contribution of early and later response on overall 216 

outcomes. Specifically, overall changes (i.e. %BMIp95 change at 12 and 24 months from 217 

baseline) were regressed onto both change that occurred early in the intervention and later in 218 

the intervention (i.e. %BMIp95 change in the first and second semesters of intervention). The 219 

results of the full models are shown in Table 2. Early change explained 22.2% and later change 220 

explained 19.0% of the variance at 12 months. At 24 months, early change explained 4.9% and 221 

later change explained 10.7% of the variance. 222 

223 

Relationship between early change and later change during and following intervention 224 

There was no significant relationship between early change and subsequent change. 225 

Specifically, %BMIp95 change in the first semester was not related to %BMIp95 change in the 226 

second semester (β=-0.07, 95% CI=-0.21 to 0.07, p=0.32, partial R2=0.01). See Figure 2 for a 227 

visual illustration. Models examining later long-term changes (i.e. %BMIp95 change from three 228 
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to 12 months and from three to 24 months) were not statistically significant (F(4, 169)=1.14, 229 

p=0.34, total R2=0.03 and F(4, 169)=2.20, p=0.07, total R2=0.05 respectively). 230 

231 

DISCUSSION 232 

The results of this secondary data analysis illustrate the importance of early and later 233 

response to school-based obesity intervention. The outcomes of this school-based intervention 234 

replicate findings from clinic-based interventions in which early response was predictive of long-235 

term changes from baseline (13-17). This study adds to the literature by finding that later 236 

change in intervention is also predictive of long-term changes from baseline, and that this later 237 

change period has a stronger association with outcomes at the longest follow-up than the early 238 

response period. Additionally, early %BMIp95 reduction in the first academic semester of 239 

intervention was not related to %BMIp95 change later during the intervention or post-240 

intervention. Taken together, these analyses indicate that overall long-term improvements in 241 

%BMIp95 were positively associated with changes during intervention—both early on and later 242 

in intervention—but that early change had no relationship to subsequent change. 243 

The majority of BMI improvement in this study occurred in the early intervention period 244 

(Figure 2). This is consistent with adult energetics literature in which weight loss trajectories 245 

consistently include an initial decline in weight followed by a plateau and then gradual regain 246 

(33). Physiologically, it is difficult to sustain continued weight loss. However, with the ability to 247 

still grow in height, it is possible that pediatric populations could sustain decreases in BMI longer 248 

than adults. For example, reductions in %BMIp95 continued to be sustained for two years on 249 

average among individuals in the present study. 250 

Middle school years may be an important time for intervention to have sustained BMI 251 

improvements. Weight loss plateaus among adults in which behaviors are sustained but the 252 

magnitude of weight loss declines over time can be physiologically and psychologically 253 

challenging for individuals to preserve through. Weight loss plateaus have been associated with 254 
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a decrease in resting metabolic rate, increased hunger, increased desire to eat, and increased 255 

depressive symptomology (34). As the rate of weight loss decreases, the positive reinforcement 256 

of seeing weight declines for sustained behavior change diminishes (33). This may be different 257 

among pediatric populations because a plateau in weight loss can coincide with a continued 258 

decrease in BMI (or standardized BMI, %BMIp95, etc) as the child continues to grow in height. 259 

Among the middle school students in this study, the change in the later portion of the 260 

intervention explained over double the variance in outcomes at two years than change early in 261 

intervention. This indicates that changes in the second semester were most predictive of long-262 

term changes. Although smaller than decreases seen early in intervention, improvements later 263 

in intervention likely signal sustained behavior changes. As there was no relationship between 264 

early change and later change in the intervention, it is likely that there are multiple patterns of 265 

change following the early intervention period. For example, as seen in Figure 2, some 266 

individuals continued to decrease %BMIp95 in the first semester and some began to regain. 267 

Additionally, there does not appear to be a clear pattern between change in the second 268 

semester and the magnitude of decrease in the first semester.  269 

The results of this study are inconsistent with a prior clinically-based study among non-270 

Hispanic White adolescents (an average of 2.49 years older than youth in the present study) in 271 

which absolute weight change in the first four weeks of intervention was positively associated 272 

with absolute weight change from week five to the end of the intervention at 16 weeks (24). In 273 

addition to a different measurement metric (i.e. weight not %BMIp95) and demographic 274 

differences, intervention setting may explain the disparate results. Clinic-based interventions are 275 

often composed of only individuals with overweight and obesity classifications; whereas, many 276 

school-based interventions include individuals of all weight classifications. This could impact the 277 

peer-support component of group intervention and impact adherence. Secondly, clinic-based 278 

interventions are among treatment seeking individuals. Participants with overweight and obesity 279 

classification in school-based intervention are often not treatment seeking. This could have 280 
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important implications on perceived susceptibility and motivations to continue behavior changes 281 

past the first school semester.  282 

Interpretation of study findings should be considered in light of this study’s strengths and 283 

limitations. This study adds to the small body of pediatric literature on early response to obesity 284 

intervention and is one of the first studies to examine early response in a community-based 285 

setting. Although Hispanic middle school students represent a high-risk population and are 286 

important to study, the homogenous study sample may not be generalizable to other pediatric 287 

populations. The use of %BMIp95 to assess weight-related changes is a strength of this study 288 

as this metric is more responsive to change among children with severe obesity. Despite many 289 

school-based interventions being described as preventative in nature, the rising prevalence of 290 

severe obesity inherently means that school-based intervention activities are likely to include 291 

children with severe obesity (35). It is important to use a measure that accurately assesses the 292 

impact of intervention among this population in both clinical and community settings. In the 293 

current sample, 25.9% of students had severe obesity. 294 

This study illustrated that early response is important because the majority of 295 

improvement in weight-related outcomes occurred in the early intervention period. However, 296 

response during the second part of intervention was more indicative of overall outcomes at two 297 

years than early response. These results highlight the need for further examination of the later 298 

period of intervention, especially among pediatric populations. Assessment of weight-related 299 

outcomes early in intervention may help prevent youth from continuing an intervention that is 300 

unlikely to be beneficial to them. Among adults, greater prior weight loss attempts are 301 

associated with unfavorable intervention results (36). Encouraging youth to continue an 302 

intervention that they are unlikely to benefit from may have a negative impact on future weight 303 

loss attempts. Conversely, those who are responsive initially do not always remain responsive. 304 

Reinforcement of sustained behavior changes throughout intervention and afterwards may be 305 

particularly important as reinforcements from seeing weight-related changes diminish over time 306 
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(33). These results indicate the importance of continual monitoring of weight-related changes 307 

throughout school-based interventions. This can inform in-time adaptations to intervention to 308 

improve the overall efficacy of obesity treatment.  309 

310 
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FIGURE LEGENDS 420 

421 

Figure 1. Timeline of early, later, and overall weight loss 422 

423 

Figure 2. Individual variation in %BMIp95 change organized in ascending order of initial three-424 

month %BMIp95 change to enable visual comparison of the relationships between initial and 425 

later %BMIp95 change (three to six months; Figure 2A) and between initial and overall 426 

%BMIp95 change (baseline to six months; Figure 2B) 427 

428 
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Characteristic Mean (SD) or n [%]
Age (yr) 12.01 (0.58)
Sex

Male 91 [52.30]
Female 83 [47.70]

Height (cm) 151.33 (7.89)
Weight (kg) 61.99 (14.12)
BMI 26.87 (4.58)
BMI percentile 94.80 (4.62)
zBMI 1.80 (0.47)
Weight classification

Overweight
(%BMIp95 <100)

63 [36.20]

Moderate Obesity
(%BMIp95 ≥100 and <120)

66 [37.90]

Severe Obesity
(%BMIp95 ≥ 120)

45 [25.90]

Table 1. Baseline descriptive and anthropometric characteristics, 
N=174
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FIGURE 2. 
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Unstandardized Beta
(95% CI)

Intervention 
Study

Study 1 27 -0.13 -1.85 (-3.78 to 0.08) -0.05 -1.25 (-4.87 to 2.38)
Study 2 26 -0.07 -0.99 (-2.81 to 0.93) -0.18 -4.06 (-7.56 to -

0 55)*
Study 3 24 0 -0.01 (-2.38 to 2.37) -0.06 1.91 (-2.55 to 6.37)
Study 4 25 Reference Reference Reference Reference

Early change B 0.47 0.88 (0.66 to 1.10)*** 0.22 0.66 (0.25 to 1.07)**
Later change C 0.48 0.90 (0.66 to 1.14)*** 0.36 1.08 (0.62 to 1.54)***
A Outcomes were assessed by change in BMI represented as a percentage of the 95th

BMI percentile (%BMIp95) from baseline
B Early change was defined as change in %BMIp95 from baseline to three months, 
i.e., the first school semester of intervention
C Later change was defined as change in %BMIp95 from three months to six months,
i.e., the second school semester of intervention
*, **, *** statistically significant at p <0.05, <0.01, or <0.001 respectively

Table 2. Regression results comparing the impact of early and later changes during 
intervention on overall outcomes at one and two years

12-Month Outcomes A 24-Month Outcomes A

Standardize
d Beta

Standardize
d Beta

Unstandardized Beta 
(95% CI)
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Abstract: The prevention and 
treatment of lifestyle disease involves 
overlapping factors. Those at the 
highest risk for the development of 
lifestyle disease are also at the highest 
risk for poor treatment outcomes. 
Although behavioral treatment of 
lifestyle disease has demonstrated 
efficacy on average, considerable 
individual variation exists in 
treatment response. In clinical settings, 
individuals unresponsive to treatment 
are typically provided escalated care. 
Community-based care is designed to 
reach high-risk populations unlikely 
to seek medical care. However, in 
community settings escalated treatment 
options are not usually available for 
individuals unresponsive to treatment. 
Addressing this gap is imperative to 
improve health outcomes of high-risk 
populations and to identify individuals 
who may be resistant to behavioral 
lifestyle treatment.

Keywords: response; behavioral 
treatment; individual; resistance; 
community-based

A foundational benefit of using the 
scientific method in medicine is 
having security that a particular 

treatment is better than doing nothing at 
all (control) or is better than usual 
treatment. Studies assess both benefits 
and risks of treatment so that patients 
and clinicians can make informed 
treatment decisions.1 While risks are 
typically low in behavioral intervention, 
it is critical that treatment efficacy be 
evaluated. The first step in determining 
treatment efficacy is to understand if the 
intervention “works” on average among a 
particular population. Interventions are 

continually adapted and tested to 
determine if additional benefits and/or 
reduced risk can be achieved through 
slightly different treatment methods or if 
the intervention is effective among a 
different population. As discussed by 

Schuette and colleagues,2 this process 
has resulted in numerous effective 
behavioral interventions for lifestyle 
medicine, as well as the identification of 
effective intervention components.

A related line of research has begun to 
test individual response to an 
intervention. Specifically, studies have 
started to identify and predict individuals 
who respond to intervention.3,4 These 
studies acknowledge the great individual 
variation in treatment response.5 

Although randomized controlled trials 
evaluating the efficacy of interventions 
are the “gold standard,” it is up to 
clinicians to decide if those results will 
be generalizable to the individual patient 
they are treating.6 Identifying individuals 

Identifying and Addressing 
Individuals Resistant to Behavioral 

Lifestyle Treatment

Identifying individuals who are 
responsive to interventions is 
important because it allows 

intervention resources to be directed 
to those who are most likely to 
benefit from the intervention.
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who are responsive to interventions is 
important because it allows intervention 
resources to be directed to those who 
are most likely to benefit from the 
intervention. While this is clearly an 
imperative area of research, there is a 
paucity of attention on identifying 
individuals on the other end of the 
spectrum: those who do not respond to 
intervention.

Although primarily unaddressed, 
variation in treatment response is widely 
acknowledged.7 Variability in response 
has been a fundamental principle in 
behavioral science for a long time. The 
father of behaviorism, B. F. Skinner, 
stated, “A prediction of what the average 
individual will do is often of little or no 
value in dealing with a particular 
individual.”8 This is also recognized in 
best practice guidelines for conducting 
randomized controlled trials. CONSORT 
guidelines for randomized controlled 
trials require researchers to account for 
attrition because it is suspected that 
those who do not complete studies are 
likely to have a differing response than 
completers (ie, the intervention may have 
only been better than control on average 
because a lot of individuals for whom it 
did not work dropped out).9 While this is 
accounted for through the development 
of intention-to-treat models, the 
treatment needs of those lost to 
follow-up are rarely addressed. 
Individuals who are lost to follow-up are 
one example of a group likely to be 
unresponsive to treatment.10,11 Identifying 
and treating individuals unresponsive to 
treatment is important because an 
inequity exists in treatment response and 
those unresponsive to care may stop 
seeking treatment.12-14 For these reasons, 
it is critical to attend to those who are 
unresponsive to interventions.

Response Inequity

Inequity is pervasive in health care and 
is a key priority in the national health 
agenda.15 The World Health Organization 
defines social determinants of health as 
“the conditions in which people are 
born, grow, live, work, and age.”16 Given 
this, social determinants of health are 

typically viewed as the factors that lead 
to disease. However, it is important to 
understand that social determinants of 
health are the factors that lead to 
inequitable distribution of disease, which 
encompasses both prevention and 
treatment. This creates great disparity in 
chronic disease because the factors that 
contribute to an individual developing 
the disease are the same factors that may 
lead individuals to be unresponsive to 
treatment. Racial/ethnic minority groups 
of low socioeconomic status do not carry 
a disproportionate share of the disease 
burden solely because they are at higher 
risk for developing disease or because 
they have inadequate access to medical 
care.17,18 This population also has a 
higher prevalence of disease because 
they experience inferior treatment 
outcomes.12-14 For this reason, health 
inequities cannot be fully addressed 
without identifying and treating those 
who are unresponsive to behavioral 
treatment.

