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Abstract

Longitudinal weight status, cardiorespiratory fitness, and academic achievement
in elementary schoolchildren
By Paul Elish

Introduction

Childhood overweight and obesity have a well-established negative impact on children’s health.
Overweight and obesity might also negatively impact children’s academic performance, but
existing literature on this association is inconclusive. This study uses a longitudinal design in a
large, diverse elementary school sample to rigorously test the association between longitudinal
weight status and academic achievement. Analyses also investigate moderation by sex,
race/ethnicity, and cardiorespiratory fitness (CRF), as well as mediation by CRF, school-day
moderate-to-vigorous physical activity (MVPA), school-day sedentary time, and attendance.

Methods

In a large suburban school district, 4,936 Grade 4 students were recruited. Demographic, course
grade, and standardized test data were collected from school records for Grades 3 to 5, and body
mass index (BMI) and CRF were assessed each year. Students wore accelerometers during the
school day for up to 15 days across three semesters (Grade 4 Fall and Spring, Grade 5 Fall) to
objectively measure physical activity. Multiple imputation addressed missing data and multilevel
analyses controlled for student demographics.

Results

Unadjusted multilevel models found small negative associations for persistent
overweight/obesity with course grades and standardized test scores, but these associations largely
disappeared when controlling for demographic characteristics. Residual associations for math
and writing course grades were attenuated when controlling for CRF, though some marginal
negative associations for math and writing remained for students who became overweight/obese
during follow up. There was no evidence of moderation by sex or race/ethnicity. For students
who were persistently overweight/obese, mediation analyses found a small significant positive
indirect effect through lower school-day MVPA (e.g., 0.110, 95% CI: 0.046, 0.184 for math
course grades) and a larger negative indirect effect through lower CRF (e.g., -0.643, 95% CI: -
0.871, -0.416 for math course grades). Persistently obese students also had a small negative
indirect effect through lower attendance. There was no significant indirect effect through school-
day sedentary time.

Conclusion

Analyses suggest that there were very small associations between overweight/obesity and
academic achievement that were largely explained by CRF. The findings align with growing
evidence that increasing CRF is more important than losing weight for boosting children’s
cognition and academic achievement.
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I. Background

Childhood obesity has reached epidemic proportions in the United States. From 1978 to
2016, the prevalence of obesity among youth aged 2 to 19 years in the U.S. soared from 5% to
18.5% (Anderson et al., 2019). Children living with obesity have a higher risk of health problems
such as high blood pressure, type 2 diabetes, asthma, and sleep apnea (Africa et al., 2016; Bacha
& Gidding, 2016; Cote et al., 2013; Lloyd et al., 2012; Mohanan et al., 2014; Narang & Mathew,
2012; Pollock, 2015). Childhood obesity is also associated with psychosocial issues including
anxiety and depression (Beck, 2016; Halfon et al., 2013; Morrison et al., 2015). Individuals who
are obese as children also have a higher risk of obesity as adults (Gordon-Larsen et al., 2010;
Whitaker et al., 1997), and by extension, a higher risk of mortality and diseases including
coronary heart disease, stroke, and various forms of cancer (Bhaskaran et al., 2014; Kasen et al.,
2008; Luppino et al., 2010; National Institutes of Health, 1998, 2013). All of these phenomena
highlight the importance of preventing and treating obesity in childhood.

In addition to childhood obesity’s negative health consequences, researchers suggest it
might be associated with poorer academic performance. In turn, this poorer academic
performance negatively impacts children’s professional and economic prospects. Research
suggests that childhood obesity’s long-term impacts include a decreased likelihood of obtaining a
bachelor’s degree (Ryabov, 2018) and poorer cognition in midlife (Cohen-Manheim et al., 2017).
If the negative relationship between childhood obesity and academic performance indeed exists,
it further strengthens the critical need to address obesity early in life.

Various mechanisms have been hypothesized for a negative relationship between
childhood obesity and academic performance. Obesity may hinder academic performance by

affecting brain development and cognition (Liang et al., 2014; Smith et al., 2011). There may



also be an indirect relationship between obesity and academic performance through increased
school absenteeism due to poorer physical and mental health (An et al., 2017), social isolation
and bullying (Gunnarsdottir et al., 2012; Krukowski et al., 2009), weight-based stigmatization by
teachers (MacCann & Roberts, 2013; Moon, 2020; Shackleton & Campbell, 2014), and poorer
sleep due to obesity-related breathing problems (Galland et al., 2015; Tan et al., 2014). Obesity’s
association with lower levels of physical activity (PA) and cardiorespiratory fitness (CRF)
(McManus & Mellecker, 2012; Tsiros et al., 2020) may also indirectly impact academic
achievement (Bustamante et al., 2016; Martin et al., 2018).

