Appendix A. Active Physical Education Intervention Specification and Background
Modeled Intervention
We modeled the effect of implementation of a state policy requiring 50% of physical education (PE) time to be devoted to moderate-to-vigorous physical activity (MVPA) at the elementary and middle school levels.  The intervention was based on policies passed by the state legislatures in Texas (SB 891) and Oklahoma (SB 1876), where state policy directs the U.S. state boards of education (i.e., boards with regulatory or policy authority in educational settings in each state) to include a requirement that 50% of PE time be devoted to MVPA in the state PE curriculum for elementary and middle school levels.  Implementation of the active PE policy consists of training PE teachers on strategies and curricula to implement active PE; training school principals on how to assess whether PE teachers are using active PE strategies in their lessons; providing equipment and curricular materials needed to maintain active PE; and state PE coordinator effort for oversight, implementation and monitoring of the policy.  

Background 
The Institute of Medicine recommends that elementary schools provide an average of 30 minutes per day (150 minutes per week) and middle schools provide an average of 45 minutes per day (225 minutes per week) of high-quality curricular physical education (PE), during which students spend at least half of class time engaged in MVPA.1 However, less than one-quarter of students are provided with the recommended amount of PE,2 and during an average PE class, students spend less than half of class time engaged in MVPA.3-6 PE activity levels can be increased by reducing lesson time spent in management and knowledge activities such as organizing students and reviewing rules and techniques and by ensuring that PE classes are led by trained PE specialists (i.e., teachers certified or licensed to teach PE).4,5,7  In recent years, several states have introduced bills addressing active PE policies,8 and districts have increasingly addressed MVPA levels during PE in their wellness policies.9

Assessment of Benefit 
The impact of the active PE policy on BMI was modeled based on the logic model in Appendix Exhibit A.1.  We screened 6,460 references for experimental evidence of the effect of policies and programs to increase physical activity intensity during PE on outcomes of interest, including changes in physical activity and BMI. Fourteen relevant references were summarized, and one of those studies was used in the model.  We used evidence from one meta-analysis of active PE trials,7 which found that when teaching strategies were used to increase MVPA levels, the average MVPA increase was 6.27% of class time. Average PE class time was estimated at 94.4 minutes/week for elementary school students10 and 150 minutes/week for middle school students.11 Based on evidence suggesting that children do not compensate for increased school day physical activity during other times of the same day,12-16 we assumed that total daily MVPA increased by the same amount as during PE. BMI change was estimated based on evidence from one study17 that every 1 MVPA minute/day increase is associated with a 0.02 BMI unit reduction. Key model input parameters are detailed in Appendix Exhibit A.2.  Changes were assumed to occur across 5 school days per week, and change on school days was converted to average daily change by multiplying by 180 school days per 365.25 calendar days per year.

Appendix Exhibit A.1. Logic Model Linking Active Physical Education Policy to Change in BMI∆ PE teacher practices promoting Active PE
∆ State policy requiring Active PE in schools

 ∆ BMI
∆ Student MVPA min/day
∆ PE teacher training on Active PE; PE equipment 






SOURCE Authors’ model NOTES PE is physical education; MVPA is moderate-to-vigorous physical activity; BMI is body mass index (kg/m2). Bolded pathways in the logic model demonstrate the evidence pathways used in the model. 

Reach 
The intervention reaches children in grades kindergarten through 8 (ages 5-14) who attend public elementary and middle schools in states without an active PE policy and whose teachers implement the policy.  We consider Texas, Oklahoma, Arizona, and the District of Columbia to have a current active PE policy,18,19 and these states are not eligible for the intervention.  We include the estimated 77% of kindergarten students that are enrolled full day,20 and estimate that 96% of students attend PE class regularly21,22 and 70% of trained PE teachers actually implement the policy. 23,24   

Costs
We estimated the cost of the intervention based on the SPARK and CATCH PE models and reasonable assumption about how the models would be scaled to a state level.  We estimate that implementation of the intervention requires additional state-level coordinator time for oversight of training and policy implementation and for monitoring compliance to the policy, costing $436,000 annually.  Each participating teacher would attend a one-time full-day training in the first year of implementation and each school would purchase portable equipment and materials to promote MVPA in PE.  After the first year of implementation, the full training would be attended only by teachers newly hired in a district each year, and a shorter, refresher training would be attended by teachers remaining in the same district.  Each year, principals would attend a brief training on how to assess MVPA in PE as part of their annual evaluation of PE teachers.  

Appendix Exhibit A.2. Key Model Variables to Evaluate Active Physical Education Policy Reach and Effect on BMI


	Parameters
	Mean Value
	95% Uncertainty Interval
	Sources and Modeling Assumptions

	Reach
	
	
	

	Percent of students enrolled full day
	100% (grades 1-8)
77 (Kindergarten)
	N/A
	Kindergarten estimate based on national data from the Current Population Survey October Supplement20

	Percent of students receiving PE
	96%
	(95%, 97%)
	Samples drawn from a uniform distribution (min=95, max=97) based on estimates reported by school administrators in New York21 and California22

	Percent of trained PE teachers that implement the policy
	71%
	(58%, 86%)
	Samples drawn from a beta distribution (min=54, mode=70, max=95) based on two studies of ongoing implementation of the CATCH active PE curriculum23,24

	Effect
	
	
	

	Weekly minutes of PE provided to elementary school students
	94.2
	(4.3, 193.4)
	Samples drawn from a normal distribution (mean=94.4, SD=45.6) based on estimates from one nationally representative survey of school administrators10