The Issue of 
Nonresponse

Reasons for being unresponsive to 
treatment are not well understood, and it 
is likely that reasons interact and 
accumulate. For example, compared with 
those who initially respond, individuals 
nonresponsive to behavioral treatment 
may have more challenging barriers to 
overcome, have greater genetic 
susceptibility, have more severe 
conditions, or have competing life 
circumstances that prohibit a focus on 
health. In obesity treatment, the primary 
predictor of long-term outcomes is initial 
weight loss.11,19,20 Although the 
mechanism behind this observation is 
not fully known, it is likely that early 
weight loss provides positive 
reinforcement of the behavior changes 
made by an individual. Those who make 
behavioral changes but do not lose 
weight initially are not reinforced to 
continue their efforts and may feel as if 
they have failed.7 A greater number of 
failed weight loss attempts in the past is 
associated with lower weight loss in the 
current intervention.11 It is critical that 

providers reinforce behavioral changes 
rather than health outcomes to help 
mitigate this sense of “failure” and to 
prevent patients from quitting behavioral 
change attempts.7,21 For these reasons, 
clinicians should identify individuals 
unresponsive to treatment as early as 
possible.

Behavioral intervention is the 
foundation for all lifestyle medicine, both 
prevention and treatment.22 Past failed 
weight loss attempts predict current 
weight loss response possibly because 
past and current treatments do not 
substantially differ. The same key 
messages are provided across lifestyle 
medicine: move more, sit less, eat more 
vegetables, eat less junk food, reduce 
screen time, and sleep more. Individuals 
who previously did not have improved 
outcomes from attempting to follow such 
advice are likely to also be unsuccessful 
a second time unless treatment is 
escalated. This is acknowledged by the 
staged clinical treatment guidelines for 
many lifestyle diseases.23,24 However, far 
too often, especially in community-based 
settings, individuals unresponsive to 
treatment are simply advised to try again 
with the same treatment.7 Providing 
interventions that are not likely to be 
effective for an individual can simply “set 
one up for failure,” which has future 
treatment implications.

Addressing Those 
Unresponsive to 
Treatment

Defining nonresponse depends on the 
particular lifestyle disease, the age, and 
the gender of the individual. Once 
identified, the primary question becomes 
how to help those unresponsive to 
treatment. First, stop advising the same 
treatment to which the individual was 
unresponsive and provide escalated care. 
One of the primary goals of community-
based treatment options is to make 
health care more accessible. Community-
based care recognizes that individuals 
with many barriers require more help 
from health care providers. However, a 
lack of escalated treatment options in the 
community setting for such high-risk 
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individuals is a critical oversight. The 
provision of greater access to health care 
is important, but not sufficient to reduce 
disparities in treatment outcomes. 
Providing equitable care also includes 
providing escalated care to those initially 
unresponsive to treatment.

The same mechanisms for escalating 
care used in a clinical setting—increased 
dose, structure, support, and the addition 
of adjunct therapies—can be applied to 
community settings. Most often care is 
escalated through increased structure. 
Specifically, recommendations are 
tailored to create a specific plan for 
individual patients. However, treatment 
can also be escalated by increasing the 
frequency and intensity of treatment or 
by including additional members in the 
medical care team. Last, escalated care 
may also include identifying and 
addressing barriers to patient adherence. 
These types of escalated behavioral care 
can continue indefinitely.23 However, at 
some point, behavioral treatment 
escalation becomes incredibly resource 
intensive and may become infeasible on 
a broad scale. At this point, individuals 
may be seen as resistant to behavioral 
treatment.

Resistance to Behavioral 
Lifestyle Treatment

The idea of resistance is common in 
clinical treatment modalities. Patients are 
often referred to as being resistant to 
medications25 or antibiotics.26 The 
development of resistance or tolerance 
occurs in the treatment of multiple 
infections (ie, viral, parasitic, fungal, 
bacterial).27 Although bariatric surgery 
results in weight loss and metabolic 
improvements for most patients, many 
individuals do not experience health 
improvements following bariatric 
surgery.28 These patients are considered 
resistant to treatment. Compared with 
antibiotic resistance, however, the 
mechanisms of treatment resistance for 
lifestyle disease are less understood. With 
bariatric surgery, predictors of resistance 
include a person’s age, sex, race/
ethnicity, level of inflammation, and 
insulin resistance.28 A clear distinction 

between resistance to lifestyle disease 
treatment compared with infectious 
disease is that the characteristics that 
predict lifestyle disease resistance are 
present prior to the individual being 
treated, whereas infections become 
resistant to treatment following exposure 
to a treatment. A better understanding of 
characteristics of lifestyle disease 
resistance could enable interventions to 
be tailored to increase the likelihood of 
response.

While resistance is used to describe 
clinical treatment, it is not frequently 
discussed in terms of behavioral 
treatment of lifestyle disease. This is a 
critical oversight given the necessity of 
behavioral treatment in the treatment 
and management of lifestyle diseases. 
Tertiary care interventions have superior 
outcomes when provided alongside 
behavioral treatment.20,29,30 Patient 
outcomes would likely improve if 
patients’ resistance to behavioral 
treatment could be predicted early in 
treatment. Individuals nonresponsive to 
early stages of behavioral treatment may 
represent a group that would be 
candidates for early initiation of adjunct 
care such as pharmaceutical 
intervention. Such assistance may help 
patients have early outcome 
improvements, promoting sustained 
behavioral change attempts and 
improved long-term outcomes.

In our estimation, treatment resistance 
extends past the issue of nonadherence. 
Some behavioral treatments may be 
implausible or unrealistic for an 
individual to follow. For example, 
advising a single mother who works 3 
jobs, lives pay check to pay check, and 
resides in a neighborhood without 
sidewalks and with high crime rates to 
squeeze in an exercise routine in the 
morning may not be prudent. The effort 
on the part of the mother to wake up 
early in the morning and do a short 
workout in her apartment (quietly to not 
wake her children) is likely to outweigh 
the benefit from doing the workout. 
Furthermore, short-term health outcome 
benefits may not be seen from her 
monumental efforts, which will decrease 
the likelihood of her sustaining the 

behavior change. Encouraging this 
woman to find a time in the morning to 
exercise is an example of a bad 
recommendation because it does not 
consider her circumstances. Given her 
situation, it is unrealistic to expect her to 
adhere to incorporating a morning 
exercise routine into her day. However, 
what if the same number of barriers 
existed for almost all lifestyle 
recommendations she was given? What if 
she was also genetically at a greater risk 
for the disease? In these instances, her 
inability to adhere to recommendations 
is not a typical case of nonadherence. 
The interaction and accumulation of 
barriers creates a situation in which one 
is resistant to behavioral treatment of 
lifestyle disease.

Too often individuals are “blamed” for 
being nonadherent to recommendations 
when they are nonresponsive to 
treatment. The thought process is that “It 
can’t be the treatment or the 
recommendation’s fault that the 
individual didn’t respond because this is 
the gold standard recommendation.” 
Clinicians might assume that the 
individual was not trying hard enough to 
follow the recommendation, and neglect 
to remember that no individual is the 
average person from which the gold 
standard recommendation was based. 
Instead of blaming the individual, it is 
crucial that we try to gain a better 
understanding for the circumstances 
under which individuals are trying to 
adhere to recommendations. We also 
need to acknowledge that, at some point, 
the escalated amount of tailoring 
required for behavioral treatment alone 
to result in meaningful health 
improvements becomes an unrealistic 
treatment plan. In other words, it is 
critical that we address the idea that 
some individuals may be resistant to 
behavioral lifestyle treatment.

Conclusion

The treatment of lifestyle disease 
inherently involves many of the same 
factors that contributed to disease onset. 
This observation illustrates the 
importance of behavioral treatment and 
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offers a perspective to understand how 
treatment response is not equitable. 
Behavioral treatment of lifestyle disease 
is personal. Treatment requires changing 
one’s behaviors each day to be more in 
line with treatment goals. Response or 
resistance to a clinical modality is not as 
personal because the outcomes of a 
medication or surgery is not entirely 
dependent on an individual’s behaviors. 
Especially in a society that values 
individualism, such as in the United 
States, being repeatedly unresponsive to 
behavioral treatment can be 
demoralizing and individuals are likely 
to stop treatment.11 For obesity 
treatment in particular, being 
unresponsive to behavioral treatment 
may lead to the internalization of social 
stigmas such as laziness or a lack of 
will-power, which is associated with 
worsening health behaviors and weight 
outcomes.31-33 Some of the patient 
shame or guilt often associated with 
being unresponsive to behavioral 
treatment may be avoided by applying 
the idea of resistance to the behavioral 
treatment of lifestyle diseases. 
Resistance to behavioral treatment, 
however, cannot be fully assessed 
without escalated community-based 
treatment options. Thus, community-
based escalated treatment options are 
needed to both improve health 
outcomes among those initially 
unresponsive to treatment and to 
explore the idea of resistance to 
behavioral treatment for lifestyle 
disease.
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Abstract 

Objective: Individual response to obesity intervention is widely acknowledged, yet infrequently 

addressed. This study takes a first step to address individual variation by determining characteristics that 

distinguish individuals who are unresponsive from those who are responsive.  

Methods: Classification Regression Tree (CRT) analysis grouped 185 low income, Hispanic-American 

middle school students who received a school-based obesity intervention. Predictors included baseline 

age, gender, standardized BMI, health-related quality of life (PedsQL), minutes of moderate-vigorous 

physical activity (MVPA; accelerometry), energy consumption, and dietary quality (Block Kids 2004 Food 

Frequency Questionnaire). Response to the intervention was defined according to American Academy of 

Pediatrics (AAP) guidelines. Six trees were produced, one for three- and one for six-month outcomes 

among all participants, participants with healthy weight status at baseline, and participants with 

overweight status or obesity at baseline. 

Results: AAP criteria for response was met by 57.3% and 35.1% of participants at three and six months 

respectively. CRT produced six unique trees. Notably, minutes of MVPA appeared twice (the first time at 

the top of the tree) in most three-month models. Additionally, response at three months consistently 

appeared as the first variable in all the six-month models.  

Conclusions: Overall, the number of distinct pathways and the repeated appearance of the same 

variable within a pathway illustrates the complex, interactive nature of factors predicting intervention 

response. Initially unresponsive individuals were unlikely to respond later in the intervention. More 

complex modeling is needed to better understand how to best predict who will be responsive to 

interventions.   

Keywords: Classification Regression Tree Analysis, Hispanic, adolescent, individual variation, 

school-based 
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Childhood obesity is one of the greatest public health challenges in the United States and across 

the globe. Considerable progress has been made in childhood obesity treatment by comparing 

characteristics of interventions that have superior weight outcomes compared to control than those 

that do not have better outcomes. Interventions with the greatest improvements in outcomes are 

grounded in theory and generally include nutrition, physical activity, behavioral modification, and 

parental involvement components (Altman & Wilfley, 2015). However, there is no one-size-fits-all 

intervention (Ickes, McMullen, Haider, & Sharma, 2014). For example, response to interventions have 

been shown to differ by race or ethnic group, suggesting the need for cultural tailoring (Holub et al., 

2014). Behavioral treatment of obesity is challenging because the same social determinants of obesity 

(e.g. access to healthcare, housing stability, education level, access to healthy foods, access to safe 

space for physical activity, etc) also often act as difficult barriers during treatment. These challenges in 

prevention and treatment result in ethnic minority adolescents carrying a disproportionate share of the 

obesity burden (Ogden et al., 2016). Importantly, culturally and economically sensitive interventions 

that specifically target homogenous populations have demonstrated improved weight outcomes for this 

high risk group (Holub, et al., 2014). 

In a broader sense, cultural tailoring is an example of a general trend in healthcare towards 

precision medicine, which uses information about an individual’s genes, enviornment, and lifestyle 

behaviors to inform how an individual can be best treated (Kelly, Marcus, Yanovski, Yanovski, & 

Osganian, 2018). Individual variation in response is well recognized, but is only beginning to be 

addressed (Kelly, et al., 2018). Addressing individual variation requires a shift in focus from average 

changes compared to control towards individual outcomes of an intervention. Understanding which 

characteristics separate individuals who are responsive to an intervention from individuals who are 

unresponsive enables treatment to be offered to those who are most likely to respond and help 
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resources be prioritized appropriately. Possibly of greater importance, this also enables the 

identification of individuals unresponsive to intervention. In a clinical setting where treatment is 

administered at the individual level, treatment is modified or escalated when an individual does not 

show signs of response (Barlow, 2007). In a school-based intervention where the intervention is 

administered on a class or school level, those who are unresponsive are often overlooked. Identifying 

individuals who are unresponsive to school-based or other public health interventions and modifying 

interventions may improve the overall effect of obesity interventions, especially among high-risk 

populations among which treatment response to existing interventions is less likely. Identifying non-

responders to intervention and understanding characteristics that distinguish response from non-

response is the first step to developing interventions to address non-responders.  

The majority of research on characteristics predictive of response comes from clinically-based 

obesity interventions, primarily among samples of middle-upper class, non-Hispanic White families. 

Initial response is one of the most consistent predictors of response at a later time point (Goldschmidt 

et al., 2011; Gow et al., 2016; Jelalian et al., 2008; Reinehr, Kleber, Lass, & Toschke, 2010). Demographic 

and anthropometric characteristics are most often studied and provide the most consistent evidence. 

For example, younger (i.e. elementary school age) youth (de Niet et al., 2011; Gow, et al., 2016; Pott, 

Albayrak, Hebebrand, & Pauli-Pott, 2009; Reinehr, et al., 2010; Sabin et al., 2007; Wiegand et al., 2014) 

and those with a lower pre-treatment BMI (i.e. overweight vs. obesity) often have superior short-term 

weight-related outcomes (e.g. BMI, zBMI, BMI percentile) (Baxter, Ware, Batch, & Truby, 2013; de Niet, 

et al., 2011; Jelalian, et al., 2008; Johnston et al., 2011). It is typical for boys and girls to respond 

differently to the same intervention, although the sex that is more likely to respond well varies across 

interventions (Brown & Summerbell, 2009; Kropski, Keckley, & Jensen, 2008).  