Literature on the association between obesity and academic achievement is not
conclusive. A 2017 systematic review synthesized 31 studies from 17 observational prospective
cohort studies enrolling participants aged 3 to 18 and meeting a quality score threshold of 70% or
higher. The studies’ cohorts ranged from 405 to 21,260 students (median study population size
was 3,362 students) and followed students for between 1 and 9 years (median follow up was 3
years). Many of the U.S.-based studies included in this review analyzed data from the Early
Childhood Longitudinal Study Kindergarten Class of 1998-99 (ECLS-K) cohort, a nationally-
representative sample of public and private school students followed from kindergarten in 1998-
1999 to Grade 8 spring in 2007. Four ECLS-K studies found some negative associations between
overweight/obesity and academic achievement (Gable et al., 2012; Kranjac, 2015; Murasko,
2015; Wendt, 2009), while three found no associations (Datar et al., 2004; Kenney et al., 2015;
Zavodny, 2013). ECLS-K studies that found a significant negative association primarily
observed it for math performance and among girls (Gable et al., 2012; Kranjac, 2015; Murasko,
2015; Wendt, 2009); some also noted negative associations for children who became obese

(Gable et al., 2012; Wendt, 2009). ECLS-K studies that found no significant association



generally noted that associations disappeared when controlling for sociodemographic variables
(Datar et al., 2004; Zavodny, 2013). Beyond ECLS-K, a study of 915 U.S. students followed
from ages 9 to 15 found a significant negative association between BMI and reading and math
achievement that disappeared when controlling for executive function and concentration (Manes,
2014). Another U.S. study of 2,820 students followed from 8 to 14 years found no significant
association between overweight and obesity and reading performance (Palermo & Dowd, 2012).
Overall, this systematic review did not find consistent evidence of a relationship between obesity
and academic performance, except for a negative relationship for adolescent girls’ math
achievement. The authors postulated that this relationship for adolescent girls was mediated by
weight-related bullying and executive function (Martin et al., 2017).

Another 2017 systematic review examining 23 cross-sectional and 11 longitudinal studies
published from 1990 to 2016 concluded that the relationship between obesity and academic
performance was uncertain in most studies after controlling for covariates including
socioeconomic status (SES) and PA (Santana, Hill, et al., 2017). Among the four longitudinal
studies determined to have low risk of bias, two identified a significant negative association
between obesity and academic performance, including one ECLS-K cohort study from
kindergarten to Grade 5 (Gable et al 2012), and a study in the United Kingdom that followed
5,966 participants from ages 11 to 16 (Booth et al., 2014). Just two of the seven longitudinal
studies with medium risk of bias found a negative association between overweight and academic
performance, one following ECLS-K students from kindergarten to Grade 3 (Datar & Sturm,
2006) and the other following 8,061 Finnish students for 7 years (Kantomaa et al., 2013). North
American studies with non-significant findings included two ECLS-K cohort studies from

kindergarten to Grade 8 (Zavodny, 2013) and from kindergarten to Grade 1 (Datar et al., 2004), a



study of 4,647 Canadian students from ages 2-5 to ages 8-11 (Carter et al., 2010), and a 2009
longitudinal study of 2,500 U.S. students from a cohort recruited through the National
Longitudinal Survey of Youth (Kaestner & Grossman, 2009).

A 2019 metanalysis of the relationship between body mass index (BMI) and academic
achievement found a weak negative correlation when accounting for data from 60 studies (41
conducted in North America) enrolling 164,049 participants (He et al., 2019). The analyzed
studies were published from 1999 to 2017 and included participants ranging in age from 4 to 34
years old. The correlation between BMI and academic achievement among children and
adolescents ranged from -0.560 to 0.280. After adjusting for publication bias, the authors arrived
at a pooled effect size of r =-0.165 (95% CI: -0.221 to -0.105; P < 0.01). The pooled effect size
had higher magnitude in Europe (r = -0.204; 95% CI: -0.290 to -0.114; P < 0.01) and North
America (r = -0.106; 95% CI: -0.164 to -0.047) than in Asia (r = -0.066; 95% CI: -0.111 to -
0.020; P < 0.01). The authors suggested that the stronger relationship between BMI and
academic achievement in Europe and North America could be due to unique cultural phenomena
(He et al., 2019), but the meta-analysis was weakened by the lack of control for SES or CRF.

It is often difficult to compare study results due to the use of different academic
achievement measures. Many studies use standardized tests to measure academic performance,
while others rely on unstandardized outcomes such as teacher- or self-reported grades or grade
point average (GPA) (He et al., 2019; Martin et al., 2017). Studies also measure academic
achievement across different course subjects, although reading / language arts and math are most
commonly examined. Additionally, although many studies use objectively-measured weight and

height, some rely on self-reported weight and height. Other studies use different approaches for



measuring weight status, such as waist circumference, dual-energy X-ray absorptiometry,
skinfold thickness, and bioelectrical impedance (Martin et al., 2017; Santana, Hill, et al., 2017).

Findings also differ by demographic characteristics such as age and sex. For example,
one systematic review found that there was less evidence of an association between obesity and
academic achievement among younger children and pre-adolescents than among adolescents
(Martin et al., 2017). Similarly, a metanalysis found that elementary school students had the
smallest pooled effect size for BMI on academic achievement (r = -0.075) compared to middle
school (r=-0.128) and high school students (r=-0.184) (He et al., 2019). Many studies also find
differences between girls and boys. One systematic review only found evidence of a significant
negative association for adolescent girls (Martin et al., 2017). A metanalysis similarly found a
larger pooled effect size among females than males (r=-0.152 versus r=-0.085), though the
difference was not statistically significant (He et al., 2019). These findings could reflect the
unique stigma of overweight and obesity for girls (Branigan, 2017; Livermore et al., 2020;
Martin et al., 2017).