	Weekly minutes of PE provided to middle school students
	149.5
	(59.9, 249.0)
	Samples drawn from a normal distribution (mean=150, SD=45.6) based on estimates from one nationally representative survey of school administrators11

	Increase in percent of PE class time spent in MVPA
	6.26
	(4.14, 8.61)
	Samples drawn from a normal distribution (mean=6.27, SE=1.08) based on estimates from one meta-analysis of interventions designed to increase MVPA during PE using instruction strategies7

	Change in BMI per 1 minute change in MVPA
	-0.02
	(-0.04, -0.003)
	Samples drawn from a normal distribution (mean=-0.02, SE=0.0077) based on one study of a school-based intervention17


SOURCE Sources for each model input parameter are noted in the table. NOTES Mean value and 95% uncertainty interval based on 1,000 simulations drawn from parameter-specific distributions.  PE is physical education; SD is standard deviation; MVPA is moderate-to-vigorous physical activity; SE is standard error; BMI is body mass index. 
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Appendix B. Active Recess Intervention Specification and Background
Modeled Intervention
We modeled the effect of implementation of a district-level program where elementary schools promote physical activity during recess via installation of playground markings, provision of portable play equipment, and/or provision of structured activities designed to increase students’ activity levels.  The intervention was based on interventions implemented in several research studies.1-9  Implementation of the active recess intervention consists of providing equipment, installing markings, and/or training teachers on recess supervision strategies to increase physical activity.  We assumed each participating school would implement one or more of the three strategies, based on the strategy combinations implemented in the model interventions.

Background 
School recess provides a consistent opportunity for children to engage in physical activity during the school day.10,11 Defined as “regularly scheduled periods within the elementary school day for unstructured physical activity and play,”12 recess is offered daily by most (85%) public elementary schools.13 Recess duration and timing is variable, allocated as isolated breaks and/or in association with lunch and generally in bouts of 10-15 minutes or more.14,15 Elementary school children typically spend more time in recess than physical education classes each week,16 with 71% of school districts report providing daily recess for at least 20 minutes.13  However, no federal or state funding is appropriated for recess,16 and schools often lack optimal levels of resources (e.g., supervision, play facilities, equipment) that encourage physical activity among children.17 On average, children spend less than 50% of recess engaged in MVPA.6  

Assessment of Benefit 
The impact of the active recess intervention on BMI was modeled based on the logic model in Appendix Exhibit B.1.  We screened 2,417 references for experimental evidence of the effect of school recess policies and programs on outcomes of interest, including changes in physical activity and BMI. Twenty-two relevant references were summarized, and 9 of those studies were used in the model.  We used evidence from 9 experimental studies1-9 evaluating programs to increase activity levels during recess among elementary school students. These studies all measured changes in objectively-measured physical activity during recess time following interventions that installed playground markings,1,3-7,9 provided portable play equipment,1-5,8,9 and/or provided structured activities designed to increase student activity levels.2-4,8,9 All effect estimates were converted to change in percent of recess time spent in MVPA. The studies were deemed too heterogeneous to summarize using meta-analytic techniques, so in our model we sample from a beta distribution with a most likely value of 9.3% (based on the median among the 9 studies) and low and high estimates 1.2% and 41.3% (based on the minimum and maximum among the 9 studies). The average amount of recess for elementary school students was estimated at 19.4 minutes/day.18 We assume the magnitude of the change in total daily physical activity equals the change achieved during the school day (i.e., no compensation occurs).19-23 BMI change was estimated based on evidence from one study24 that every 1 MVPA minute/day increase is associated with a 0.02 BMI unit reduction.  Key model input parameters are detailed in Appendix Exhibit B. 2.  Changes were assumed to occur across 5 school days per week, and change on school days was converted to average daily change by multiplying by 180 school days per 365.25 calendar days per year.

Appendix Exhibit B.1. Logic Model Linking Active Recess Intervention to Change in BMI
 ∆ Student MVPA min/day
∆ School recess practices and environments: playground markings, play equipment, and provision of structured activities during recess  
∆ District programs to promote Active Recess in elementary schools

∆ BMI






SOURCE Authors’ model NOTES MVPA is moderate-to-vigorous physical activity; BMI is body mass index (kg/m2). Bolded pathways in the logic model demonstrate the evidence pathways used in the model.

Reach 
The intervention reaches children in grades kindergarten through 5 (ages 5-12) who attend public elementary schools not already implementing active recess strategies that choose to newly adopt the active recess program.  We estimate that 90% of elementary schools are not already implementing active recess strategies, and assume that 50% of eligible schools newly adopt the active recess program.   

Costs
We assume that schools would implement one or more of the three active recess strategies as observed in the 9 studies used to estimate the effect1-9 – 56% of schools implemented teacher training for promoting structured activities during recess, 78% installed playground markings on play spaces used for recess, and 78% provided portable equipment for use in recess time. For structured activity promotion, all teachers and recess monitors would receive a full training in the first year of implementation. In following years, new teachers and all recess monitors would receive the full training and returning teachers would receive a shorter refresher training. Playground markings would be painted onto outdoor play spaces by volunteers (e.g., parents) supervised by school staff using commercially available kits and would last for 10 years before needing replacement.  Portable equipment would be purchased at the start of implementation and replaced after 5 years.  