Quality of life is an important outcome for obesity treatment (Fullerton et al., 2007). However, 

few studies have examined the role of quality of life as a predictor of intervention response, with some 
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suggesting that pre-treatment quality of life may predict intervention outcomes and others finding no 

relationship (Harcourt et al., 2019; Incledon, Gerner, Hay, Brennan, & Wake, 2013). Related, 

improvements in quality of life have been shown to weakly predict improvements in weight outcomes 

(Incledon, et al., 2013), and health-related quality of life has been shown to mediate the relationship 

between sports participation and adiposity (Vella, Gardner, Kemp, & Swann, 2018). These studies 

provide preliminary evidence that quality of life is likely not only an intervention outcome of interest but 

may contribute to intervention response.  

The small body of literature regarding baseline behavioral predictors of response (i.e. weight-

based outcomes from intervention) is mixed. Some weight management interventions found no 

association between baseline dietary consumption and treatment response (Field et al., 2004; Reinehr, 

Brylak, Alexy, Kersting, & Andler, 2003); whereas others found only specific dietary components to be 

related to intervention response. For example, one adolescent weight management intervention found 

greater pretreatment consumption of vegetables to predict greater reduction in BMI at 16 weeks (Hart 

et al., 2010). Although a common recommendation for pediatric weight management, the contribution 

of specific food groups such as fruits and vegetables is unclear and likely depends on total energy 

consumption. For instance, in a longitudinal study among adolescents higher vegetable consumption 

was no longer a predictor of greater BMI reduction when controlling for energy consumption (Field, 

Gillman, Rosner, Rockett, & Colditz, 2003). Conversely, once energy consumption was included in the 

model, fruit consumption became inversely related to BMI change (Field, et al., 2003). While the 

relationship between pretreatment dietary consumption and weight outcomes is uncertain, it is clear 

that both dietary quality and total energy consumption warrant consideration.  

Evidence regarding pretreatment physical activity and weight-based outcomes of intervention 

are also mixed. Some studies have found lower levels of baseline moderate to vigorous physical activity 

and higher levels of sedentary time to be associated with improved weight outcomes (Gow, et al., 2016). 
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Others have found the opposite (Reinehr, et al., 2003), and still others have found no relationship 

between baseline physical activity and weight-based outcomes (Baxter, et al., 2013). Inconsistent results 

such as these may be due to varying methods and poor reliability for assessing both diet and physical 

activity among varying study populations, but they may also indicate a more complex relationship in 

which predictors of response vary under different circumstances or may have nonlinear relationships.  

A prior school-based physical activity program (Arlinghaus, Ledoux, & Johnston, under review) 

provides a homogenous sample of low income, Hispanic-American middle school students (i.e. All 

students came from the same school district, self-identified as Hispanic-American, and were 12.09 ± 

0.61 years old. Over 85% of students were eligible for free/reduced school meals and 54% of students 

were female.) to investigate characteristics that may be indicative of participants who were responsive 

and unresponsive (in terms of weight-based outcomes) to physical activity programming. The purpose of 

this study was to describe profiles of demographic characteristics, health indicators, and behavioral 

characteristics (e.g. sex, age, baseline zBMI, physical activity, dietary consumption, health-related quality 

of life) that distinguished individuals who responded or did not respond to physical activity 

programming at three and six months, stratified by baseline weight status.  

Methods 

Participants 

This study is a secondary analysis of a previously conducted randomized controlled trial in which 

the primary aim was to examine MVPA over time between individuals receiving a physical activity 

intervention compared to physical education class as usual. The details of the physical activity 

programming and results are described elsewhere (Arlinghaus, et al., under review). Middle school 

students were recruited from a charter school district in Houston, Texas to participate in the study 

(n=222). The school district actively recruits students from low socioeconomic status, racial/ethnic 

minority families who are at risk of not graduating from high school. Over 85% of students across the 
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district qualify for free/reduced school meals. All students who participated in the study self-identified 

as Hispanic-American. For the purposes of this study, only participants with complete data were 

included in this analysis. Specifically, those without complete anthropometric data at baseline, three, 

and six months (n=6), baseline quality of life data (n=8), and baseline dietary data (n=23) were excluded. 

This left a final analytical sample of 185 participants. Students were grouped based on weight status for 

separate analyses. 

Outcome variables 

Height and weight were measured to the nearest 0.1 centimeter and kilogram respectively by 

trained research staff at baseline, three, and six months. Participants wore minimal clothing and no 

shoes. These measures were used to calculate BMI (kg/m2). BMI Percentile was calculated according to 

the Centers for Disease Control and Prevention (CDC) Guidelines (Kuczmarski et al., 2002).  

Intervention response was determined using the algorithm adapted from the American Academy of 

Pediatrics (AAP) guidelines for childhood obesity prevention and treatment for school-based obesity 

interventions (Table 1). Those not meeting the criteria for response were considered nonresponsive to 

treatment. The staged treatment algorithm described by the AAP indicates short term response to be 

three to six months (Barlow, 2007). As such, two separate models were developed, one for three and 

one for six months. The same criteria for response and nonresponse classification was used at three and 

six months from baseline. Response was analyzed as a dichotomous variable (responsive or 

unresponsive) and was the dependent variable in this study. 

Table 1 

Short-term Response Guidelines for School-Based Obesity Intervention 

Age Baseline BMI Percentile Response at 3-6 months 

11 or younger ≥5th and <85th Maintain or decrease BMI Percentile 

≥85th and <95th Maintain or decrease weight gradually 
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≥95th and <99th Gradual (~1 pound/month) weight loss 

≥99th Weight loss  

12 or older ≥5th and <85th Maintain or decrease BMI Percentile 

≥85th and <95th Maintain or decrease weight gradually (no more 

than 2 pounds/week on average) 

≥95th Weight loss 

Note. Guidelines are adapted from AAP guidelines for childhood obesity treatment16 

Predictor variables 

Theoretical basis  

Potential predictor variables were selected based on theory, prior literature, and data availability. 

Physical activity programming was developed based on Social Cognitive Theory (Bandura, 1986, 2004). 

Social Cognitive Theory posits social, environmental, and personal factors interactively contribute to 

health behaviors. The current analysis focuses primarily on personal factors that may influence health 

behaviors and intervention response. While data availability limits the direct inclusion of many social 

and environmental factors, consistent with Social Cognitive Theory, predictor variables in this study 

were chosen because they may be direct or indirect indicators of social and environmental factors. For 

example, baseline dietary consumption is likely indicative of a participant’s food environment at home 

and school.  

Baseline demographic characteristics and health indicators 

Demographic variables (sex, age) were assessed through a self-report demographic questionnaire 

completed by the study participants at baseline. Baseline zBMI was calculated from anthropometric 

measurements described above for the dependent variable.. The Pediatric Quality of Life Scale 4.0 

(PEDS-QL) was used to assess health-related quality of life at baseline. PedsQL is a 23-item self-report 

measure that assesses quality of life in children and adolescents (Varni, Burwinkle, & Seid, 2006). The 
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scale has demonstrated reliability with a Cronbach α reliability coefficient of .90 for the total scale score 

and with all subscale scores exceeding Cronbach α of .70 and discriminates between healthy and 

physically ill children (Schwimmer, Burwinkle, & Varni, 2003). Among the present sample, the health-

related quality of life subscale had a Cronbach α reliability coefficient of 0.72. The health-related quality 

of life subscale was specifically selected as a predictor because improvements in health-related quality 

of life have been observed following participation in obesity interventions (Al-Khudairy et al., 2017). 

Baseline physical activity 

Weekday minutes of moderate-vigorous physical activity (MVPA) was assessed using accelerometry 

(Actigraph AG, model GT1M). Protocol details are described elsewhere (Arlinghaus, et al., under review). 

MVPA was specifically chosen over other activity intensities as the majority of literature indicates time 

spent in MVPA to be most strongly associated with health outcomes (Ekelund et al., 2012). 

Baseline dietary consumption 

Five dietary variables were included as predictor variables: total energy (kcal), “green” foods, 

“yellow foods”, “red foods”, and sugar sweetened beverages consumed per day at baseline. Dietary 

consumption was assessed using the Kids 2004 Block Food Frequency Questionnaire (FFQ) at baseline 

(Cullen, Watson, & Zakeri, 2008). The FFQ assesses foods consumed over the past seven days. 

Participants reported the number of days and how much they ate of each item. The FFQ includes a 

portion size sheet with visual representations of varied size bowls and plates to increase accurate 

reporting. Adequate reliability and validity have been reported for the Block FFQ (Cullen, et al., 2008). 

Any energy consumption levels greater than 5000 kcal/day or less than 500 kcal/day were considered 

implausible and were excluded. Food items included in the Block FFQ were coded to classify foods 

according to a modified stoplight diet. Specifically, foods were classified into four groups: “Green” foods 

included fruits/non-starchy vegetables; “yellow” foods were dairy/protein/starch/grains with less than 

five grams of fat or 15 grams of sugar, and “red” foods were any food with more than five grams of fat 
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or 15 grams of sugar; and “sugar sweetened beverages” were beverages with added sugar.  The number 

of servings consumed in each category was calculated. 

Study characteristics 

Although prior analysis found no difference in zBMI over the course of the study between conditions 

(Arlinghaus, et al., under review), randomization assignment to participate in circuit-based physical 

activity or PE class as usual may still impact weight-related outcomes. Response at three months was 

also included in the three six-month models as initial response is an established predictor of later 

response (Goldschmidt, et al., 2011; Gow, et al., 2016; Jelalian, et al., 2008; Reinehr, et al., 2010). 

Statistical analysis 

Statistical analysis was completed using SPSS 25. Descriptive characteristics were calculated. Chi 

square and t-tests were also used to assess differences in predictor variables between those responsive 

and unresponsive. Six Classification Regression Trees (CRT) were developed: one predicting response at 

three months and one predicting response at six months among all participants (i.e. overall models), 

participants with healthy weight status (i.e. prevention models), and participants with overweight status 

or obesity (i.e. treatment models). The following baseline predictor variables were used in each of the 

models: age in years, sex (male or female), zBMI, PedsQL health-related quality of life subscale score, 

average minutes/day of weekday MVPA, energy consumption (kilocalories), servings of “green” foods, 

servings of “yellow” foods, servings of “red” foods, servings of sugar sweetened beverages, and 

intervention randomization group. In addition to these variables, six-month models also included 

response at three months as a predictor variable. CRT analysis uses recursive partitioning to create 

homogenous subgroups and is far less sensitive to sample size for detecting effects as compared to 

using linear or logistic models and p-values. Variables can appear multiple times within the same tree 

(with different cut-off points), which increases the robustness of the profiles created. Furthermore, 

compared to logistic regression which identifies groups that have the same outcome but can differ 

A41



substantially on the predictors’ values, CRT identifies groups that match on both predictors and 

outcome values (Kiernan, Kraemer, Winkleby, King, & Taylor, 2001). This distinction is useful for the 

development of tailored interventions. Another distinction between CRT and logistic regression is that 

CRT is intended as a descriptive analysis as a first step to inform intervention whereas logistic regression 

tests hypotheses. The Gini index was used to split nodes. Growth limits were set such that each tree 

could not have a depth greater than five levels, parent nodes had to have a minimum of 25 cases, and 

child nodes had to have a minimum of five cases. Each tree was cross-validated using 10 sample folds, 

and then pruned to avoid overfitting.   

Results 

Descriptive statistics and the results of chi-square and t-tests examining differences between 

weight status categories are reported in Table 2. The only statistical difference between those with 

complete data who were included in the analysis and those who were excluded from analysis due to 

incomplete data was that those excluded from the analysis were more likely to be in the treatment as 

usual group than the intervention group (χ2=4.67, p=0.03). Due to this, differences in characteristics by 

randomization group were investigated. Overall and among those with healthy weight status those 

randomized to the intervention group were more likely to be responsive than treatment as usual at 

three months, but not at six months (χ2=5.09, p=0.03; χ2 =2.43, p=0.12 and χ2=4.89, p=0.03; χ2=1.09, 

p=0.30 respectively). Among those with overweight status or obesity there were no differences in 

response by randomization group at either three or six months (χ2=0.89, p=0.34 and χ2=1.89, p=0.17 

respectively). 