Studies in the United States place more emphasis on race/ethnicity as a moderator given
the country’s diversity and ongoing history of racial discrimination. Some studies have only
found significant associations among certain racial and ethnic groups, such as among White girls
(Branigan, 2017) or among Latino and White students (Clark et al., 2009). Other studies have
found race to be more important than BMI for predicting academic performance (Baxter et al.,
2013) or have found characteristics like “grit” to be more important than BMI for academic
performance among minority students (Cosgrove et al., 2018). There is an ongoing need for U.S.
studies that account for unique patterns across racial and ethnic groups through diverse study

populations.



Across studies, SES is identified as an important confounder of the relationship between
obesity and academic achievement (He et al., 2019; Martin et al., 2017). In the U.S., childhood
obesity declines as SES rises (18.9% of youth aged 2-19 years old are obese in the lowest income
group compared to 10.9% in the highest income group) and higher SES is associated with higher
academic achievement (American Psychological Association, 2017; Centers for Disease Control
and Prevention, 2019). A systematic review concluded that the relationship between obesity and
academic achievement was uncertain after controlling for covariates including socioeconomic
status (Santana, Hill, et al., 2017). Some common measures of SES include parent level of
education, parent income, and parent occupation or employment status. In studies of U.S.
schoolchildren, participation in the free / reduced-price lunch (FRL) program is also used as a
proxy for SES (Dickinson & Adelson, 2014; Food and Nutrition Service, 2019).

Various mediators have also been examined in the association between obesity and
academic achievement. One systematic review accounted for cognitive abilities, age of
menarche, physical health, internalizing behavior, self-efficacy, and psychosocial factors such as
exposure to bullying as mediators, but did not find compelling evidence for any of these
mediators’ roles (Martin et al., 2017). PA is another potential mediator, and CRF is especially
likely to mediate the association. Childhood obesity is associated with reduced PA (McManus &
Mellecker, 2012) and CRF (Tsiros et al., 2020), and while there is inconclusive evidence for
PA’s effect on academic achievement (Barbosa et al., 2020; Donnelly et al., 2016; Li et al., 2017,
Marques et al., 2018; Wassenaar et al., 2020), there is strong evidence for CRF as a positive
predictor of academic achievement (Alvarez-Bueno et al., 2020; Marques et al., 2018; Santana,

Azevedo, et al., 2017). Like CRF, attendance is another particularly compelling mediator since



overweight and obese children generally have lower attendance (An et al., 2017), which disrupts
academic progress.

CRF’s role as a mediator relates to the “fat but fit paradox,” or the phenomenon where
physical fitness attenuates obesity’s negative health consequences. Literature suggests that all-
cause and cardiovascular disease mortality risk among obese people who have a high CRF level
is about the same as among fit, normal-weight people. Some studies even indicate that normal-
weight but unfit people are at higher risk of adverse health outcomes than obese but fit people
(Ortega et al., 2018). Among children, obesity is associated with detectable changes in the
brains, including reduced gray matter volumes (Maayan et al., 2011; Ou et al., 2015), but there is
evidence that CRF can counteract the negative effects of obesity on brain development (Esteban-
Cornejo et al., 2017). These findings suggest that any negative association between obesity and
academic achievement could be attenuated by high CRF (Ortega et al., 2018).

In summary, research on the relationship between weight status and academic
achievement remains inconclusive. If there is indeed an association, studies suggest it is stronger
among girls and older students, and it may be moderated by CRF, PA, and attendance.
Significant gaps in the literature remain. Multiple systematic reviews have called for studies that
better account for CRF and PA levels (Martin et al., 2017; Santana, Hill, et al., 2017). There are
also calls for better control of confounding factors such as SES and for additional longitudinal
studies (Santana, Hill, et al., 2017). Longitudinal studies that account for change in obesity status
over time are especially lacking (Martin et al., 2017). In the U.S., studies that account for
race/ethnicity and SES are particularly important given the country’s history of systemic racism

and income inequality.



The present study addresses existing research gaps and limitations by examining
longitudinal data from a large, diverse sample of elementary school age children, by adequately
controlling for confounders, and by investigating whether CRF, accelerometer-measured PA, and
attendance mediate the relationship between obesity and academic performance. Specifically,
this study seeks to answer the following questions:

1. Is longitudinal overweight/obesity associated with academic performance among children
when controlling for SES and other covariates?

2. Does the relationship between overweight/obesity and academic performance differ
across genders and race/ethnicity when controlling for SES and other covariates?

3. Is the relationship between overweight/obesity and academic performance moderated or
mediated by CRF?

4. s the relationship between overweight/obesity and academic performance mediated by
objectively-measured school-day moderate-to-vigorous PA (MVPA), objectively-

measured school-day sedentary time, or school attendance?

I1. Methods

A. Study Design

A cluster-randomized control trial was conducted in a large suburban school district in
Georgia, USA following students from 4™ grade fall to 5" grade fall over a three-semester
intervention period (original plans for a four-semester study period were disrupted by the
COVID-19 pandemic). School selection and randomization is described in a previous manuscript

(Boedeker et al., 2021).



Intervention

The intervention employed components from the evidence-based Health Empowers You!
program. This program was designed using the Comprehensive School PA Program approach
promoted by the Centers for Disease Control and Prevention (CDC) and had already been
implemented in more than 67 schools since 2013 (HealthMPowers, 2021). It is a multi-level
intervention that aims to shift school PA practices and culture and allow students to engage in at
least 45 minutes of PA during the school day. Prior evaluations of Health Empowers You!
document improvements in average daily steps, moderate-to-vigorous PA (MVPA) levels in
physical education (PE) classes, and student fitness and BMI (Burke et al., 2014; Hyde et al.,
2020).