Appendix Exhibit B.2. Key Model Variables to Evaluate Active Recess Intervention Reach and Effect on BMI


	Parameters
	Mean Value
	95% Uncertainty Interval
	Sources and Modeling Assumptions

	Reach
	
	
	

	Percent of elementary schools that do not currently have active recess strategies
	90%
	N/A
	Based on reasonable assumption and reported policies and practices from a study of 9 states25

	Percent of eligible schools that will adopt active recess strategies
	50%
	N/A
	Based on reasonable assumption

	Effect
	
	
	

	Daily minutes of recess provided to elementary school students
	19.4
	(10.8, 27.8)
	Samples drawn from a normal distribution (mean=19.4, SD=4.2) based on estimates from one multi-site study18

	Change in percent of recess time spent in MVPA
	13.4
	(2.6, 29.0)
	Samples drawn from a beta distribution (lower bound=1.2, mode=9.3, upper bound=41.3) based on estimates from 9 experimental studies1-9

	Change in BMI per 1 minute change in MVPA
	-0.02
	(-0.04, -0.005)
	Samples drawn from a normal distribution (mean=-0.02, SE=0.0077) based on one study of a school-based intervention24



SOURCE Model input parameters are noted in the table. NOTES Mean value and 95% uncertainty interval based on 1,000 simulations drawn from parameter-specific distributions.  SD is standard deviation; MVPA is moderate-to-vigorous physical activity; BMI is body mass index; SE is standard error. 
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Appendix C. Active School Day Intervention Specification and Background
Modeled Intervention
We modeled the effect of implementation of a district-level policy requiring schools to provide at least 30 daily, or 150 weekly, minutes of physical activity to students in public elementary and middle schools during the school day.  The intervention was based on a model implemented in one quasi-experimental study.1  Implementation of the active school day policy consists of training PE teachers on strategies and curricula to implement active PE, providing materials and equipment for active PE, training Wellness Champions and recess monitors on physical activity policies and active recess or classroom activity strategies, and coordinating the policy through district-level physical education and physical activity staff support.  

Background 
The Centers for Disease Control and Prevention recommend that schools adopt a Comprehensive School Physical Activity Program (CSPAP),2 in which schools take a multi-component approach to help students meet national recommendations3 for 60 minutes of daily physical activity. A CSPAP promotes quality physical education as well as other opportunities for physical activity during and before and after the school day. 2,4 The Institute of Medicine similarly recommends a “whole-of-school approach” where schools provide students with 60 daily minutes of physical activity, with at least half occurring during the school day.5  States and school districts have adopted the CSPAP approach by specifying a minimum amount of physical activity time that must be offered to students during the school day. The most recent district wellness policy data indicate that 12% of elementary school students and 9% of middle school students attend schools in districts with a strong policy on the amount of time specified for physical activity during the school day.6

Assessment of Benefit 
The impact of the active school day policy on BMI was modeled based on the logic model in Appendix Exhibit C.1.  We screened 4,998 references for experimental evidence of the effect of policies and programs to provide a minimum amount of physical activity during the school day on outcomes of interest, including changes in physical activity and BMI. Fifteen relevant references were summarized, and one of those studies was used in the model.  We used evidence from one quasi-experimental study evaluating a policy change to promote 150 minutes per week of MVPA during the school day in one large school district.1 This study measured changes in objectively-measured physical activity during the school day following the policy change, which was accompanied by the district supporting implementation through provision of evidence-based curricula and equipment, teacher training, and technical assistance. Students in intervention schools added 3.9 MVPA minutes/day over time compared to controls. We assume the magnitude of the change in total daily physical activity equals the change achieved during the school day (i.e., no compensation occurs).7-11 BMI change was estimated based on evidence from one study12 that every 1 MVPA minute/day increase is associated with a 0.02 BMI unit reduction. Key model input parameters are detailed in Appendix Exhibit C.2.  Changes were assumed to occur across 5 school days per week, and change on school days was converted to average daily change by multiplying by 180 school days per 365.25 calendar days per year.

Appendix Exhibit C.1. Logic Model Linking Active School Day Policy to Change in BMI
 ∆ School staff practices that promote PA during school
∆ School staff training on strategies and curricula to promote PA during school; new equipment
∆ School district policies requiring 150 weekly minutes of PA provided to students

∆ Student MVPA min/day

∆ BMI






SOURCE Authors’ model NOTES PA is physical activity; MVPA is moderate-to-vigorous physical activity; BMI is body mass index (kg/m2). Bolded pathways in the logic model demonstrate the evidence pathways used in the model.

Reach 
The intervention reaches children and youth in grades kindergarten through 8 (ages 5-14) who attend public elementary and middle schools in school districts without a policy requiring minimum amount of physical activity during the school day.  We include the estimated 77% of kindergarten students that are enrolled full day,13 estimate that 88% of elementary school students and 91% of middle school students attend school districts without a current active school day policy,6 and assume 100% of eligible districts will adopt the policy.   

Costs
We estimate that implementation consists of strategies to make PE class more active as well as promote physical activity outside of PE class. Active PE implementation includes providing a full-day of training for all PE teachers in the first year of implementation and for all new PE teachers in following years, and purchasing materials and equipment for more active PE. Other physical activity strategies would be implemented by Wellness Champions at each school, who would receive an annual stipend for their effort. In the first year of implementation, Wellness Champions would attend a training on either recess or activity break strategies, at which they would receive materials for implementing these strategies, and also a training on policy to promote physical activity at their school. In schools choosing recess strategies, lunch monitors would be trained each year on promoting physical activity at recess. After the first year, we assume each Wellness Champion would attend a single training combining the policy training with either recess or activity break training. In the first year, substantial additional district-level wellness staff time would be necessary to get implementation started – labor from a Wellness Director, Assistant Director, PE Director, and Wellness Champion coordinator, and PE instructional coaches providing support to PE teachers and providing PE in underserved schools. In subsequent years, PE instructional coaches would remain, and a full-time Project Coordinator would replace the partial effort from other central staff.  