Table 2 

Descriptive Baseline and Study Characteristics Overall and by Weight Classification, Mean (SD) or n [%] 

 
Overall (N=185) 

Healthy weight 

(n=103) 

Overweight & obesity 

(n=82) 

A42



Demographic characteristics 

Sex    

Female 99 (53.50) 58 (56.30) 41 (50.00) 

Male 86 (46.50) 45 (43.70) 41 (50.00) 

Age (years) 12.09 (0.61) 12.14 (0.62) 12.02 (0.59) 

Anthropometric characteristics 

Height (cm) 150.94 (7.90) 149.05 (7.86) 153.32 (7.32)*** 

Weight (kg) 51.34 (15.97) 40.93 (6.28) 64.40 (14.80)*** 

BMI 22.27 (5.60) 18.35 (1.79) 27.21 (4.80)*** 

BMI percentile 70.82 (27.90) 51.24 (22.79) 95.42 (3.63)*** 

zBMI 0.83 (1.07) 0.02 (0.66) 1.83 (0.44)*** 

Psychosocial and behavioral characteristics 

Health-related quality of life 86.71 (12.12) 88.53 (11.64) 84.41 (12.39)* 

Weekday MVPA (minutes/day) 31.18 (17.77) 30.80 (19.88) 31.66 (14.80) 

Energy consumption (kcal/day) 1605.21 

(1001.39) 

1707.86 (1008.48) 1476.27 (983.36) 

Food classifications    

“Green” foods (servings/day) 2.71 (3.00) 2.59 (3.40) 2.84 (2.40) 

“Yellow” foods (servings/day) 4.46 (3.07) 4.53 (3.14) 4.39 (2.98) 

“Red” foods (servings/day) 4.74 (3.81) 5.28 (4.04) 4.05 (3.40)* 

Sugar sweetened beverages 

(servings/day)  

1.35 (1.47) 1.43 (1.35) 1.25 (1.62) 

Study characteristics 

Randomization condition    
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Intervention 120 (64.86) 66 (64.08) 54 (65.85) 

Treatment as usual 65 (35.14) 37 (35.92) 28 (34.15) 

Three-month response    

Responsive 106 (57.30) 62 (60.19) 38 (46.34) 

Unresponsive 79 (42.70) 41 (39.81) 44 (53.66) 

Six-month response    

Responsive 65 (35.14) 46 (44.66) 63 (76.83)** 

Unresponsive 120 (64.86) 57 (55.34) 19 (23.17) 

Note. Significantly different from healthy weight status at *p<0.05, **p<0.01, ***p<0.001 

Overall Models 

Response at three months 

Overall, 57.3% of participants were responsive at three months. Figure 1 shows the resulting 

CRT decision tree for three-month outcomes with six terminal nodes as well as the values of predictors 

distinguishing those as responsive and unresponsive at each node. The risk estimate for this tree was 

0.27, meaning that the tree misclassified 27.0% of cases and correctly identified 73.0% of cases. 

Weekday MVPA appeared twice in the tree and servings of foods with less than five grams of fat or 15 

grams of sugar per serving, age, and kilocalories each appeared once in the tree. No other predictor 

variables appeared in the tree. Two pathways distinguished participants who were unresponsive and 

four pathways through the tree distinguished participants who were responsive.  

Figure 1 

Three-Month Decision Tree Analysis Results among all Participants  
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Note. U=Unresponsive; R=Responsive, MVPA=Moderate-Vigorous Physical Activity 

Response at six months 

Overall, 35.1% of participants were responsive at six months. Figure 2 shows the resulting CRT 

decision tree for six-month outcomes with three terminal nodes as well as the values of predictors 

distinguishing those as responsive and unresponsive at each node. The risk estimate for this tree was 

0.205, meaning that the tree misclassified 20.5% of cases and correctly identified 79.5% of cases. The 

only variables appearing in the tree included response at three months (appeared first in the tree) and 

baseline zBMI. Two pathways distinguished participants who were unresponsive and one pathway 

through the tree distinguished participants who were responsive.  

Figure 2 

Six-Month Decision Tree Analysis Results among all Participants  

Response at 3 Months

42.7% U (n=79)

57.3% R (n=106)

≤ 43.0 minutes/day 
MVPA

48.4% U (n=74)

51.6% R (n=79) 

≤ 1.5 servings of  
"yellow" foods

25.8% U (n=8)

74.2% R (n=23) 

>1.5 servings of 
"yellow" foods

54.1% U (n=66)

45.9% R (n=56) 

≤ 12.3 minutes/day 
MVPA

13.3% U (n=2)

86.7% R (n=13) 

>12.3 minutes/day 
MVPA

59.8% U (n=64)

40.2% R (n=43) 

≤11.5 years old

93.8% U (n=15)

6.2% R (n=1)

>11.5 years old

53.8% U (n=49)

46.2% R (n=42)

≤1884.8 kcal

62.3% U (n=38)

37.7% R (n=23)

>1884.8 kcal

36.7% U (n=11)

63.3% R (n=19)

>43.0 minutes/day 
MVPA

15.6% U (n=5)

84.4% R (n=27) 
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Note. U=Unresponsive; R=Responsive 

Prevention Models 

Response at three months 

Among those with a healthy weight status, 60.2% were responsive at three months. Figure 3 

shows the resulting CRT decision tree for three-month outcomes with two terminal nodes. One pathway 

distinguished participants who were unresponsive and one pathway through the tree distinguished 

participants who were responsive. The risk estimate for this tree was 0.340, meaning that the tree 

misclassified 34.0% of cases and correctly identified 66.0% of cases. The only variable appearing in this 

tree was baseline zBMI. Those with a higher zBMI (>-0.60) were more likely to be responsive. 

Figure 3.  

Three-Month Decision Tree Analysis Results among Participants with Healthy Weight  

 

Note. U=Unresponsive; R=Responsive 

Response at 6 
Months

64.9% U (n=120)

35.1% R (n=65)

Unresponsive at 3 
months

94.9% U (n=75)

5.1% R (n=4) 

Responsive at 3 
months

42.5% U (n=45)

57.5% R (n=61)

1.77 ≤ zBMI 

33.7% U (n=28)

66.3% R (n=55) 

1.77 > zBMI 

73.9% U (n=17)

26.1% R (n=6) 

Response at 3 
Months

39.8% U (n=41)

60.2% R (n=62)

≤ -0.60 zBMI

66.7% U (n=12)

33.3% R (n=6) 

> -0.60 zBMI 

34.1% U (n=29)

65.9% R (n=56)
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Response at six months 

Among those with a healthy weight status, 44.7% were responsive at six months. Figure 4 shows 

the resulting CRT decision tree for six-month outcomes with two terminal nodes. One pathway 

distinguished participants who were unresponsive and one pathway through the tree distinguished 

participants who were responsive. The risk estimate for this tree was 0.233, meaning that the tree 

misclassified 23.3% of cases and correctly identified 76.7% of cases. The only variable appearing in the 

tree was response at three months. Those who were unresponsive the first three months were unlikely 

to become responsive at six months. 

Figure 4.  

Six-Month Decision Tree Analysis Results among Participants with Healthy Weight  

 

Note. U=Unresponsive; R=Responsive 

Treatment Models 

Response at three months 

Among those with overweight status or obesity, 53.7% were responsive at three months. Figure 

5 shows the resulting CRT decision tree for three-month outcomes with five terminal nodes as well as 

the values of predictors distinguishing those as responsive and unresponsive at each node. The risk 

estimate for this tree was 0.171, meaning that the tree misclassified 17.1% of cases and correctly 

identified 82.9% of cases. The only variables appearing in this tree were average daily weekday minutes 

of MVPA, servings of sugar sweetened beverages, and physical health related quality of life. Each of 

Response at 6 
Months

55.3% U (n=57)

44.7% R (n=46)

Unresponsive at 3 
months

90.2% U (n=37)

9.8% R (n=4) 

Responsive at 3 
months

32.3% U (n=20)

67.7% R (n=42)
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these variables appear once in the tree, except for average daily weekday minutes of MVPA which 

appeared as both the first and last variable in the tree. Three pathways distinguished participants who 

were unresponsive and two pathways through the tree distinguished participants who were responsive. 

One pathway identified 100% of participants as unresponsive. One hundred percent of participants who 

had lower levels of weekday MVPA (≤ 46.12 minutes per day), lower consumption of sugar sweetened 

beverages (≤ 1.30 servings per day), and a lower physical health related quality of life subscale score 

(≤76.56) were unresponsive.  

Figure 5. 

Three-Month Decision Tree Analysis Results among Participants with Overweight Status or Obesity  

 

Note. U=Unresponsive; R=Responsive; SSB=Sugar Sweetened Beverages; QoL=Quality of Life; 

MVPA=Moderate-Vigorous Physical Activity 

Response at six months 

Among those with overweight status or obesity, 23.2% were responsive at six months. Figure 6 

shows the resulting CRT decision tree for six-month outcomes with four terminal nodes as well as the 

Response at 3 Months

46.3% U (n=38)

53.7% R (n=44)

≤ 46.1 minutes/day 
MVPA

52.9% U (n=37)

47.1% R (n=33) 

≤ 1.3 servings SSB

62.3% U (n=33)

37.7% R (n=20) 

≤ 76.6 Physical Health 
Related QoL Score

100.0% U (n=14)

0% R (n=0) 

>76.6 Physical Health 
Related QoL Score

48.7% U (n=19)

51.3% R (n=20) 

≤ 30.6 minutes/day 
MVPA

21.1% U (n=4)

78.9% R (n=15) 

>30.6 minutes/day 
MVPA

75.0% U (n=15)

25.0% R (n=5) 

>1.3 servings SSB

23.5% U (n=4)

76.5% R (n=13) 

>46.1 minutes/day 
MVPA

8.3% U (n=1)

91.7% R (n=11) 
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values of predictors distinguishing those as responsive and unresponsive at each node. The risk estimate 

for this tree was 0.171, meaning that the tree misclassified 17.1% of cases and correctly identified 82.9% 

of cases. The only variables appearing in this tree were response at three months, age, and consumption 

of foods with ≥ five grams of fat or 15 grams of sugar. Three pathways distinguished participants who 

were unresponsive and one pathway through the tree distinguished participants who were responsive. 

Two pathways identified 100% of participants as unresponsive and one pathway identified 100% of 

participants as responsive. One hundred percent of participants who were unresponsive at three 

months were unresponsive at six months. One hundred percent of younger participants (≤ 11.55 years 

old) who were responsive at three months were unresponsive at six months. One hundred percent of 

older participants (>11.55 years old) who were responsive at three months and consumed a greater 

amount (> 7.54 servings) of foods with ≥ five grams of fat or 15 grams of sugar at baseline were 

responsive at six months.  

Figure 6.  

Six-Month Decision Tree Analysis Results among Participants with Overweight Status or Obesity  

 

Note. U=Unresponsive; R=Responsive 

Response at 6 
Months

76.8% U (n=63)

23.2% R (n=19)

Unresponsive at 
3 months

100.0% U (n=38)

0% R (n=0) 

Responsive at 3 
months

56.8% U (n=25)

43.2% R (n=19)

≤ 11.5 years old

100.0% U (n=7)

0% R (n=0) 

>11.5 years old

48.6% U (n=18)

51.4% R (n=19) 

≤ 7.5 servings of 
"red" foods

56.2% U (n=18)

43.8% R (n=14) 

> 7.5 servings of 
"red" foods

0% U (n=0) 

100.0% R (n=5)
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Discussion 

The exploratory regression tree analyses conducted in this study resulted in distinct trees for 

each weight status classification and outcome timepoint. While the trees had some commonalities, the 

uniqueness of each tree illustrates the complex, variable nature of individual response to intervention. 

For each tree and collectively, it is important to note which variables were absent, which variables 

appeared, the positioning of variables, and how many times a variable appeared.  Examining these 

factors in relation to current literature highlights the following key findings from this study: consumption 

of highly calorific foods pretreatment was related to response, but fruit/vegetable consumption was 

not; MVPA was the most important factor in distinguishing response in the three-month models; only 

four individuals (and no one with overweight or obesity) who were unresponsive the first three months 

became responsive at six months; older age was an important distinguishing characteristic of individuals 

who were responsive at both three and six months; and characteristics distinguishing responders from 

non-responders varied greatly between treatment and prevention samples. 

Gender, randomization group, and fruit/vegetable consumption did not appear in any model. 

This indicates that these were not primary factors related to response. While fruit/vegetable 

consumption was not a predictor, dietary variables appeared in half of the trees. In contrast to 

fruit/vegetables, the dietary variables that appeared in the trees contained substantial calories and 

calories itself appeared in one model. Generally, higher consumption at baseline of calories and “red” 

foods and beverages with high amounts of sugar and fat was associated with response. Conversely, 

lower consumption of “yellow” foods which are plentiful in both nutrients and energy was associated 

with response. It is possible that high levels of baseline consumption of foods high in fat, sugar, and 

energy provide opportunity for reduction. Similarly, low consumption of foods high in nutrients and 

energy offers an opportunity to increase consumption of these foods, potentially as a replacement for 

“red” foods. Dietary consumption was assessed in August, at the beginning of the school year. As such it 
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is likely reflective of what youth ate over the summer. Being in school during the intervention period 

would have prevented grazing behaviors during the school day and limited access to many “red” foods 

during school hours (Weaver, Beets, Brazendale, & Brusseau, 2019). While the intervention from which 

this data was collected did not include dietary intervention, a small decrease in energy consumption 

from reduced access to food during school hours may have contributed to response. Many school-based 

interventions focus on fruit and vegetable consumption (Evans, Christian, Cleghorn, Greenwood, & 

Cade, 2012). Importantly, the results of this study suggest that the dietary factors most related to 

response are ones with higher energy content. Rather than a focus on fruits and vegetables, future 

investigation may consider how “red” food consumption could be transitioned into “yellow” food 

consumption. 

MVPA was the highest variable in two of the three-month trees, indicating it to be an important 

variable in distinguishing response. It makes sense for MVPA to be a critical predictor of response as 

physical activity was the primary intervention. Every time MVPA was present in a tree, it appeared more 

than once. This indicates a nonlinear relationship and/or a potential interaction. Across trees, highest 

and lowest amount of MVPA time were associated with response; whereas, the middle range of MVPA 

time was associated with nonresponse or depended on another variable. Less MVPA time may provide 

the opportunity for an intervention to improve MVPA. Greater amounts of MVPA time may indicate that 

the individual enjoys physical activity. Enjoyment is a primary predictor of physical activity level 

(Wallhead & Buckworth, 2004). Therefore, high amounts of MVPA time at baseline may be indicative of 

engagement and adherence to intervention activities. Conversely, middle levels of MVPA may be 

associated with non-response because middle ranges of MVPA time do not provide as much space for 

improvement and may indicate a lesser sense of enjoyment for MVPA. In practice, individuals trying to 

lose weight who are inactive with high energy consumption have the greatest opportunity for 

improvement. High amounts of MVPA time at baseline being the primary factor describing response (i.e. 
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appeared first in the three-month trees) illustrates the importance of not solely identifying areas for 

improvement but identifying areas of strength to build upon.  