Trained PA Specialists (PASs) provided training and technical assistance to teachers to
implement Health Empowers You! throughout the school year. Before the start of the 2018-2019
school year, PASs and research team members engaged administrators to obtain top-down buy-in
and conducted baseline assessments on schools’ current PA practices. PASs then led customized
in-person trainings teaching school teams how to increase PA before and during the school day.
Training sessions highlighted the main intervention categories: Schoolwide Activities, Recess
Strategies, Brain Boosters (PA breaks), and Academic Accelerators (PA breaks combined with
academic content). During the trainings, school teams created a weekly calendar of activities to
increase PA time to a minimum of 45 minutes per day based on the school environment,
resources provided, and Health Empowers You! evidence-based strategies. Teachers were also
trained on the use of accelerometers that would track student PA during two reporting weeks of
the school year. Teacher accountability was secured by a participation agreement outlining all

responsibilities that were expected of teachers in order to receive their stipend at the end of each
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year. After training, teachers were provided with resources and teaching aids to facilitate the
integration of PA into the school day. Resources included classroom exercise DVDs and
integration strategies, PA game ideas and lesson plans, activity trackers, and exercise equipment.
Short (10-minute) interactive videos refreshed teachers on previous content and provided more
detailed implementation support every month. PASs also provided classroom teachers with
ongoing in-person and virtual technical assistance. Additionally, PE teachers received
professional development to learn and develop strategies to increase physically-active time
during PE, and environmental cues were posted throughout the school to promote PA
engagement.

PASs trained 132 fourth grade teachers from the 20 intervention schools on integrating
PA in their classrooms at the beginning of the 2018-2019 school year. All students in the 4™
grade participated in the PA intervention. Prior to training, consent/assent forms were distributed
through district and school protocol along with a brief informational video in order to obtain
guardian consent and student assent to measure PA via accelerometry, and authorization for the
school district to share and link de-identified archival records of standardized test scores, grades,
attendance, and tardiness as part of the analytic dataset provided to the research team each year.
At the beginning of the 2019-2020 school year, 132 fifth grade teachers from the 20 intervention
schools received the PAS training on integrating PA in their classrooms.

The intent in implementing the intervention was not to evaluate its effectiveness, but
rather, to increase variability in MVPA to enable better assessment of the MVVPA-achievement
association. Intervention/control status was not included in this analysis because differences in

MVPA between intervention and control students were small; intervention students had
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approximately 3 more daily minutes of MVPA in Grade 4 Fall, 4.5 minutes more in Grade 4

Spring, and 5 minutes more in Grade 5 Fall.

Study Population

The participating elementary schools included diverse student race/ethnicity and a mix of
higher- and lower socioeconomic status (SES) based on FRL rates. The school selection
procedure ensured the schools were representative of the school district (Boedeker et al., 2021).
Of 6,525 fourth graders in the 40 study schools, 4,966 (76%) returned consents. For analysis,
students who spent the entirety of the day with a special education teacher who did not
implement the intervention were removed from the analytic sample (n=30), leaving 4,936

students eligible for analysis.

B. Data Sources
Data for this analysis are provided from two sources: (1) school district routinely-
collected data; and (2) accelerometer data. Each of these data sources are described in more

detail below.

School District Data

Demographic data included student gender, race/ethnicity, students with disabilities
(SWD), English language learners (ELL), and participation in free/reduced-price lunch (FRL)
during the 2018-2019 (Grade 4) school year.

Attendance data included the number of days that students were absent or tardy during

the 2018-2019 school year, as well as the number of days they were enrolled.
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FitnessGram data included data on students’ performance on the FitnessGram
assessment, an assessment developed by The Cooper Institute and implemented in school district
physical education classes (Meredith, 2008). Physical education teachers were trained in the
FitnessGram protocol to ensure consistent implementation across schools. The assessment
includes physical fitness tests assessing CRF, muscle strength, muscle endurance, flexibility, and
body composition. Students complete the FitnessGram assessment on a semesterly basis in
September/October for the fall semester and in May/June in the spring semester. Physical
education instructors measured student height and weight to calculate student BMI. Results from
the FitnessGram PACER test were used to estimate CRF. In the PACER test, students run back
and forth between two points that are 20 meters apart. Students must run from one point to the
other before a recorded beep sounds. The time between beeps is progressively shortened. The
test ends when students either stop running or can no longer complete the distance in the time
between beeps. Full FitnessGram data was collected in Grade 4 Fall and Spring and Grade 5 Fall.
FitnessGram data was not collected in Grade 5 Spring due to COVID-related disruptions. The
PACER test was also not completed in Grade 3 because it has not been validated among third
grade students, but BMI data was collected in the Grade 3 Fall FitnessGram (Fall 2017).

Semesterly course grades data for mathematics, reading, spelling, and writing from
Grade 3 Fall and Spring, Grade 4 Fall and Spring and Grade 5 Fall. Grade 5 Spring course grades
were not recorded due to the COVID pandemic.