Appendix Exhibit C.2. Key Model Variables to Evaluate Active School Day Policy Reach and Effect on BMI

	Parameters
	Mean Value
	95% Uncertainty Interval
	Sources and Modeling Assumptions

	Reach
	
	
	

	Percent of students enrolled full day
	100% (grades 1-8)
77 (Kindergarten)
	N/A
	Kindergarten estimate based on national data from the Current Population Survey October Supplement13

	Percent of school districts without an existing active school day policy
	88% (grades K-5)
91% (grades 6-8)
	N/A
	Based on nationally representative local school wellness policy data13

	Percent of districts that will adopt the policy
	100%
	N/A
	Based on reasonable assumption

	Effect
	
	
	

	Change in MVPA minutes per school day
	3.9
	(1.7, 6.0)
	Samples drawn from a normal distribution (mean=3.9, SE=1.1) based on estimates from one quasi-experimental study1

	Change in BMI per 1 minute change in MVPA
	-0.02
	(-0.04, -0.006)
	Samples drawn from a normal distribution (mean=-0.02, SE=0.0077) based on one study of a school-based intervention12


SOURCE Sources for each model input parameter are noted in the table. NOTES Mean value and 95% uncertainty interval based on 1,000 simulations drawn from parameter-specific distributions.  MVPA is moderate-to-vigorous physical activity; SE is standard error; BMI is body mass index. 
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Appendix D. Healthy Afterschool  

Modeled Intervention
Healthy Afterschool is a state policy that establishes a voluntary recognition program for state-administered 21st Century Community Learning Center Afterschool Programs (CCLC) serving children 5-11 years of age. State agencies oversee the recognition and monitoring systems and establish a website. A state trainer facilitates train-the-trainer sessions to train regional Healthy Afterschool trainers who then conduct learning collaboratives for afterschool program staff, during which staff receive training on policy and environmental strategies to promote healthy eating and physical activity through improved program practices.  Educational materials, incentives, and Continuing Education Units (CEUs) are provided for participants. We assume that 20% of eligible programs will voluntarily participate.  

Background
In 2014, 10.2 million children (18%) participated in an afterschool program.  Forty-five percent of children in afterschool programs are from low-income households. Sixty-one percent of children in afterschool programs are in elementary grades and on average all children participate 3.6 days per week for an average of 7.4 hours per week.  
Studies suggest that the levels of fruits, vegetables, whole grains, and water served at afterschool programs are typically low,4-7 and refined grains are frequently served.5,6  Promoting healthy food and beverage environments, specifically promoting fruit and vegetables, whole grains, and water, while limiting sugar-sweetened beverages in afterschool settings are gaining recognition as potential strategies to promote health among children. 

Furthermore, national guidelines recommend 60 minutes of moderate to vigorous physical activity (MVPA) per day.8,9 However, as children enter adolescence, both daily physical activity (PA) and PA opportunities at school decline dramatically.10,11 Many organizations offer guidelines for the provision of PA in afterschool care. However, state policies mandating adoption of national guidelines are lacking.12,13 While several states have legislation that includes interscholastic sports, the specifications mainly focus on addressing gender equality rather than creating provisions for such opportunities.8 Offering PA opportunities in afterschool may help children achieve the recommended daily levels of PA not achieved during school hours. Despite research showing that increased PA opportunities in OST may lower BMI 14-20 and improve fitness,15-18,19,21 only five states require afterschool programs to provide a minimum time requirement for MVPA opportunities.12 The combined efforts of serving healthy snacks and increasing the provision of physical activity in afterschool setting have the potential to benefit the health of children attending afterschool programs. 

Assessment of Benefit
The CHOICES research team conducted a systematic literature review searching for articles related to healthy eating, physical activity, and obesity prevention interventions that occur in programs operating outside of regular school hours and focusing on the school-age population.  Outcomes of interest included BMI, weight, dietary intake, and physical activity.  Effect sizes from studies with experimental or quasi-experimental design were considered for modeling estimates.  We retrieved 3,628 references from the preliminary search.  We supplemented this search with articles from the Harvard Prevention Research Center libraries and hand searches.  Five studies were found relevant and abstracted; of these, two were used to provide data for the model. Evidence from a randomized-controlled trial (published in both a peer reviewed journal and in a doctoral thesis) that voluntary adoption of standards with training and technical assistance (i.e. menu changes, schedule changes, physical activity) resulted in changes in student consumption of foods/beverages (servings of water, juice, whole grains, as well as kcals per snack consumed and beverages consumed during snack)21 and increases in minutes of vigorous physical activity achieved during program time.22  We assume the magnitude of the change in total daily physical activity energy expenditure and caloric intake equals the change achieved during the program period and that no compensation occurs.

Pathway 1: Adoption of Healthy Afterschool in OST settings to change in kcal intake from foods and beverage consumed.
Reduction in kcal intake at snack after changes in program and policy including snacks and beverages offered:  Mean: -47.7 kcal/day at snack (95% CI: -68.2, -27.2)21

Pathway 2: Adoption of Healthy Afterschool in OST settings to change in vigorous physical activity energy expenditure.
Increases in minutes of vigorous physical activity per day: Mean +3.2 minutes/day of vigorous activity (95% CI: 1.8-4.7)22
Estimated change in VPA minutes (substituting for MPA minutes) is +3.2 (SE: 0.7) (95% CI: 1.8 to 4.7) minutes per afterschool period. Increased kcals/minute =0.05*46kg (assumed average body weight for elementary aged kids)= 2.3 kcals per minute increase.  