Physical health related quality of life only appeared in the three-month treatment model. Its 

appearance in this model but not the prevention or overall models is consistent with physical health 

related quality of life being significantly lower among those with overweight status or obesity than 

among those with healthy weight status (Table 2). In this model, participants with lower physical health 

related quality of life were unlikely to respond. Compared to those with healthy weight, youth with 

overweight or obesity have lower fundamental movement skill and report more difficulty being 

physically active (Han, Fu, Cobley, & Sanders, 2018; Stankov, Olds, & Cargo, 2012). Although a growing 

body of literature examines quality of life as an intervention outcome, few use it as a characteristic to 

provide targeted intervention (Al-Khudairy, et al., 2017; Daundasekara, Arlinghaus, & Johnston, 2020). 

Compared to other characteristics which may be more cumbersome to collect, quality of life is assessed 

with a short questionnaire that could be easily included as part of an intervention screener.  

There were no overlapping predictor variables between three- and six-month models within 

each sample (i.e. overall, prevention, and treatment models). For example, MVPA, a prominent variable 

among multiple three-month models, was absent from all of the six-month models. This may be 

explained by three-month response appearing as the first predictor in each of the six-month models. 

Given the prominence of MVPA in predicting response at three months, it is likely that MVPA’s 

contribution to six-month response was subsumed by the three-month response variable. 

The importance of three-month response in distinguishing between response and non-response 

at six months among all models is consistent with prior literature indicating initial weight loss to be a 

primary predictor of later weight loss (Goldschmidt, et al., 2011; Gow, et al., 2016; Jelalian, et al., 2008; 

Reinehr, et al., 2010). The importance of initial response is prominently illustrated in the six-month 

treatment model in which not one participant who was unresponsive at three months became 
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responsive at six months. This indicates how critical it is to identify individuals who are not responding 

to intervention as soon as possible because they are very unlikely to respond later. 

While the rate of response is lower at six months than at three months in all models, the 

decrease is particularly dramatic between the treatment models (i.e. 53.7% to 23.2%). This makes it 

important to identify characteristics distinguishing between response and non-response at six-months 

among those who were responsive at three-months. Those who remained responsive were older and 

ate more “red” foods at baseline. Age has been a consistent predictor of intervention response in prior 

research. However, the direction (i.e. older or younger) associated with response is mixed (de Niet, et 

al., 2011; Gow, et al., 2016; Pott, et al., 2009; Reinehr, et al., 2010; Sabin, et al., 2007; Wiegand, et al., 

2014). It is particularly striking that age appeared as a predictor variable in the tree given the 

homogenous sample (mean age was 12.02 ± 0.59 years). It is possible that age appears in the trees as a 

distinguishing factor between students in their first year in middle school compared to their second (i.e. 

youth younger than the 11.5 year old cut-off point in the tree were adapting to an entirely new school 

environment whereas those older were only adapting to the physical activity program.) However, an 

exploratory inclusion of grade into the model did not alter the results. Another possibility is that age 

corresponds to maturation. Among both sexes, physical maturation is related to a decline in physical 

activity and weight gain (Bacil, Mazzardo Júnior, Rech, Legnani, & de Campos, 2015; Marcovecchio & 

Chiarelli, 2013). Unfortunately, no measure of physical maturation was available for inclusion in the 

present study. Older youth may also have greater social and mental maturation which could provide 

them a greater capability to maintain behavior changes. This is consistent with prior studies that 

indicate older youth (middle school age) to sustain improvements in weight-related outcomes longer 

than younger children (elementary school age) (Reinehr, et al., 2010). Future investigation is needed to 

better understand factors for which age may be a proxy and at which age intervening would result in the 

greatest sustained response.  
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The three-month prevention model had the lowest classification accuracy (66%). This model 

only improved classification accuracy 5.8 percentage points compared to classifying all participants as 

responsive (i.e. compared to predicting all 103 individuals were responsive and being correct for 62 of 

them or 60.2% of the sample), this model was able to correctly classify 56 of the 62 responsive 

participants and 12 of the 41 unresponsive individuals or 66% of the sample). It is possible that other 

variables not available in the dataset could increase the accuracy of classification. However, it is also 

possible that the definition of response is not appropriate for the prevention subsample. The only 

predictor variable present in this tree was zBMI. Participants with a lower zBMI (equivalent to about the 

27th percentile) were more likely to be unresponsive than those with a higher zBMI. Consistent with 

regression to the mean principles, those with a lower zBMI than the mean (i.e. those identified in the 

tree as unlikely to respond) are likely to increase zBMI towards the mean. However, because the 

definition for response for the prevention sample is to maintain or decrease BMI percentile, an increase 

toward the mean among individuals far below the mean inherently classifies them as unresponsive. 

Physically, an increase in BMI percentile among individuals within the BMI percentile range for healthy 

weight status does not necessarily increase health risk. Such an increase may even be viewed as 

beneficial for some individuals, like those at a BMI percentile close to the cutoff for underweight. 

Therefore, the levels of response (i.e. 60.2% and 44.7% at three- and six-months respectively) among 

the prevention samples may be more attributable to the definition of response than baseline 

characteristics or the physical activity programming. Further investigation and discussion regarding the 

most meaningful way to assess response among prevention populations is needed. Importantly, the 

results of this study illustrate that factors related to response vary greatly among prevention and 

treatment samples. As such, the evaluation of weight-related intervention outcomes requires 

stratification by weight status.  
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The exploratory regression tree analysis conducted in this study is an important first step in 

understanding how baseline characteristics may relate to intervention response. Understanding how 

baseline characteristics can predict response is critical to being able to provide tailored interventions as 

early as possible. This study illustrates the importance of initial response as individuals in both the 

treatment and prevention samples who were unresponsive in the first three months were unlikely to 

become responsive at six months. A strength of this study was its homogenous, low income, Hispanic-

American middle school population which enabled investigation into factors pertaining to response 

among a high-risk population. While physical activity was able to be assessed objectively with 

accelerometry, dietary intake was self-reported. Given the lower reliability of self-reported data, dietary 

data may have been less likely to appear in the models compared to the objectively measured physical 

activity data. The unique trees that were created in this study indicate the great amount of variability of 

profiles associated with response to intervention. Further investigation and more complex modeling is 

needed to better understand individual variability to be able to develop population-specific 

interventions. 
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ABSTRACT

Background: Moderate-vigorous physical activity (MVPA) declines during adolescence, with 

greater declines among females. This randomized control trial examined MVPA in a physical 

activity intervention (Int) compared to physical education (PE) class as usual (TAU), stratified 

by sex and weight classification. Standardized BMI (zBMI) over time was also examined.

Methods: Hispanic-American middle school students (N=193) were recruited from a school 

district in Houston, Texas from 2011-2014. Participants were randomized to receive either Int (a 

circuit-based physical activity intervention informed by behavioral theory) or TAU (PE class as 

usual) for six months. MVPA was assessed using accelerometry at baseline and six months. 

Repeated measures ANCOVA were conducted to examine changes in MVPA over the six 

months, overall and stratified by sex and weight status. This procedure was repeated for zBMI.

Results: Participants were 12.10 ± 0.63 years old and 53% were female. Overall those in Int 

increased weekday MVPA minutes more than those in TAU (F(1,190)=7.03, p<0.01). Int 

females increased weekday MVPA; whereas TAU females decreased weekday MVPA 

(F(1,99)=7.36, p<0.01). Among those with obesity, there was no difference in MVPA between 

conditions (F(1,56)=0.33, p=0.57), but those in Int decreased zBMI significantly more than TAU 

(F(1,56)=6.16, p<0.05).

Conclusions: Structured PE classes grounded in behavioral theory may be an important strategy 

to prevent typical decreases in MVPA during adolescence, particularly among females and as a 

weight management strategy for youth with obesity. Further research is needed to better tailor 

school-based physical activity opportunities for high risk populations. 

Page 1 of 33

American School Health Association

Journal of School Health

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A63



For Peer Review

2

BACKGROUND

Physical activity is a primary public health priority. Decades of epidemiological evidence 

consistently link greater physical activity with reduced mortality,1-4 and a growing body of 

literature indicates physical activity as an important prevention strategy and adjunct treatment for 

disease.5 Although it is suggested that vigorous physical activity may confer the greatest benefit,6 

physical activity performed at least at a moderate-vigorous intensity (MVPA) is recommended.7 

Despite the importance of physical activity for disease prevention, only 20% of youth aged 13-15 

years meet the recommended 60 minutes of MVPA per day8 and Hispanic-American youth 

participate in less physical activity than White peers.9-12 

Physical Education (PE) class provides a natural opportunity during the day for youth to 

be active, as well as an important opportunity to overcome many barriers faced by low income 

populations by providing a safe space and equipment to be active. Proper instruction by the PE 

teacher can also help increase students’ self-efficacy and enjoyment of physical activity, both of 

which are important predictors of an individual’s physical activity level.13-15  However, the time 

spent in MVPA during PE class is highly variable, and few PE classes meet the CDC 

recommendation for 50% of time in PE class be spent in MVPA.16,17 Additionally, ethnic 

minority students in lower income districts participate in less MVPA during school than more 

affluent, non-Hispanic White peers.18-20 The lack of MVPA during PE has been attributed to the 

structure of most PE classes, which may not facilitate students being active at the moderate-

vigorous level (e.g. games that do not include the whole class, sports like bowling that do not 

substantially increase students’ heart rates, knowledge-based instruction etc). In-class promotion 

of physical activity with an emphasis on fitness content appears to be particularly critical for the 

promotion of MVPA for low income adolescents, for whom general play opportunities are less 
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likely to result in increased MVPA.19 While physical activity interventions that emphasize 

structured fitness content consistently result in greater levels of MVPA than traditionally taught 

PE classes,21  a paucity of PE class interventions exist among low income, ethnic minority 

adolescents, and the majority of existing interventions among this high risk population have not 

resulted in increased MVPA.22-28 The need for PE curriculum to be designed to increase MVPA 

among this population is clear. 

Given the inclusion of both sexes in school classes, it is critical to consider sex 

differences in MVPA. Although MVPA decreases as youth age,29 declines are greater among 

females than males.30 This consistent observation has led to a focus on increasing MVPA among 

females. However, few interventions have been able to increase female physical activity during 

adolescence and even fewer among low income, Hispanic-American populations.12,15,31-33 

Similar to sex differences in MVPA, differences also exist based on weight classification. 

Specifically, youth with overweight or obesity are less likely to adhere to physical activity 

instruction than their healthy weight peers.34-36 This likely occurs for a variety of reasons 

including lower levels of fundamental movement skill, being uncomfortable with their body 

during exercise, and finding exercise to be more difficult.34-36 A recent review of physical 

activity interventions found that most interventions did not result in increased physical activity 

time among youth classified with overweight or obesity,37 illustrating an important need to 

develop physical activity interventions for these groups.  

The purpose of this study is to compare weekday and weekend MVPA between low 

income, Hispanic-American middle school students receiving a physical activity intervention 

compared to traditional PE class (TAU) overall and stratified by sex and weight status. It was 

hypothesized that those receiving the intervention would have greater increases in both weekday 

Page 3 of 33

American School Health Association

Journal of School Health

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 A65



For Peer Review

4

and weekend MVPA. It was hypothesized that females would participate in fewer minutes of 

MVPA than males, and that females would have smaller increases in MPVA than males over the 

course of the intervention. It was also hypothesized that those with overweight status and obesity 

would engage in fewer minutes of MVPA and have smaller increases in MVPA during the 

intervention than those with healthy weight status. As a secondary aim, this study investigated 

the impact the intervention had on participant zBMI. It was hypothesized that participants in Int 

would reduce zBMI at a greater magnitude than participants in TAU.

METHODS

Participants

From 2011-2014, research staff recruited middle school students from a school district in 

Houston Texas to participate in a study during their PE class (n=491). Over 85% of students in 

this school were eligible for free/reduced school meals. All students in the study self-identified 

as Hispanic-American. Any middle school student enrolled in PE class was eligible to 

participate. There were no exclusions based on weight classification. However, students were 

excluded from the study if they were pregnant or if the school identified them as having a 

cognitive impairment significantly below average age or grade level. There were no such 

exclusions. Participation in the study was not contingent on agreeing to wear an accelerometer, 

but only those with accelerometer data were considered for this analysis. A total of 222 

participants agreed to wear the accelerometer. No incentives were provided for wearing an 

accelerometer. Sample size calculations were based on an alpha of 0.05 and 80% power. Based 

on prior pilot data a medium effect size was anticipated. A total of 172 participants were needed 

to sufficiently power the analysis. Figure 1 illustrates the flow of participants. All participants 
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provided written assent and parental consent. This study was approved by the Baylor College of 

Medicine Institutional Review Board and was registered in the ClinicalTrials.gov Registry 

(#NCT04396769).

Instrumentation

Demographic and anthropometric measures. Participants completed a demographic 

questionnaire including date of birth, sex, any ethnicity. Heights and weights were measured to 

the nearest 0.01 centimeter and kilogram respectively by trained research staff. Participants wore 

minimal clothing and no shoes for all anthropometric measures. BMI percentile and zBMI were 

calculated according to criteria by the Centers for Disease Control and Prevention.38 

Moderate-vigorous physical activity. The primary outcome of this study was daily 

minutes of MVPA. Weekday and weekend MVPA were assessed using accelerometry 

(Actigraph AG, model GT1M). MVPA was specifically chosen over other activity intensities as 

the majority of literature indicates MVPA levels to be most strongly associated with health 

outcomes.39-41 Research staff instructed participants to wear an accelerometer on an elastic belt 

on the right hip for seven days, including two weekend days.42 Seven days of monitoring has 0.8 

reliability of accurately capturing the habitual physical activity of children and adolescents.43 

Activity counts were captured in 30 second epochs. The Evenson cut points44 identified as most 

accurate for children,45 were used to categorize the child’s physical activity as moderate-to-

vigorous. Missing data was addressed by excluding days in which less than seven hours of data 

was collected.42 Complete weekday data was considered to be at least three full weekdays of 

wear, and complete weekend data was considered to be full data on a consecutive Saturday and 

Sunday. Using this criteria, 136 (61%) participants had complete weekday and weekend data, 57 
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(26%) participants had complete weekday data only, four (2%) participants had complete 

weekend data only, and 25 (11 %) participants did not have either complete weekday or weekend 

data. Complete weekday and weekend days were averaged to create an average minutes/weekday 

and weekend of MVPA.