Georgia Milestones Test data included student scores for Grade 3 Spring and Grade 4
Spring Georgia Milestones standardized tests for English language arts (ELA), mathematics, and
lexile (measuring literacy). The Georgia Milestones standardized tests were not administered in

Spring 2020 due to the COVID pandemic.
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Accelerometer Data

Accelerometer data during school hours for the full study population was collected in the
three study semesters (Grade 4 Spring and Fall, Grade 5 Fall). During one week in each
semester, consented students wore ActiGraph wGT3X-BT accelerometers_to objectively track
PA during the school day. Accelerometers were attached to an elastic belt which students wore
on the waist, with the accelerometer positioned over the hip. Teachers were trained on proper
accelerometer wear and were provided with instructional videos for putting them on, removing
them, and storing them. Students were assigned an accelerometer with a specific number on the
belt. When students entered class each day, they selected their assigned belt and attached it
around their waist. Students wore the accelerometer belt for the entire school day before

removing them upon leaving school.

C. Study Measures

Exposures

The exposure for this analysis is longitudinal weight status based on BMI measured in the
Grade 3, Grade 4, and Grade 5 FitnessGram tests. Age and sex-specific growth charts from the
CDC (Centers for Disease Control and Prevention, 2001) were used to categorize participants as
obese, overweight, healthy weight, and underweight. Ages at time of height and weight
measurement were calculated using dates of birth and assuming the FitnessGram was performed
on May 15 and September 15 each year since the exact dates of FitnessGram test administration
were not consistently recorded. In accordance with CDC definitions, those children with a BMI

at or above the 95" percentile for their age and sex were categorized as obese, those from the 85%
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to the 95" percentile were categorized as overweight, those from the 5% to the 85" percentile
were classified as healthy weight, and those with a BMI less than the 5" percentile were
classified as underweight (Centers for Disease Control and Prevention, 2018).

Two different types of exposure were used. The first was based on overweight/obesity
status at two time points and coded into four categories. Students who were overweight or obese
at baseline and at follow-up were assigned “persistently overweight/obese,” those who were not
overweight or obese at baseline but were at follow-up were assigned “became
overweight/obese,” those who were overweight or obese at baseline but not at follow-up were
assigned “formerly overweight/obese,” and those who were not overweight or obese at both time
points were considered “persistently non-overweight/obese.” For analyses examining Grade 4
standardized test scores as outcomes, baseline BMI was Grade 3 Fall and follow-up was Grade 4
Spring. For analyses examining Grade 5 fall course grades as outcomes, baseline BMI was Grade
3 Fall and follow-up was Grade 5 Fall. Outlier heights and weights were set to missing before
calculation of BMI.

The second exposure used the same process for exposure categorization, but it focused
specifically on obesity status. The following four categories were used: “persistently obese,”

“became obese,” “formerly obese,” and “persistently non-obese.”

Outcomes

Two different types of academic achievement measures were assessed as outcomes. The
first was standardized test results from the ELA, math, and lexile Georgia Milestones
standardized tests collected for Spring 2019. Georgia Milestones is a statewide Georgia

assessment system, and end-of-grade ELA, math, and lexile assessments are conducted every
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year for Georgia students in grades 3 to 8. On the ELA and math Georgia Milestones tests, a
score at or higher than 525 indicated proficiency (Forsyth County Schools, 2019). Grade 4
Milestones scores were used because the Grade 5 Milestones test was canceled due to the
COVID pandemic. Analyses were conducted using the Milestones scores as continuous
variables.

The second type of academic achievement measure was course grades as assigned by
classroom teachers for reading, writing, spelling, and math. Course grades for Grade 3 Fall to
Grade 5 Fall were collected and ranged from 0 to 100, with 100 indicating highest achievement.
Analyses were conducted with course grades as continuous variables, and considering each

subject’s course grade separately.

Moderators

Students were categorized according to sex (male or female) and race/ethnicity (Asian,
Black, Latino, White, or Other). Student CRF was measured through the FitnessGram’s PACER
test. PACER laps were converted to an estimated CRF using the standard formula from the
Cooper Institute. The median CRF across Grade 4 Fall, Grade 4 Spring, and Grade 5 Fall was
assigned to each student. The resulting CRF scores were then categorized as “Healthy Fitness
Zone,” “Needs Improvement,” or “Needs Improvement — Health Risk” in accordance with
Cooper Institute guidelines. Students categorized as “Healthy Fitness Zone” for CRF are
considered to have sufficient CRF for good health (The Cooper Institute, 2020). The healthy
fitness zone cutoff for CRF in this age group is 40.2 (California Department of Education, 2019).
A dichotomous cardiorespiratory fitness variable was created based on the Healthy Fitness Zone

cutoff and categorized students as “fit” or “unfit.” Moderation analyses were conducted for sex,
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race/ethnicity, and CRF given literature suggesting their moderation of the association between

weight status and academic achievement.

Mediators

The median CRF score described above in the “Moderators” section was also assessed as
a mediator to investigate its role in the pathway from weight status to academic achievement.

Analyses also explored percent Grade 4 attendance, MVPA during school hours, and
sedentary time during school hours as mediators. Percent Grade 4 attendance was calculated by
dividing the number of days attended by the number of days enrolled in the school district in
Grade 4.

Accelerometer data was aggregated over 15-second epochs to capture the sporadic nature
of children’s activity and to mirror the collection intervals from which the Freedson cut points
were developed (Freedson et al., 1998). Accelerometer data were used to objectively measure
metabolic equivalents (METSs), which are categorized as: time spent in sedentary behavior (<1.5
METS), light PA (1.5-3.99 METSs); moderate PA (4-5.99 METs), vigorous PA (>6 METs), and
moderate and vigorous PA (>4 METS). In addition, PA intensity was measured using mean
activity counts per minute divided by each of the three axes, as well as sum of counts, average
counts, and maximum counts. Greater counts per minute indicated a higher intensity.