Adapted age- and gender-specific linear equations based on data from children aged 7- 18 years using 5-year cohort midpoint estimates to model effects on BMI from changes in total energy balance for ages 5-19 years.23 

Appendix D.1. Logic Model Linking the Healthy Afterschool Recognition Program to Change in Energy Balance and BMI∆ Child kcals/day consumed

∆  Foods served and VPA opportunities at 21st Century ASPs
∆ BMI

∆  Training and technical assistance to 21st Century ASPs 
States establish recognition program for 21st Century ASPs participating in Healthy Afterschool 

∆ Child VPA mins/day





NOTES. ASP is After School Program; VPA is vigorous physical activity; BMI is body mass index (kg/m2). Bolded pathways in the logic model demonstrate the evidence pathways used in the model.

Reach
This intervention strategy impacts children and adolescents (ages 5-11, grades K-5) in 21st Century Learning or state-funded afterschool programs in states that do not have existing guidelines for nutrition or physical activity as specified in the Healthy Afterschool recognition program. We assume that 20% of programs voluntarily agree to participate in the recognition program and implement the OSNAP standards. In the first year, this intervention is estimated to reach 85,000 children aged 5 to 11. 

Costs
Key initial intervention costs include the cost of issuing state level regulations and establishing the state- specific Healthy Afterschool recognition and monitoring website. Other assumed costs include those associated with training and program implementation and monitoring, including staff wages for training time and travel. We assume a train-the-trainer model with the state coordinator training regional Health Afterschool trainers.  Healthy Afterschool trainers are assumed to spend 10 hours conducting three learning collaborative sessions, 2 hours for implementation and assessment, and one hour receiving TA from their state coordinator.  We assume at least two staff members from Healthy Afterschool Programs attend three collaborative sessions attendees.  We account for food costs for snack menu improvements at Healthy Afterschool locations and compliance and monitoring costs at the state level to support the state coordinators efforts to verify sites’ compliance with programmatic requirements for certification.  Additionally we include the cost of the training curriculum and education program materials and the costs of obtaining Continuing Education Units for ongoing certification for program staff members at Healthy Afterschool Program sites.  

Appendix Exhibit D.2. Key Model Variables to Evaluate the Healthy Afterschool Voluntary Recognition Program Reach and Effect on BMI

	Parameters
	Mean Value
	95% Uncertainty Interval
	Sources and Modeling Assumptions

	Reach
	
	
	

	Percentage of 5-11 year olds attending 21st Century Learning Programs 
	2.1% (range from 0.89%-6.70% across states)
	N/A
	National average is 2.1%, Known state-specific estimates are used in microsimulation model 

	Percentage of children attending 21st Century learning Centers who are in elementary school
	44%
	N/A
	National estimate of proportion of 21st century participants who are in elementary school24

	Percentage of 21st century funded programs that will participate in voluntary recognition system
	19.6%
	(10.5%, 28.7%)

	Samples drawn in a uniform distribution based on data from the California DASH proposal25 and data collected by authors on participation other voluntary child care quality improvement initiatives nationally.

	Effect
	
	
	

	Reduction in kcal/day intake at snack from changes in snacks and beverages offered
	-47.5

	(-66.8, -27.8)
	Samples drawn from a normal distribution (mean= -47.7, SE= 10.4) based on one study of an afterschool intervention21

	Change in minutes per day of VPA (substituted for MPA)
	3.2
	(1.9, 4.5)
	Samples drawn from a normal distribution (mean= 3.2, SE= 0.7)22

	Change in kcals expended per minute of VPA
	1.53
	N/A
	Based on reasonable assumption

	Change in weight (kg) per change in kcal/day

	Range 48-56 kcal/kg based on age and sex 
	N/A
	Mathematical model by Hall and colleagues23
Sex-specific equations derived to explain excess energy intake (or deficit in energy expenditure) per unit excess weight in childhood: 
Boys: kcal per day per kg = 68 – 2.5 x age 
Girls: kcal per day per kg = 62 – 2.2 x age



SOURCE Sources for each model input parameter are noted in the table. NOTES Mean value and 95% uncertainty interval based on 1,000 simulations drawn from parameter-specific distributions.  Kcal is kilocalorie/day; SE is standard error; BMI is body mass index. 
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Appendix E: New Afterschool Intervention Specification and Background

Modeled Intervention
We modeled the effect of a national policy implemented at the state level requiring states to create new afterschool programs in school settings for low income elementary school-age children (ages 5-12) not now participating in programs, but who would if programs were available. The federal policy would require programs to follow the FitKid model, including 2-hour sessions supervised by classroom teachers and paraprofessionals.1 The afterschool programming would include a 40-min period with snack and academic enrichment activities and an 80-min period of physical activity (PA), with 40 min devoted to vigorous PA (e.g. as in SPARK).1 Snacks would be provided via the National School Lunch (NSLP) or Child and Adult Care Food Programs (CACFP) in cooperation with the school nutrition service. The intervention would be implemented by state departments of education, following the way current funding for The 21st Century Community Learning Centers (21st CCLC) initiative operates out of state education agencies. The funding for these programs would be directed to schools with a high proportion of low income students in each state (i.e. schools eligible for schoolwide Title I status). 