Procedures

Randomization. This study was a parallel randomized controlled trial. Participants were 

randomized to either receive physical education (PE) class as traditionally taught in the district 

(TAU), or intervention PE class (Int). Randomization was conducted using a random numbers 

table by the principal investigator at the individual level with a 1:1 allocation ratio. Participants 

and research staff were not blinded to randomization condition. The intervention lasted six 

months and occurred during participants’ PE class. Both conditions had class instruction for 45 

minutes, five days/week. Class procedures and activities are outlined below for each condition.

Treatment as Usual Condition (TAU). Participants randomized to TAU completed PE 

class as it was traditionally taught in the school district. This includes sports-based instruction 

units in which students learn the rules to games and then practice playing. PE teachers were 

instructed to teach class as usual. Research staff were not involved in class activities or 

instruction.

Intervention Condition (Int). Participants randomized to the intervention condition 

received the intervention programming as their PE class. The intervention consisted of the 

physical activity component of an obesity intervention with established efficacy at reducing 

standardized BMI among this population.46-48 Only the physical activity component of the 

obesity intervention was included. No nutrition education was provided as part of the current 
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intervention. Intervention activities were rooted in Social Cognitive Theory.49 Trained research 

staff partnered with PE teachers to facilitate lessons and undergraduate college students were 

trained to complete activities with participants. 

The intervention curriculum was consistent with Supportive, Active, Autonomous, Fair, 

Enjoyable (SAAFE) principles.50 Support was provided by research staff, undergraduate 

students, and PE teachers. Undergraduate college students were specifically trained to model 

proper exercise form and to praise students for being active. Ongoing feedback regarding correct 

form and procedures was provided by research staff and teachers. Classes were designed to 

provide the opportunity to be physically active at a moderate-vigorous level. Lessons were 

circuit-based and included both aerobic and strength training exercises, as this strategy has been 

shown to increase physical activity in children and adolescents.51 This approach also supports 

participant autonomy. Each station included exercise options to accommodate varying fitness 

levels and offer students choice. Classes were designed to prepare participants for applied 

activities and included activities to increase endurance, coordination, and overall physical 

activity confidence. Instruction aimed to help students understand how different types of 

physical activity affects their heart rate. Heart rate monitors provided consistent biofeedback to 

students throughout the intervention. Participants were evaluated based on the number of 

minutes they spent each class between 60-80% of their maximal heart rate. Heart rate training 

was intended to encourage self-comparison over peer-comparison and provide an objective way 

to evaluate their activity level. Games were intermixed either as a station or as a break in the 

circuit (e.g. short game of tag half-way through the workout) to make physical activity enjoyable 

and engaging.
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Data analysis

Differences in demographic and anthropometric characteristics between study conditions 

and between those with and without complete accelerometry were assessed using t-tests and chi-

square tests. Separate repeated measures ANCOVA (RM-ANCOVA) models were conducted to 

compare average daily minutes of MVPA over the intervention between study conditions, one 

for weekday and one for weekend MVPA. Baseline zBMI was used as a covariate. These 

analyses were conducted overall and stratified by sex and weight status. Due to the small number 

of participants with underweight status, weight classification stratification was only conducted 

among those with healthy weight, overweight, and obesity classifications. For the secondary 

outcome, RM-ANCOVA models were conducted to compare zBMI over the course of the 

intervention between study conditions. These models were also stratified by weight 

classification. Consistent with CONSORT guidelines for randomized control trials, an intention 

to treat model was developed using the last observation carried forward method. Statistical 

analysis occurred in 2020 and was conducted using SPSS 26.  

RESULTS

Descriptive characteristics of the sample are provided in Table 1. No demographic or 

anthropometric differences were found between study conditions. Participants in the intervention 

group were more likely to have accelerometer data than those in the TAU group (χ2= 4.59, 

p=0.03). Participants with complete accelerometer data had significantly higher BMI than those 

with no complete accelerometer data (t=5.44, p=0.02) and participants with complete weekday 

and weekend accelerometry data had significantly greater BMI and zBMI, than those with only 

weekday accelerometry data (t=4.78, p=0.009; t=0.02, p=0.03). Additionally, among those with a 
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BMI percentile ≥ 85 (overweight status or obesity), participants in the intervention group had a 

significantly higher BMI percentile and zBMI than those in the TAU group. To account for these 

differences, zBMI was included as a covariate in the primary analysis (MVPA as an outcome) 

and BMI percentile was included as a covariate in the secondary analysis (zBMI as the outcome). 

Consistent with the literature, females participated in statistically less weekday MVPA than 

males at baseline (28.14 compared to 32.83 minutes/weekday, t=2.18, p<0.05). Although males 

engaged in comparatively more minutes of weekend MVPA at baseline than females (31.87 

compared to 27.32 minutes/weekend day), this difference was not statistically significant 

(t=1.21, p=0.23).

Weekday MVPA. Controlling for baseline zBMI, the RM-ANCOVA found participants 

in the intervention group to have a significantly greater increase in minutes of weekday MVPA 

than those in TAU over six months (F(1,190)=7.03, p<0.01). Table 2 reports the variability of 

MVPA. Controlling for baseline zBMI, the RM-ANCOVA found no difference in weekday 

MVPA between groups over the course of the intervention among males (F(1,88)=1.33, p=0.25), 

but there was a significant difference in minutes of weekday MVPA among females 

(F(1,99)=7.36, p<0.01). Females in the intervention group increased minutes of MVPA; whereas 

females in TAU decreased time in MVPA. There were no differences between study conditions 

among overweight and obesity classifications (respectively, F(1,28)=2.16, p=0.15 and 

F(1,56)=0.33, p=0.57). However, among participants classified as healthy weight, those in the 

intervention condition increased minutes of weekday MVPA significantly more than those in 

TAU (F(1,98)=6.10, p<0.05). Figure 2 illustrates changes in weekday MPVA overtime between 

study conditions overall and stratified by sex and weight classification. 
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Intention to treat. Consistent with CONSORT guidelines for randomized control trials, 

intention to treat models were developed for the primary aim of the study, weekday MVPA. 

These results were consistent with those of the completers model. Specifically, controlling for 

baseline zBMI, the RM-ANCOVA found participants in the intervention group to have a 

significantly greater increase in minutes of weekday MVPA than those in TAU over six months 

(F(1,214)=7.09, p<0.01). Table 2 reports the variability of MVPA. Controlling for baseline 

zBMI, the RM-ANCOVA found no difference in weekday MVPA between groups over the 

course of the intervention among males (F(1,100)=1.14, p=0.29), but there was a significant 

difference in minutes of weekday MVPA among females (F(1,111)=8.17, p<0.01). Females in 

the intervention group increased minutes of MVPA; whereas females in TAU decreased time in 

MVPA. There were no differences between study conditions among overweight and obesity 

classifications (respectively, F(1,33)=1.83, p=0.19 and F(1,59)=0.25, p=0.62). However, among 

participants classified as healthy weight, those in the intervention condition increased minutes of 

weekday MVPA significantly more than those in TAU (F(1,114)=6.11, p<0.05).

Weekend MVPA. Controlling for baseline zBMI, the RM-ANCOVA found no difference 

in weekend MVPA between study conditions overall (F(1,133)=1.47, p=0.23), among males 

(F(1,56)=0.61, p=0.44), among females (F(1,74)=0.55, p=0.46, or among participants with 

healthy weight or obesity weight classifications (respectively, F(1,64)=0.01, p=0.92 and 

F(1,43)=0.93, p=0.34). Among those with overweight classification, those in the intervention 

group increased minutes of weekend MVPA significantly more than those in TAU 

(F(1,19)=5.57, p<0.05). Variability of changes in weekend MVPA are reported in Table 2.

Standardized BMI. Controlling for baseline BMI percentile, the RM-ANCOVA found no 

differences in zBMI overall (F(1,190)=2.72, p=0.10), among males(F(1,88)=3.08, p=0.08), 
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among females (F(1,99)=0.11, p=0.75), among those with a healthy weight classification 

(F(1,98)=0.32, p=0.57), or among those with an overweight classification (F(1,28)=0.09, 

p=0.77).However, among participants with obesity at baseline, those in the intervention 

decreased zBMI significantly more than those in the TAU (F(1,56)=6.16, p<0.05). Figure 3 

illustrates changes in zBMI between study conditions stratified by weight classification. 

DISCUSSION

This study aimed to evaluate the use of a circuit-based physical activity intervention 

based on the physical activity component of an efficacious obesity intervention46-48 at improving 

MVPA among low income, Hispanic-American middle school students. Overall, among females, 

and among participants with healthy weight classification those in the intervention group had 

significant increases in minutes of weekday MVPA compared to PE class as usual. Notably, the 

magnitude in increase in weekday MVPA overall (almost 10 minutes/weekday) was over double 

that found in many prior physical activity interventions.52 

It is also particularly notable that the difference in minutes of MVPA seen between study 

conditions appears to be driven by females, making this intervention one of a few that have 

resulted in increases in MVPA among adolescent females.12,15,31-33 The increase among females 

in the intervention group compared to the decrease in MVPA time in PE class as usual illustrates 

the importance of structured PE class for adolescent females. In contrast to males, females are 

unlikely to engage in MVPA without structured physical activity opportunities.53,54 This may 

also explain why there was not a difference in MVPA between conditions among males. Unlike 

many studies in which intervention was compared to control, the intervention in this study was 

compared to PE class as usual. Males in both conditions increased time in MVPA, supporting the 
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idea that males may require less structure to engage in activity than females.53,54 This makes PE 

class with a structured focus on fitness-based content a particularly important opportunity for 

female adolescents. 

A substantial amount of research has focused on female-only physical activity 

intervention15 because females consistently report feeling uncomfortable being active in front of 

others, especially in front of males.55,56 While a few female-only interventions have had 

promising results,33 there is also evidence that females engage in greater levels of MVPA in co-

ed PE classes than female-only PE classes.57 The results of the present study reinforce that it is 

possible for females to improve MVPA time in a PE class with both males and females.  

Stratifying analyses by weight classification revealed that the increase in weekday 

minutes of MVPA seen among the overall sample may have also been driven by participants 

with a healthy weight classification. This is consistent with a recent review of physical activity 

interventions which also did not find significant increases in physical activity among participants 

with overweight or obesity classifications.37 These findings illustrate the high need for 

interventions to increase physical activity time among this population. There is some evidence to 

suggest that interventions exclusively conducted only among youth classified with overweight or 

obesity to be more effective at increasing this population’s physical activity.52 However, this 

type of design is likely infeasible in a PE class setting. 

Interestingly, despite not significantly increasing weekday or weekend MVPA time more 

than TAU, participants with obesity in the intervention group significantly reduced zBMI more 

than those in TAU. Literature regarding the relationship between physical activity time and 

weight outcomes is mixed with many reviews finding physical activity interventions to not 

improve weight management52,58-62 and others finding significant improvements compared to 
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control.63-66 There is substantial heterogeneity in exercise type, intensity, and duration across 

prior physical activity interventions.65 Although physical activity at a moderate intensity or 

higher is recommended for greater weight loss, activity at any intensity expends energy and can 

result in zBMI reduction.67 For example, a systematic review of interventions aimed at reducing 

sedentary time among youth found decreased sedentary time to be associated with reductions in 

BMI.68 It is possible that even if students with obesity do not increase MVPA, inclusive and 

supportive interventions designed to promote MVPA may be needed for this population to 

increase physical activity in general.

It is important to note that while there was no difference in weekend MVPA between 

study conditions over the course of the intervention, weekend MVPA did not decrease as 

weekday MVPA increased (i.e. intervention participants did not decrease MVPA over the 

weekend to compensate for increases during the school week). Although not statistically 

significant, there was a mean increase in weekend MVPA among intervention students and a 

mean decrease in weekend MVPA among TAU.  Therefore, intervention participants 

experienced an average weekly MVPA increase of 50 minutes. The lack of a significant 

difference between conditions in weekend MVPA may be due to the high degree of variability 

and smaller sample size of individuals with complete weekend data (Table 2). Conversely, it is 

possible that the impact of the intervention did not extend past the PE period, i.e. circuit training 

during PE class did not translate to the home environment. This is consistent with other research 

that indicates physical activity to be higher on weekdays than weekends and little MVPA to 

occur outside of structured intervention activities.69 There is a critical need to better understand 

how to alter physical activity outside school hours.52,70 However, importantly, because increases 
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in MVPA time during the school week did not have concomitant decreases in MVPA time over 

the weekend, intervention participants had a net increase in weekly MVPA time.

Limitations. Overall and among all subgroups there was a high degree of variability in 

time spent doing MVPA in this study. This is notable given the homogeneous nature of the 

sample (i.e. low income, Hispanic-American middle school students). Future research is needed 

to better understand for whom which types of physical activity in PE class promote MVPA and 

weight management, particularly among high risk subgroups such as females and those classified 

with overweight or obesity. Strengths of this study include the use of randomization, a control 

group, and the use of an objective measure of physical activity. However, many eligible students 

opted to not participate in the accelerometer portion of the study; therefore, selection bias may 

reduce generalizability of the results. Importantly this study was conducted among low income, 

Hispanic-American adolescents, for whom effective physical activity interventions are of high 

need, but this highly specific population also reduces the generalizability of results.