A day’s accelerometer data was set to missing if it did not meet criteria for a valid
day of measurement. Criteria for a valid day required students to have worn the accelerometer
for at least 80% of the school day. To meet criteria for inclusion in the analyses, students had to
accrue at least 3 valid days of wear during the 5-day measurement period in a given semester.

Though at least four days of wear time is typically recommended for reliable PA estimates in
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children (Barreira et al., 2015; Trost et al., 2005), school day PA is less variable than full-day
data (Fairclough et al., 2007). Measures of mean MVPA minutes and mean sedentary minutes
were calculated at each time point (i.e., each semester) for which students had at least 3 days of

valid accelerometer data.

Confounders

Analyses controlled for SWD, current ELL, and free/reduced-price lunch (FRL)
participation. SWD included those with physical or learning disabilities and was dichotomized as
“yes” or “no.” Current ELL was also dichotomized as “yes” or “no.” FRL status was
dichotomized as “receiving” or “not receiving” and was used as a proxy for poverty status since
the lowest-income students (specifically, those whose families earn less than 185% of the federal

poverty level (FPL)) are eligible for FRL.

D. Analysis

Data was compiled and cleaned in preparation for analysis. Variables were missing data
either because the students were not enrolled in the participating schools for the entirety of the
study or because their observation did not meet criteria for inclusion (e.g., for accelerometer
data). Just 0 to 0.1% of students were missing demographic information about race/ethnicity,
FRL status, ELL, and SWD. For BMI, 10.8% were missing data in Grade 3 Fall, 6.6% in Grade
4 Fall, 12.5% in Grade 4 Spring, and 20.5% in Grade 5 Fall. CRF data was missing for 7.5% of
students in Grade 4 Fall, 14.9% in Grade 4 Spring, and 18.4% in Grade 5 Fall. Only 6.0% of
students were missing Grade 3 standardized test scores, and just 3.3% were missing Grade 4

standardized test scores. Between 8.4% and 12.2% were missing average Grade 3 course grades
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across the four subjects investigated (math, reading, spelling, and writing), and between 14.4%
and 16.5% were missing course grades across the four subjects in Grade 5 Fall. Accelerometer
data for MVVPA and sedentary time was missing for 12.5% of students in Grade 4 Fall, 23.0% of
students in Grade 4 Spring, and 27.3% of students in Grade 5 Fall.

Multiple imputation was used to account for missing data. Twenty imputed datasets
were created using the multilevel multiple imputation program Blimp (Enders et al., 2018).
Implausible imputed values (e.g., a course grade higher than 100) were set to the upper or
lower bound value for each variable. For variables without a clear cutoff for plausible
values, imputed values were bounded by the highest and lowest values in the non-imputed
data.

Descriptive statistics were first run on the non-imputed data set for student demographics,
weight status, accelerometer-measured PA, CRF, attendance, standardized test scores, and course
grades.

Two-level multilevel models were run with students nested within schools and
synthesizing data across the 20 imputed sets. The teacher level was not included in multi-level
analyses since students with departmentalized teachers did not remain with the same teacher
across core subjects.

First, models assessed the crude associations between longitudinal weight status and
academic outcomes (Model A).

The same associations were then assessed but adjusted for prior achievement, FRL, sex,
race/ethnicity, SWD, and ELL (Model B). Adjusting for prior achievement focused analyses on
the association of academic achievement with students’ weight status specifically during the

follow-up period. Prior achievement data was based on Grade 3 academic performance. For
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analyses with Grade 4 standardized tests as the outcome, Grade 3 standardized test scores were
used to measure prior achievement. For analyses with Grade 5 Fall course grades as the outcome,
course grades averaged across Grade 3 Fall and Spring were used to measure prior achievement.
For example, models with Grade 5 Fall math grade as the outcome adjusted for each student’s
Grade 3 average math grade.

A third set of models (Model C) adjusted for dichotomized cardiorespiratory fitness in
addition to the covariates in Model B. A fourth set of models (Model D) assessed moderation by
dichotomized cardiorespiratory fitness while adjusting for the covariates in Model B. A fifth set
of models (Model E) assessed moderation by sex while adjusting for the covariates in Model B.
A sixth set of models (Model F) assessed moderation by race/ethnicity while adjusting for the
covariates in Model B. Final estimates of fixed and random effects were estimated using
Rubin’s rules (Rubin & Schenker, 1991). Models A through F were first run with
longitudinal overweight/obesity status as exposure; then they were run with longitudinal
obesity status as exposure.

Mediation analyses were then conducted to measure the indirect effect of weight status
on academic achievement through mean school-day MVPA, mean school-day sedentary time,
Grade 4 attendance, and median CRF. Pathway A (see Figure 1) was estimated by running a two-
level model with longitudinal weight status as the exposure, the mediator of interest as the
outcome, and adjusting for all the covariates from Model B except for prior achievement.
Pathways B and C (see Figure 1) were estimated by running a two-level model with longitudinal
weight status and the mediator of interest as the exposures and adjusting for all the covariates
from Model B. Indirect effects were calculated by multiplying pathways A and B (i.e., the

product method), and 95% confidence intervals were estimated using Monte Carlo simulation.
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Figure 1. Mediation pathways from weight status to academic achievement
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I11. Results

A. Descriptive statistics

The 4,936-student study population was evenly split between girls (n=2,468, 50%) and
boys (n=2,468, 50%) (Table 1). About a third of students were Latino (n=1,640, 33.2%), about a
quarter were Black (n=1,243, 25.2%), about a quarter were White (n=1,226, 24.8%), 12.2% were
Asian (n=601), and 221 were of other race (4.5%). Slightly more than half received either free
(n=2,206, 44%) or reduced-price (n=416, 8.4%) lunch in Grade 4. The median age in Grade 4
Fall was 9 years (interquartile range (IQR) 9-9) and 10 in Grade 4 Spring (IQR 10-10). Almost a
quarter of students were current ELL in Grade 4 (n=1,156, 23.4%) and 12.9% had a physical or
learning disability (n=637).