Background 
There is a large unmet demand for more afterschool programs in the U.S.  In 2014, approximately 19.4 million children not enrolled in a program would be if one were available.  The two biggest obstacles parents report to enrolling children in afterschool programs are affordability and transportation.2 Parents of low-income households are more likely to report a lack of available programs.2

Many children do not meet the recommended physical activity (PA) levels and are consuming excess calories.  National guidelines recommend 60 minutes of moderate to vigorous physical activity (MVPA) per day.3,4  However, as children enter adolescence, PA opportunities at school decline dramatically,5 and overall levels of daily PA drop as well.6 Many organizations offer guidelines for the provision of PA in afterschool care, but state policies mandating adoption of national guidelines are lacking.7,8 Offering PA opportunities in afterschool programs may help children achieve the recommended daily PA not achieved during school hours. Despite research showing that increased PA opportunities in afterschool programs may lower BMI and improve fitness,9-17 only five states require afterschool programs to provide a minimum amount of time for MVPA. Research indicates that children who consume program-provided snacks (such as those following NSLP or CACFP guidelines) consume fewer “salty and sugary foods and fewer calories than those who consume snacks from home”.18

Over the past several years, an increasing number of organizations have been encouraging afterschool care providers to adopt standards for healthy eating and PA. The US Conference of Mayors recommends that Mayors promote federal nutrition programs that provide meals and snacks to children in afterschool and summer programs and support policies that promote the offerings of nutritious foods and snacks and PA opportunities in city-sponsored afterschool and summer programs.19 The National Afterschool Association has adopted standards for healthy eating and PA in out-of-school time programs4 and a number of national organizations have made commitments about establishing and following healthy eating, screen time and PA standards for out of school time programs to address childhood obesity as partners of Partnership for a Healthier America.20 Further, the Institute of Medicine recommends adopting and/or strengthening afterschool program policies so that they align with national recommendations on PA standards and that MVPA objectives be specified in afterschool programs.3  

Assessment of Benefit 
The impact of new afterschool programs on BMI was modeled based on the logic model in Appendix Exhibit E.1.  We conducted a systematic review and screened 312 references for experimental evidence on the impact of providing afterschool care programs for children with opportunities for PA and more healthful snacks (compared to no programming) on outcomes of interest, including energy intake, energy expenditure and BMI. Thirty-four relevant references were summarized and four of these studies were used in the model. We used evidence from four published randomized trials that implement the basic elements of the FitKid program in after school settings (with controls not receiving the intervention, or usual practice). These were identified in a systematic evidence review. Each of these four trials gathered data on change in BMI following implementation of the intervention (intervention schools versus control schools, so these were all group randomized trials). Key model input parameters are detailed in the Appendix Exhibit E. 2.  

Theoretically the intervention was designed to reduce obesity via increased vigorous physical activity.1 However in the four randomized controlled trials implementing the FitKid model,1, 21-23 the control group did not receive afterschool programming, so that their physical activities and dietary intake would be “usual practice,” including home and other environments that would include television viewing as well as access to snacks and beverages potentially very different from those in the intervention subjects in afterschool settings. Dietary intake was not studied in the evaluations of the FitKid programs, nor was screen time – just physical activity and BMI change and other biomarkers. 

Appendix Exhibit E.1. Logic Model Linking Provision of New Afterschool Programming to Change in BMI∆ Child kcal intake per day

In schools eligible for Title I schoolwide status, new ASPs are created following the FITkid model (40 min NSLP/CACFP snack and academics and 80 min MVPA, 40 min VPA, no screen time)

∆ BMI

∆ Child MVPA per day

 




SOURCE Authors’ model NOTES ASP is After School Program; NSLP is National School Lunch Program; CACFP is Child and Adult Food Care Program; MVPA is moderate-to-vigorous physical activity; VPA is vigorous physical activity; BMI is body mass index (kg/m2). Bolded pathways in the logic model demonstrate the evidence pathways used in the model.

Reach 
The intervention reaches low income elementary school-age children (ages 5-12) not now participating in afterschool programs, but who would if programs were available. We estimated the number of children in schools with Title I school wide status by using data from the National Center for Education statistics,24 assuming 44% of students were in elementary schools.25 The Afterschool Alliance reports an estimate of the numbers of children in each state who are not currently participating in afterschool programs but would if programming were available.2