Conclusions. The results of this study illustrate the role PE classes can play in improving 

the health of high risk populations (i.e. ethnic minorities, females, and youth with obesity) if the 

curriculum and instruction is grounded in behavioral theory and activities are designed to engage 

students in fun, inclusive activities that promote MVPA. Specifically, this study illustrates three 

key points. First, although the intervention was not specifically tailored to either gender, females 

greatly benefited from intervention. This indicates the importance of PE class for females and 

demonstrates that female MVPA can be improved within a co-ed class. Secondly, despite no 

differences in MVPA between study conditions among participants with obesity, those in the 

intervention group decreased zBMI significantly more than those in PE class as usual. This 

indicates that a structured class may be critical for youth with obesity. Finally, although this 
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intervention increased participants’ time spent in MVPA during the school week, it did not alter 

MPVA time over the weekend. Future research is needed to better understand how school-based 

interventions may impact physical activity outside of the school hours. 

IMPLICATIONS FOR SCHOOL HEALTH

The results of this study have significant implications for the development of PE class 

curricula and standards. In contrast to other academic subjects where the main objective is to 

increase student knowledge, a primary objective of PE class is to improve health of youth. This 

requires that curricula be designed to include behavioral modification techniques to assist youth 

in making health behavior changes. This study illustrated that compared to traditional PE class, a 

circuit-based PE class grounded in behavioral theory improved physical activity among females 

and assisted with weight management among youth with obesity. School health personnel can 

work with PE teachers and administration to transition PE curricula to be grounded in behavioral 

theory. This may mean altering the standards by which PE teachers are evaluated such that their 

teaching standards match the desired goals of the curriculum. As illustrated by this study, this 

type of PE curricula change could have a meaningful impact on the health of high-risk youth. 

Human subjects approval statement

All participants provided written assent and parental consent. This study was approved by 

the Baylor College of Medicine Institutional Review Board and was registered in the 

ClinicalTrials.gov Registry (#NCT04396769).
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Figure 1. Consort diagram
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Table 1. Baseline characteristics, mean (SD) or n (%)
Weekday Analysis Sample Weekend Analysis Sample 
Overall 
(n=193)

Int 
(n=118)

TAU 
(n=75)

Overall 
(n=136)

Int 
(n=76)

TAU 
(n=60)

Sex
Male 91 

(47.15)
56 
(47.46)

35 
(46.67)

59 
(43.38)

37 
(48.68)

22 
(36.67)

Female 102 
(52.85)

62 
(52.54)

40 
(53.33)

77 
(56.62)

39 
(51.32)

38 
(63.33)

Age (yrs) 12.10 
(0.63)

12.11 
(0.62)

12.08 
(0.65)

12.06 
(0.60)

12.11 
(0.62)

11.99 
(0.57)

Height (cm) 150.74 
(8.13)

150.48 
(7.96)

151.15 
(8.41)

150.67
(7.81)

150.12 
(7.59)

151.38 
(8.09)

Weight (kg) 52.05 
(16.33)

50.42 
(14.74)

54.61 
(18.36)

53.45 
(17.37)

51.54 
(15.66)

55.88 
(19.18)

BMI 22.64 
(5.75)

22.06 
(5.32)

23.55 
(6.29)

23.24 
(6.09)

22.63 
(5.64)

24.02 
(6.58)

BMI percentile 72.21 
(28.03)

71.13
(26.86)

73.91 
(29.88)

74.68 
(27.31)

73.97 
(25.52)

75.57 
(29.62)

zBMI 0.89 
(1.09)

0.81 
(1.03)

1.01 
(1.17)

0.99 
(1.09)

0.92 
(1.02)

1.08 
(1.18)

Weight 
classification

Underweight 2 (1.03) 2 (1.69) 0 (0.00) 1 (0.74) 1 (1.32) 0 (0.00)
Healthy weight 101 

(52.33)
66 
(55.93)

35 
(46.67)

67 
(49.26)

41 
(53.95)

26 
(43.33)

Overweight 31 
(16.06)

21 
(17.80)

10 
(13.33)

22 
(16.18)

13 
(17.11)

9 
(15.00)

Obesity 59 
(30.57)

29 
(24.58)

30 
(40.00)

46 
(33.82)

21 
(27.63)

25 
(41.67)

MVPA (min/day)
Weekday 30.35 

(15.09)
29.73 
(15.58)

31.34 
(14.34)

31.51 
(15.65)

31.11 
(16.39)

32.02 
(14.78)

Weekend -- -- -- 28.89 
(24.10)

26.23 
(22.67)

32.26 
(25.59)

Int = Intervention condition; TAU= Treatment as usual condition; MVPA = Moderate to 
vigorous physical activity
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Table 2. Variability in MVPA change from baseline to six months, by study condition, sex, 
and weight classification (minutes)

Sample 
Size

Minimum Maximum Mean Standard 
Deviation

Weekday MVPA
Overall 193 -60.83 104.17 4.77 26.67

Sex
Male 91 -60.83 104.17 8.14 28.35
Female 102 -58.76 82.33 1.76 24.82

Weight 
classification

Underweight 2 -17.50 8.33 -4.58 18.27
Healthy 
weight

101 -50.95 104.17 8.39 26.34

Overweight 31 -60.83 82.33 4.99 32.91
Obesity 59 -52.11 54.70 -1.22a 23.01

Intervention 118 -60.83 104.17 9.63bbb 29.03
Sex

Male 56 -60.83 104.17 12.57b 31.47
Female 62 -50.95 82.33 6.98bb 26.62

Weight 
classification

Underweight 2 -17.50 8.33 -4.58 18.27
Healthy 
weight

66 -50.95 104.17 12.94bb 29.29

Overweight 21 -60.83 82.33 12.10 35.24
Obesity 29 -41.93 54.70 1.29 22.68

TAU 75 -58.76 49.81 -2.87 20.38
Sex

Male 35 -52.11 49.81 1.07 21.03
Female 40 -58.76 36.00 -6.32 19.41

Weight 
classification

Underweight 0 -- -- -- --
Healthy 
weight

35 -32.00 49.81 -0.19 16.86

Overweight 10 -58.76 24.70 -9.93 22.04
Obesity 30 -52.11 41.00 -3.64 23.45

Weekend MVPA
Overall 136 -98.19 104.00 -1.43 34.23

Sex
Male 59 -69.50 104.00 4.44 37.83
Female 77 -98.19 102.61 -5.87 30.75

Weight 
classification
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Underweight 1 -27.50 -27.50 -27.50 --
Healthy 
weight

67 -98.19 104.00 4.57 38.87

Overweight 22 -67.15 63.04 -1.36 29.94
Obesity 46 -71.00 45.07 -8.88a 27.46

Intervention 76 -93.07 104.00 1.81 32.41
Sex

Male 37 -69.50 104.00 7.39 35.35
Female 39 -93.07 102.61 -2.50 28.79

Weight 
classification

Underweight 1 -27.50 -27.50 -27.50 --
Healthy 
weight

41 -93.07 104.00 4.58 40.33

Overweight 13 -19.02 36.49 8.66 16.05
Obesity 21 -69.50 28.50 -4.60 19.43

Control 60 -98.19 98.05 -5.60 36.29
Sex

Male 22 -67.15 98.05 -0.54 42.07
Female 38 -98.19 65.50 -8.52 32.74

Weight 
classification

Underweight 0 -- -- -- --
Healthy 
weight

26 -98.19 98.05 4.57 37.23

Overweight 9 -67.15 63.04 -15.83 39.61
Obesity 25 -71.00 45.07 -12.48 32.72

a significantly different from healthy weight status at <0.05
b,bb, bbb significantly different from TAU at <0.05, <0.01, and <0.001 respectively
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Figure 2. Minutes of weekday MVPA over the course of the intervention by study condition
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A. Overall sample; B. Among males; C. Among females; D. Among participants with healthy weight classification at baseline; E.

Among participants with overweight classification at baseline F. Among participants with obesity classification at baseline; 

Int=intervention condition, TAU=treatment as usual condition, *, ** = significantly different from TAU at <0.05 and <0.01 

respectively
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Figure 3. Change in standardized BMI (zBMI) over the course of the intervention by study condition
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significantly different from TAU at <0.05
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Appendix 3. DETAILS OF THE INTENSIVE LIFESTYLE INTERVENTION

1. Theoretical Basis
The theoretical basis for the Intensive Lifestyle Intervention was Social Cognitive Theory. Social

Cognitive Theory proposes that social behavior, personal factors, and the environment reciprocally and 
interactively influence health behaviors.1,2 Obesity, which has multiple etiological factors, is due partly to 
problematic behavioral patterns, primarily related to eating and physical activity. Social Cognitive Theory 
suggests that obesity-related behaviors are likely to be influenced by a combination of personal factors, 
including values, outcome expectations, and evaluations of outcomes, behavioral factors, and 
environmental factors (e.g., modeling and reinforcement). ILI sought to treat obesity by focusing 
primarily on behavioral factors through the interaction of social and environmental factors on obesity-
related behaviors. 

Utilizing behavioral principles from Social Cognitive Theory, ILI addressed the interplay between 
social behavior (e.g. family interaction), personal (e.g. eating and physical activity behaviors) and 
environmental factors (e.g. access to healthier foods and physical activity). ILI sought to improve exercise 
and eating behaviors, teach students to effectively support each other in their attempts to better manage 
weight, and to restructure personal environments to promote lifestyle changes. The specific behavioral 
principles are outlined in the behavioral component section.  

2. Behavioral Component
The behavioral intervention was provided as an overlay throughout the intervention. Specifically the

following behavioral principles were utilized and taught: 
a. Self-monitoring: Self-monitoring is the systematic observation and recording of specified target

behaviors. The information that is provided allows the health educator to make specific
recommendations for the future. Because self-monitoring can be inaccurate given it is a child and/or
parent report, it is typically not used as a dependent variable (something used to measure change) but
instead is used as an independent variable (something that impacts change). Weight, food and
physical activity records are the most important aspects of self-monitoring in this program.
Participants were weighed every week and asked to chart their weight to see their progress. Every
participant has their own goal such as, “maintenance of weight” or “decrease weight.” The
participants are also asked to record the foods they eat everyday and the amount of physical activity
they perform everyday. These records are used to increase awareness of behaviors and identify areas
for improvement. This allows the participant to be actively involved in their own behavior change.

b. Stimulus Control: Stimulus control is a term that is used to describe the manipulation of one’s
environment to maximize the likelihood of behavior change. This involves families changing the
home environment and schools changing the school day environment. Participants were taught what
foods should be readily available in the home and what foods should be kept out of the home or out of
reach. Participants were taught how to make these changes at home. This information was also shared
with parents through handouts that were sent home and monthly family meetings. With regards to
physical activity, participants were taught how to create cues in the home environment to participate
in physically active activities. Participating schools made efforts to provide a healthy breakfast, lunch,
and snack options, as well as to incorporate activity periods into the school day for all students.

c. Contingency Management: Contingency management refers to multiple strategies that change
behavior by modifying its consequences. Aspects of contingency management include positive
reinforcement and contracting. Positive reinforcement involves providing the child with something
preferred when a healthy behavior is exhibited. A token economy was developed in which
participants earn points when a desired behavior was recognized by the interventionist. These points
are exchanged for prizes such as pencils, invisible ink, and t-shirts. Another form of contingency
management is contracting, a technique typically employed with students who demonstrate difficulty
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following the guidelines of the program. When undesired results are recognized, a contract is put in 
place by the health educator. The contract includes specific nutrition and physical activity goals for 
the child, mutually agreed upon by the student, parents, and health educators. The child, parents, and 
health educator specify what they will do to achieve/support the student in achieving the goals. 
Rewards for achieving goals are also specified in the contract. Progress toward achieving the goal is 
closely monitored and once the goals are achieved, the participants receive the agreed upon reward. 

d. Modeling: Modeling can be defined as a way of learning in which individuals determine how to act
based on observing others. Modeling is important in every interaction the participant is involved in.
Family, teachers and the health educators are all important in helping to model the behaviors for the
participant. Parents are taught to model healthy attitudes and behaviors related to eating and physical
activity. They are also asked to support the participant in leading a more active lifestyle. Health
educators model healthy attitudes towards eating and physical activity as well as demonstrating those
same behaviors in the classroom and around the school.

e. Social Support: Social support is essential for long term maintenance of weight change. Without
others supporting the behavioral changes made during active treatment, it is likely that individuals
will slowly return to the behaviors they engaged in before treatment. This is why modeling and
stimulus control become very important in changing behaviors and maintaining that change in our
program. Participants were taught how to talk to family members about changing habits in order to
support healthier eating and physical activity. Students were taught how to encourage healthy
behaviors through peer relationships that support a healthy lifestyle (i.e. walking partners, soccer
buddies, and lunch tablemates).

f. Goal Setting: Making a plan and determining realistic goals that can be met within a specified time
frame are typically important parts of weight management programs for children. Goals are beneficial
in that they give families a specific behavior on which to focus and provide structure for meetings.
Discussing goals provides an opportunity for families to review pros and cons of the previous week
and strategize how to proceed in the future. Participants use goal setting to help guide their progress
in the program and to make small changes each week. Making gradual changes improves the
likelihood that that behavior will be maintained over time. Goals are monitored closely to determine
if they are being met. If goals are not being met, problem solving is used to develop a plan to address
why the goal is not being met. At times contracting is used in combination with goal setting.