Across the four time points where weight status was measured, approximately 25% of
students were obese, 18% were overweight, 55% were healthy weight, and 2% were
underweight. In both longitudinal follow-up periods (Grade 3 Fall to Grade 4 Spring; Grade 3

Fall to Grade 5 Spring), about 37% of participants were persistently overweight/obese, 51%
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persistently non-overweight/obese, 5% became overweight/obese, and 5% became non-
overweight/obese. Likewise, longitudinal obesity status was very similar in the two follow-up
periods; approximately 21% of participants were persistently obese, 70% were persistently non-
obese, 4.5% became obese, and 4.5% became non-obese.

Median CRF was relatively consistent across measurement periods: 40.8 (IQR 39.0-43.9)
in Grade 4 Fall, 41.8 (IQR 39.7-45.1) in Grade 4 Spring, and 41.5 (IQR 39.1-45.0) in Grade 5
Fall.

In Grade 3, median standardized ELA score was 527 (IQR 488-566) and median math
score was 541 (IQR 506-577). In Grade 4, median ELA score was 535 (IQR 497-574) and
median ELA score was 548 (IQR 511-585). Lexile scores rose from a median of 720 (IQR 585-
895) in Grade 3 to median 900 (IQR 750-1,055) in Grade 4. When averaging students’ two
semesters of Grade 3 course grades, median scores for math, reading, and writing were about 85,
while median spelling score was 90. The same pattern was observed in Grade 5 Fall course
grades.

Average minutes of school-day MVPA declined from Grade 4 to Grade 5. Median
average minutes of school-day MVPA was 20.0 (IQR 14.7-26.3) in Grade 4 Fall, 20.0 (IQR
14.6-27.4), in Grade 4 Spring, and 17.5 (IQR 12.6-24.2) in Grade 5 Fall. Conversely, median
average minutes of school-day sedentary time rose from Grade 4 to Grade 5. Median average
minutes of school-day sedentary time was 244.3 (IQR 221.9-264.5) in Grade 4 Fall, 238.1
(214.7-260.1) in Grade 4 Spring, and 254.6 (233.0-275.8) in Grade 5 Fall. Median percent school

days attended in Grade 4 was 97.8 (IQR 95.6-98.9).
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B. Multi-level Models — Longitudinal Overweight/Obesity Status

All statistical significance testing is with a Bonferroni corrected p-value of 0.00008 for
multiple testing.

In the unadjusted models (Model A), there were small, significant negative associations
between persistent overweight/obesity and all academic outcomes (Table 2). Persistently
overweight/obese students scored 4.3 points lower on math and ELA standardized tests (p=0.006
to 0.009 respectively), 13.8 points lower on the lexile (p=0.039), and between 1 and 1.5 points
lower on Grade 5 Fall course grades (p=0.000). Students who became overweight/obese had
significant negative associations of larger magnitude: -7.66 points lower on Grade 4 ELA
standardized tests, 33.9 points lower on the lexile, and between -1.5 and 2.4 points lower on
Grade 5 Fall course grades. There were no significant associations in Model A for students who
became non-overweight/obese.

When adjusting for FRL, race/ethnicity, sex, SWD, ELL, and prior achievement (Model
B), all negative associations for standardized test scores became smaller in magnitude (their sign
reversed for persistently overweight/obese students) and were no longer statistically significant.
There were still small, borderline significant associations for Grade 5 course grades. Persistently
overweight/obese students scored 0.63 points lower in math and 0.58 points lower in writing
when controlling (p=0.024 and 0.009 respectively). Students who became overweight/obese
scored between 0.86 and 1.38 points lower across Grade 5 Fall reading, writing, and math
(p=0.035, 0.004, and 0.007 respectively).

When controlling for dichotomized CRF in addition to Model B’s covariates (Model C),
all associations became marginal and insignificant for persistently overweight/obese students.

There remained some marginally significant associations for students who became
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overweight/obese for Grade 5 Fall math (p=-1.136, p=0.027) and writing grades (f=-0.952
p=0.018).

When investigating moderation by dichotomized CRF (Model D), interaction coefficients
were consistently negative for Grade 4 standardized test scores and generally positive for Grade
5 Fall course grades. No interaction terms were statistically significant.

Models E and F did not indicate moderation by sex or race/ethnicity. This is despite
models consistently showing different academic performance patterns across sex and
race/ethnicity. Girls consistently performed better in reading, writing, and ELA and worse in
math than boys, while White students consistently performed worse than Asian students and

better than Black Students.