Costs
We estimated the cost of the intervention based on resources described by both the authors of the four trials as well as a cost effectiveness analysis of one of the trials by Wang and colleagues.26 Creation of new afterschool programs following the FitKid model nationwide requires training teachers and paraprofessional to coordinate and staff the afterschool programs, which we assume is overseen at both the state and federal levels. We also estimate the time of the teachers and paraprofessionals to implement the programs, purchase of physical activity curricula and equipment and the costs of afterschool snacks via the National School Lunch Program or Child and Adult Care Food Program. We account for costs for space to operate the program by factoring in custodial costs for 4 hours for every day of programming during the school year. We assume many schools could accommodate an afterschool program, though recognize that some schools may have to find other accommodations for which this custodial cost for use of program space could be reassigned for that purpose. Lastly, we estimated the cost offset of caregiver time (i.e. parents, relatives and non-relatives) to supervise children who previously would not have been receiving afterschool programming. We assume hourly wages at the state-specific adult mean wage for the US for parents from the Bureau of Labor and Statistics (BLS) and hourly child care worker wages for relatives and non-relatives providing care from BLS. We assumed that 3% of children are in self-care;2 35% of children are cared for by a relative or non-relative caregiver; and 62% by a parent.27 We assumed different wages for parent/caregiver time based on assumptions derived from national estimate of care types28 used for children of elementary school level in the hours after school as follows:
· Non-relative caregiver: We assumed approximately 11% of children would be cared for by a non-relative caregiver if not in other afterschool programming. We assumed that the hourly rate for relative care would be equal to the hourly rate for non-relative care given that these relatives could instead by providing non-relative care to other children (Rate = $10.44 per hour national average). We use the state average caregiver wage from the Bureau of Labor Statistics (BLS) for each participating child based on the state of residence assigned in micro-simulation model.
· Relative caregiver: We assume approximately 24% of children would be cared for by a relative if not in other afterschool programming. We assumed that the hourly rate for relative care would be equal to the hourly rate for non-relative care given that these relatives could instead by providing non-relative care to other children as noted above.  
· Parent low income: We assumed approximately 34% of children would be cared for by a parent in a low income family. This assumption is informed using national estimates regarding care types used in afterschool hours and the assumption that Title I schoolwide eligible schools are serving higher proportions of low income families. We used the average annual wage for family of four eligible for free or reduced price meals in public school systems29 $23,850) converted to an hourly wage.
· Parent average income: We assumed approximately 28% of children would be cared for by a parent in an average income family. We use the state average wage from the Bureau of Labor Statistics (BLS) for each participating child based on the state of residence converted to an hourly wage.
-Self- Care: We assume that 3% of children would have not had a specific arrangement for care in the hours after school and therefore would have incurred no cost offset for their own time.

Appendix Exhibit E.2. Key Model Variables to Evaluate New Afterschool Reach and Effect on BMI
	Parameters
	Mean Value
	95% Uncertainty Interval
	Sources and Modeling Assumptions

	Reach
	
	
	

	Percent of children ages 5-11 currently attending schools with Title I school wide status not participating in an afterschool program but would if programming were available
	12% (range from 1.5%-30% across states)
	N/A
	Attendance by state at schools with Title I school wide status drawn from NCES data.24 Proportion of participation in elementary school drawn from Afterschool Alliance data on 21st Century programs.25 Proportion not currently participating in afterschool programming but desire to participate if it were available drawn from Afterschool Alliance data.2

	Percent of eligible schools with title I school wide status that adopt and implement  the new afterschool program
	100%
	N/A
	Assumption

	Effect
	
	
	

	Change in BMI attributable to the intervention
	-0.33
	-0.49, -0.17
	Samples drawn from a uniform distribution (min= -0.5, max = 
-0.17) based on estimates from 4 randomized control trials1,21-23

	Change in hours/day of MVPA attributable to the intervention
	0.32
	0.28, 0.37
	Samples drawn from a uniform distribution (min= 0.28, max= 0.37) based on two randomized control trials1,21



SOURCE Sources for each model input parameter are noted in the table. NOTES Mean value and 95% uncertainty interval based on 1,000 simulations drawn from parameter-specific distributions. BMI is body mass index.
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Appendix F. Hip Hop to Health Jr. Intervention Specification and Background
Modeled Intervention
We modeled the cost-effectiveness of a nationwide, state-by-state change to early care and education (ECE) state licensing regulations that would require ECE providers (in both child care centers and family daycare homes) to acquire training in providing structured physical activity opportunities to young children and to implement structured PA curricula. Hip Hop to Health Jr., an intervention implemented and studied in several low-income child care populations,1-4 was modeled as the training and curriculum program to be adopted by licensed ECE providers; providers are trained in strategies to lead structured physical activity opportunities for young children (as well as less plans about healthy eating and screen time reduction). This intervention was selected after a systematic evidence review and stakeholder input, based on the quality of evidence behind its effectiveness and the evidence for its ability to be implemented in multiple settings. Implementation of the Hip Hop to Health Jr. policy consists of training ECE providers and staff in the Hip Hop to Health Jr. curriculum, providing materials and equipment for promoting physical activity (such as CDs with activity-promoting music and templates for parent newsletters), and monitoring policy compliance at the state level. 

Background 
Increasing the physical activity levels of young children may be an important obesity prevention strategy, especially considering that physical activity habits formed in early childhood may track into later years. Only about half of U.S. 2-5 year-olds meet the minimum recommendation of 60 minutes of PA daily.5 Early care and education (ECE) programs, including child care centers and family daycare homes, serve a majority of U.S. 3-5 year olds6 and frequently provide opportunities for outdoor play and physical activity.7 Encouraging young children to be active through the provision of structured, teacher-led physical activity in ECE programs can increase young children’s physical activity time,3 and standards for ECE programs set forth by the National Association for Sport and Physical Education, the American Academy of Pediatrics and American Public Health Association, and the President’s Council on Fitness, Sports, and Nutrition have all specified the importance of training ECE teachers in providing structured activities.8-10 However, very few programs train staff in appropriate strategies for encouraging young children to be physically active through structured physical activity.11-13 A modification to state licensing regulations to require child care staff to be trained in how to provide effective structured physical activity opportunities, fulfilled through training in how to implement Hip Hop to Health Jr., could fill this gap. 