3. Nutrition Component
The nutrition education consists of teaching participants to: 1) gradually lower their percent of

calories from fat and to distinguish between saturated and other fats 2) select a variety of foods from all 
food groups 3) learn to read food labels in order to select low fat/sugar foods and beverages 4) learn 
appropriate portion sizes 5) learn how to choose healthy foods away from home 6) understand that all 
foods are allowed, but certain foods should be limited while more of others can be eaten using a food 
coding system 7) learn to recognize hunger and 8) learn to recognize the signals the body sends when it 
has become satiated. The nutrition component is consistent with the USDA’s nutrition and dietary 
guidelines.3  

The above concepts will be made more concrete and easily understood through the use of our food 
coding system. Participants will learn to categorize commonly eaten foods into groups with varying 
degrees of health benefit. The food groups will be labeled “big bite”, “portion right”, and “little bite” 
foods with rules for determining how to categorize them. Creating a coding system to group foods has 
been demonstrated as an effective way to train children about nutrition.4,5 “Big bite” foods consist of most 
fruits and non-starchy vegetables. “Portion right” foods include low-fat meats, low-fat dairy, and starches. 
“Little bite” foods consist of foods with 5 or more grams of fat or 15 or more grams of sugar per serving.  

The nutrition education will focus on maintenance of healthy eating and physical activity behaviors 
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through continued self-monitoring of diet, physical activity, and weight. Not only is self-monitoring a 
critical component to weight loss and maintenance of healthy behaviors,6,7 but frequent weighing has also 
been shown to have benefits in maintenance.8 In order to accomplish the above goals, children took a 
problem solving approach for barriers to behavior change/maintenance in the past month. After problems 
have been identified, a goal setting approach occurred. Students were instructed to take small measurable 
steps to reach a goal that can be evaluated monthly. Students learned to develop exercise routines, use 
healthy cooking techniques, and use technology such as heart rate monitors to monitor progress. 

 
Table A1. Example of Structure and Content of Nutrition Lessons 
Week Topic Lesson Aims Class Structure 
1 Introduction to Dietary 

Practices 
• Identify foods that 

contain protein, 
vitamins, minerals and 
key elements to optimal 
body function. 

• Understand a system for 
food categorization 

Students will be provided with 
examples of commonly eaten 
foods. From these foods, children 
will learn to determine whether 
these foods are a primary source 
of key elements to optimal body 
function and to classify these 
foods into 3 categories. 

2 Analyzing Healthy Dietary 
Practices 

• Introduction to self-
monitoring  

• Thinking healthy and 
making healthier choices 

 

Students will fill out a food diary 
for the last 3 days. From this 
diary, students will classify their 
foods and determine which foods 
should be increased and 
decreased. Each food in the diary 
will be examined for the key 
elements to body function.  

3 Self-Monitoring food intake 
and physical activity 

Self monitor other areas 
associated with health 
Primary Aim 2: Understand 
a system for food 
categorization. 
 

Students will bring in a food 
diary for the last 7 days, and this 
will be discussed in terms of food 
categorization. Students will be 
given simple methods for 
monitoring other health behaviors 
(i.e., sedentary behaviors, 
physical activity). With all of this 
information, students will 
develop an individualized health 
plan. 

4 Weight Tracking 
 

Understand the factors 
associated with body 
weight 
Incorporate another form of 
self monitoring 
 

Barriers and facilitators to 
students’ health plan will be 
discussed. The importance of 
weight monitoring will be 
discussed and students will be 
provided with a record form to 
track weight.  

5 Goal Setting SMART goals 
Primary Aim 2: Use goals 
to improve health 
 

Students will identify 2 areas to 
establish short term goals for the 
next week. The importance of 
parental (or other influential 
adults) in establishing and 
accomplishing these goals will be 
discussed. 
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Week Topic Lesson Aims Class Structure 
6 Portion Sizes Learn to estimate 

appropriate portion sizes of 
commonly eaten foods 
Primary Aim 2: Learn to 
make healthier choices 

Students will learn to identify 
appropriate portion sizes of 
commonly eaten foods. Students 
will practice measuring portion 
sizes and recording portion sizes 
on food diaries. 

7 Perfect Plate Select the appropriate 
portion sizes of protein, 
starches, and vegetables to 
create a balanced meal 
Primary Aim 2: Make small 
changes at mealtimes to 
improve diet 

Students will create variations of 
a “perfect plate” composed of ½ 
fruits/vegetables, ¼ protein, and 
¼ starch and apply knowledge of 
appropriate portion sizes. 

8 Reading Food Labels Identify foods that contain 
protein, vitamins, minerals 
and key elements to optimal 
body function. 
Primary Aim 2: Understand 
a system for food 
categorization. 

Teach participants to read food 
labels to encourage adherence 
with nutrition recommendations. 
Reemphasize food categorization 
while discussing stimulus control. 
Example: instructing participants 
to health proof their home from a 
food and physical activity 
perspective. 

9 Healthy Snacking and 
Satiety 

Demonstrate knowledge of 
foods that promote satiety 
Primary Aim 2: Choose 
healthy snacks 

Students will experiment with a 
variety of snack choices over a 
period of 7 days, noting hunger 
level before snack, after snack, 
and 1 hour later. Understand how 
satiety promoting snacks may 
decrease overall daily caloric 
intake 

10 Hydration Understand importance of 
hydration to optimal body 
function 
Primary Aim 2: Learn to 
make healthy beverage 
choices 

Introduce hydration and the role 
of hydration in body systems. 
Understand the importance of 
hydration to performance during 
physical activity. Learn about the 
role of hydration in satiety. 
Discuss “hidden calories” in 
beverages. 

11 Restaurants/Eating Out Skills for making healthy 
choices when eating away 
from home 
Primary Aim 2: Understand 
how the environment can 
influence eating habits 
 

Using menus from local 
restaurants, students will learn to 
identify healthy options. Students 
will learn to how to request 
modifications to menu items in 
order to reduce fat and sugar 
content. Strategies to avoid 
overeating will also be discussed. 
Students will learn about the 
effect of advertising on their food 
choices. 
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Week Topic Lesson Aims Class Structure 
12 Fast Food Identify healthy options at 

fast food restaurants 
Primary Aim 2: Understand 
how the environment can 
influence eating habits 
 

Students will be provided with 
nutritional information from fast 
food restaurants that surround 
their school. Students will record 
nutritional facts for their favorite 
meals at these restaurants and 
identify acceptable modifications 
that can be made to decrease fat 
and sugar consumption. 

4. Physical Activity Component 
The physical activity component focused on incrementally increasing physical activity and decreasing 

sedentary activity to eventually achieve the CDC’s recommendation of at least 60 minutes of moderate to 
vigorous physical activity daily for children.9 Students participated in 40-minute physical activity training 
sessions. Participants learned to gradually improve their performance to become more comfortable with 
and more skilled at performing physical activity, and were eventually encouraged to engage in physical 
activity for at least 60 minutes daily. Participants were taught to regulate exertion/intensity by monitoring 
heart rate during physical activity, with intensity ranging from 65-80% of maximum heart rate for each 
individual, which is recommended by the American College of Sports Medicine. The first phase was 
designed to increase endurance, coordination, and overall confidence in physical activity preparing for 
more applied activities. A circuit training approach was used that incorporated aerobic and strength 
training exercises, which has been used to increase physical activity in children and adolescents in other 
studies.10 A second phase focused on application of the principles and concepts initially provided. 
Activities encompassed games, sports, recreation, and planned exercise activities designed to be 
conducted in participants’ communities and natural environments. The circuits were modified to focus 
primarily on sports skill development for either school/ community sponsored teams (e.g. dance, soccer, 
softball) or leisure (e.g. jumping rope, basketball, kickboxing). Studies have shown that lifestyle activity 
like that recommended in ILI has lasting effects on fitness and weight management in children.4  
 
Daily Physical Activity Lesson Schedule 
1. Warm Up- involves brief cardiovascular work to warm the body and the muscles before stretching. 

Failure to warm the muscles before stretching increases the risk of injury. 
2. Stretches- focusing on all major muscle groups specific to the circuit that day. Stretches should be 

held for a twenty-second count. 
3. Stations- participants will be separated into groups consisting of ~10 participants. Groups will rotate 

through ~10-12 stations ensuring a balance of intensity (Low, Medium, High) and target body zone 
(Lower Body, Upper Body, Core). The stations will remain the same for a week to allow participants 
to become accustomed to the exercise and will be changed weekly to provide novel skills for 
participants to practice. Sample stations include: 
• Station 1: Back Pedal (Low Intensity)—jogging backwards 
• Station 2: Vertical Arm Pumps (High Intensity)—with the arms extended and the palms facing 

towards the sky, the participant should tighten all the muscles of their arms and make short, quick 
pumps upward. 

• Station 3: Alternating Side-kicks w/ Partner (Medium Intensity)—partners join hands while facing 
each other. Together, the partners kick out their right foot to the right of their partner and then the 
same for the left foot. This should be done quickly and repeated 

• Station 4: Ball/Bucket Relay (Medium Intensity)—with a bucket placed 10’ from the starting line, 
a participant takes a ball from the start and places it in the bucket and runs back to the start. 
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He/she then runs back the bucket, takes the ball and tosses it to their partner waiting at the start. 
The partner repeats. 

• Station 5: Squat w/ Kick (High Intensity)—with their hands in a guard position, the participant 
squats down and kicks on the up-phase of the squat. Legs are alternating on the kicks 

• Station 6: Crunches Station (Medium Intensity)—while lying on the floor and hands placed 
behind the head, the participants should lift their shoulders off the floor and point their chins to 
the sky. A full sit-up motion should not be performed 

• Station 7: Hoola-hoop Hopscotch (Low Intensity)—arrange the hoops on the on the ground so the 
participant can run through placing one foot in each hoop. 

• Station 8: Wall Sit (Medium Intensity)—the participants lean against a wall with their thighs 
parallel to the floor and hold. 

• Station 9: Tricep Kick-backs (Low Intensity)—leaning over at a 45 degree angle with the arms 
close to the body and the elbows tucked close to the sides. Extend the hands backwards while 
tightening the back of the arm. Repeat as necessary. 

• Station 10: Crab Walk (Low Intensity)—with the back parallel to the floor and stomach up, walk 
backwards/forwards using your hands and feet. 

• Station 11: Flying Jumping Jacks (High Intensity)—during the open phase of a jumping jack 
when the arms are above the head and the feet are apart, the participant leaps up and perform the 
open phase in the air. The participant lands on the floor in the closed phase of the jumping jack 
with their feet together and arms at their sides. 

• Station 12: Leg Lifts (Medium Intensity)—while lying on the floor and hands placed under the 
buttocks, the participants should alternate lifting the legs and placing then back on the floor. 

 
Example of Physical Activity Lesson Structure 
Participants will learn to gradually increase their performance to become more comfortable with and more 
skilled at performing physical activity: 
Week 1-2: Engage in basic exercise to get moving and teach participants to monitor exertion using heart 

rate monitors. Chart minutes and type of activity for each participant and heart rates. 
Week 3-4: Focus on building endurance for physical activity and continue with intensity monitoring. 

Assign lifestyle physical activity homework for an additional 2 days of the week, 
Week 5-6: Focus on building endurance for physical activity and continue with intensity monitoring. 

Assign lifestyle physical activity homework for an additional 2 days of the week, 
Week 7-8: Focus on building endurance for physical activity and continue with intensity monitoring. 

Assign lifestyle physical activity homework for an additional 2 days of the week, 
Week 9-10: Focus on building endurance for physical activity and continue with intensity monitoring. 

Assign lifestyle physical activity homework for an additional 2 days of the week 
Week 11-12: Focus on building endurance for physical activity and continue with intensity monitoring. 

Assign lifestyle physical activity homework for an additional 2 days of the week 
 
5. Parental Component 

To involve parents in their child’s treatment, 12 weekly 60 minute meeting were held for parents. 
These gatherings were conducted at the school to teach parents the nutrition/health and physical activity 
information that their children learned in class. Parent meetings took place on weekdays at a time 
convenient for parents (mornings, afternoons, or evenings). Parents were provided information about food 
choices and methods of food preparation to decrease fat and sugar content. They were presented with 
healthy snack options to encourage consumption of these foods instead of calorically dense foods with 
little nutritional value. Parents learned the importance of including physically active leisure for their 
families, and they shared ideas for incorporating these changes. Parents were provided individual 
information regarding their child's progress in the program and problem-solving advice was given to 
increase healthy behaviors for their target child as well as the entire family. Behavioral techniques were 
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used with parents to assist their families to improve health by providing healthier options for eating and 
activity. Specifically, parents were taught to use self-monitoring to keep track of their own weights and 
the foods they ate so that they could model this strategy for their children. They were also taught stimulus 
control strategies and how to reward dietary changes that promote improved health. 

6. Cultural relevance
We based our overall approach for creating a culturally relevant intervention on several core values.

Hispanic culture promotes the value of collectivism which emphasizes the importance of the group before 
the individual.11 As such, the group format of intervention which promotes social support in health 
behaviors is ideal for this population. Familismo is another core value which includes the commitment to 
support family members both emotionally and financially, reliance on family for help, and deferring to 
family for how one should think or behave.11 In order to respect the value of familismo, an emphasis is put 
on family not individual health, and regular family meetings were held. One of the key goals of these 
meetings was to promote simpatia or positive interactions among the parents and research and school 
staff.11 Family nutrition was emphasized rather than nutrition for the individual. Bilingual dietitians with 
expertise in Mexican American culture assist parents with categorizing traditional foods, creating 
guidelines for reasonable serving sizes of traditional foods, offering healthy suggestions for ways to cook 
traditional foods, and ensuring all suggestions are affordable and do not result in an increase in the cost of 
groceries. Nutrition experts also visited local restaurants and grocery stores to learn about what families 
have access to and tailor materials to making healthy choices in their environment. Physical activity 
instruction also was tailored with an emphasis on activities that can be done as an entire family or in a 
group. All materials were available in both English and Spanish and a bilingual interventionist was 
available to communicate with parents and students.  
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