Assessment of Benefit 
The impact of the Hip Hop to Health Jr. policy on moderate to vigorous physical activity (MVPA) and BMI was modeled based on the logic model in Appendix Exhibit F.1.  We originally screened 7,563 published articles related more broadly to increasing physical activity in ECE settings through a systematic evidence review process, identifying 19 articles to abstract; most of the articles described interventions either not relevant to a U.S. setting or interventions that were individually-focused rather than focused on changing ECE practices. We identified two studies demonstrating the effectiveness of Hip Hop to Health Jr. in a real-world implementation setting. To estimate the impact on MVPA, we used evidence from one group-randomized, controlled trial evaluating the impact of the intervention as delivered by child care providers.3 This study measured changes from baseline to follow-up (14 weeks) in accelerometer-measured physical activity across the entire day for seven days (including time outside of child care), finding that children attending intervention child care programs added 7.46 min/day (95% CI: 1.41, 13.51) of MVPA compared to controls. To estimate the impact on BMI, we used data from a separate publication examining data from this same study cohort, with a longer follow-up (because changes in BMI can take longer to occur), which found that at 1-year follow-up, children attending intervention child care programs experience a nonsignificant -0.13 (SE: 0.11) decrease in BMI compared to children in control programs;4 the BMI estimate may be impacted additionally by shifts in energy intake. Key model input parameters are detailed in Appendix Exhibit F.2.  

Appendix Exhibit F.1. Logic Model Linking Early Care and Education Structured Activity and Training Policy to Change in BMI∆ Child MVPA min/day
∆ Child kcals consumed/ day

 ∆ ECE staff nutrition and PA practices 
∆ ECE program adoption of Hip Hop to Health Jr. training and curricula to fulfill licensing requirement 
∆ State ECE licensing regulations specifying training and provision of structured physical activity 


∆ BMI






SOURCE Authors’ model NOTES ECE is early care and education; BMI is body mass index (kg/m2); PA is physical activity; MVPA is moderate to vigorous physical activity. Bolded pathways in the logic model demonstrate the evidence pathways used in the model.

Reach 
The intervention reaches all 3-5 year old children attending licensed ECE programs (both centers and family daycare homes) in the U.S.  We obtained estimates of licensed ECE program capacity for each state from a survey of state child care licensing agencies14 and compared with Census estimates of the total 3-5 year old population for each state in order to calculate the state-specific probability of a 3-5 year old attending a licensed child care center or family daycare home (national average: 41.2%). We assumed that all states adopt the policy, and that 73% of licensed ECE programs would complete the intervention;15 all children attending these 73% of eligible ECE programs were then assumed to benefit from the intervention.  

Costs
At the state level, we estimate labor and travel costs for a state training consultant to implement training for ECE program directors in the “Hip Hop to Health, Jr.” program for all state programs in the first year of implementation, as well as annual costs for training a sub-portion of programs (to account for staff turnover) and annual labor costs to account for the time required on the part of state licensing staff to review participating ECE programs’ compliance. At the ECE program level, we estimate labor costs for ECE directors to attend trainings and for ECE directors to then train other ECE staff within their program, both in the first year of implementation for all programs and then in subsequent years for a sub-set of programs to account for staff turnover. We also account for the costs of supportive curriculum materials (including physical activity equipment, a CD of PA-promoting music, and templates for curricular activities and parent newsletters) using an estimate provided to us by “Hip Hop to Health Jr.” study staff.  

Appendix Exhibit F.2. Key Model Variables to Evaluate Hip Hop To Health Jr. Policy Population Reach and Effect on MVPA and BMI


	Parameters
	Mean Value
	95% Uncertainty Interval
	Sources and Modeling Assumptions

	Reach
	
	
	

	Children 3-5 years of age attending a licensed child care program 
	41.2%
	N/A
	Deterministic
Source: National Association for Regulatory Administration, 2013;14 U.S. Census
State specific percentages used in model 

	Licensed child care programs opting to implement the policy
	73%
	N/A
	Deterministic 
Source: Ward et al, 200815(estimate of implementation from a trial of a similar intervention)

	Effect
	
	
	

	Change in MVPA minutes per day
	7.43
	(1.57, 13.27)
	Samples drawn from a normal distribution (mean= 7.46, SE= 3.09) based on one group-randomized, controlled trial3

	Change in BMI attributable to intervention
	-0.13
	(-0.34, 0.11)
	Samples drawn from a normal distribution (mean= -0.13, SE= 0.11) based on one group-randomized, controlled trial4


SOURCE Sources for each model input parameter are noted in the table. NOTES Mean value and 95% uncertainty interval based on 1,000 simulations drawn from parameter-specific distributions.  MVPA is moderate-to-vigorous physical activity; SE is standard error; BMI is body mass index. 
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Appendix G. Intervention Costs (US $ millions) and non-Health Care Cost Offsets by Payer
	Payer
	Active PE 

	Active Recess

	Active School Day

	Healthy Afterschool

	New Afterschool

	Hip Hop to Health, Jr.


	Federal Government

	__
	__
	__
	__
	$22,100
(68% of costs)
	__

	State Government
	[bookmark: _GoBack]$22 
(2% of costs)
	__
	__
	$22.4 
(44% of costs)
	__
	$13.6 
(1% of costs)

	School District
	__
	__
	$14,700 
(97% of costs)
	__
	$10,300 
(32% of costs)
	__

	School
	$908 
(98% of costs)
	$621 
(98% of costs)
	$399 
(3% of costs)
	__
	__
	__

	Afterschool Program

	__
	__
	__
	$28.3
(56% of costs)
	__
	__

	ECE Program

	__
	__
	__
	__
	__
	$1,070 
(99% of costs)

	Individual
	__
	$14.0
(2% of costs)
	$6.40
(<1% of costs)
	__
	-$78,700
(*cost offset)
	__

	Total Cost US $ millions
	$930  
	$635
	$15,100


	$50.7
	-$46,200


	$1,080


*The New Afterschool intervention has a cost offset for caregivers who, as a consequence of the intervention, now have available time that they are not caring for their children (i.e., the value of parent time). 