C. Multi-level Models — Longitudinal Obesity Status

In the unadjusted models (Model A), persistently obese students had consistently lower
academic performance across outcomes, including 4.3 points lower on Grade 4 standardized
math (p=0.006), 6.9 points lower on standardized ELA (p=0.000), 23.9 points lower on lexile
(p=0.002), and between 1.2 and 2.1 points lower on Grade 5 Fall course grades (Table 3).
Students who became obese had lower performance of even greater mangitude on standardized
test scores, including 16.4 points lower on Grade 4 standardized ELA (p=0.000) and 63.7 points
lower on lexile (p=0.000). Course grade associations were more marginal for students who
became obese, and the association was only significant for writing (f=-1.605, p=0.004).
Associations were very small, generally positive, and statistically non-significant for students

who became non-obese during follow up.
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When adjusting for FRL, race/ethnicity, sex, SWD, ELL, and prior achievement (Model
B), all negative associations between persistent obesity and standardized test scores became
smaller in magnitude and were no longer statistically significant. Small negative associations that
were borderline significant remained between persistent obesity and Grade 5 Fall math (B=-
0.765, p=0.018) and writing grades (f=-0.590, p=0.021). Negative, borderline statistically
significant associations remained between students who became obese and standardized ELA
(p=-5.986, p=0.025) and lexile (p=-25.308, p=0.032).

When controlling for dichotomized CRF in addition to Model B’s covariates (Model C),
all associations became marginal and not significant for persistently obese students. Magnitudes
of negative associations for students who became obese were larger but not statistically
significant. There was one positive, borderline statistically significant positive association
between formerly obese students and Grade 4 standardized ELA ($=5.812; p=0.013).

Similar to analyses for longitudinal overweight/obesity status, Models D, E, and F did not

indicate moderation by dichotomized CRF, sex, or race/ethnicity.

D. Mediation analyses

Persistent overweight/obesity was significantly negatively associated with school-day
MVPA averaged across Grade 4 Fall, Grade 4 Spring, and Grade 5 fall (=-1.387, p=0.000), and
significantly negatively associated with median CRF across Grade 4 Fall, Grade 4 Spring, and
Grade 5 Fall (B=-3.230, p=0.000) (Table 4). The association between persistent
overweight/obese and average sedentary time across the three accelerometer semesters was
marginal and not significant. There was a slight negative association with Grade 4 attendance

that was not statistically significant.
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Persistent obesity exhibited similar patterns with mediators, but with slightly larger
magnitudes. The negative association with mean MVPA was -1.415 (p=0.000) and the negative
association with median CRF was -3.537 (p=0.000). Again, the association with mean sedentary
time was marginal and not significant. There was also a slight negative, borderline significant
association with Grade 4 attendance (p=-0.256, p=0.023).

Mean school-day MVPA was significantly negatively associated with all academic
outcomes (Table 5). However, as detailed in a separate manuscript, the magnitudes of these
associations are all negligible in practical terms (Elish, 2021).

Mean school-day sedentary time was significantly positively associated with academic
achievement. However, as with MVPA, the very small magnitude of these associations makes
them negligible in partical terms.

Grade 4 attendance was consistently positively associated with academic performance,
though the magnitudes are small. A 1-percent increase in attendance would be expected to
increase course grades by between 0.18 and 0.41 points, increase standardized math and ELA
scores by about 0.9 points, and lexile by about 3.6 points.

CRF was also consistently positively associated with academic performance, although
magnitudes were small. A one-point increase in CRF (which is highly feasible) would be
expected to increase course grades by between 0.13 and 0.20 points, increase math and ELA
standardized test scores by between 0.25 and 0.59 points, and increase lexile by between 1.8 and
2.1 points.

For persistently overweight/obese students, estimated indirect effects were significant for
MVPA and CRF and not significant for sedentary time and attendance (Table 6). Indirect effects

from overweight/obesity through MVPA (specifically the lower MVPA associated with
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overweight/obesity in the sample) were positive, with magnitudes of 0.07 to 0.11 for course
grades, of 0.33 to 0.43 for standardized math and ELA respectively, and 1.36 for lexile. The
magnitudes of the negative indirect effects through CRF were larger, ranging from -0.43 to —-0.64
for course grades, -1.06 and -1.81 for standardized math and ELA respectively, and -6.46 for
lexile.

Estimated indirect effects for persistent obesity showed similar patterns, except that
negative indirect effects through Grade 4 attendance were also significant. There were small
positive indirect effects through MVPA that ranged from 0.07 to 0.11 for Grade 5 Fall course
grades, 0.35 and 0.46 for standardized math and ELA respectively, and 1.45 for lexile. Again,
these were outweighed by negative indirect effects of larger magnitude through CRF, from -0.46
to -0.67 for course grades, -0.90 and -1.78 for standardized math and ELA respectively, and -
6.17 for lexile. Negative indirect effects through Grade 4 attendance were small, ranging from -

0.05 (for Grade 5 Fall reading) to -0.927 (for Grade 4 lexile).

IV. Discussion

The present study found only insignificant, marginal negative impacts of persistent
overweight/obesity on academic performance after controlling for sociodemographic
characteristics. The associations did not differ across sexes or racial/ethnic groups and were
primarily seen for teacher-assigned course grades. There were also some indications of negative
associations for students who became overweight/obese during follow up. Any negative
associations between overweight/obesity and academic achievement appear attributable to
obese/overweight students’ lower CRF. This indirect effect through CRF outweighed a small

positive indirect effect through obese/overweight students’ lower school-day MVPA and a small
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negative indirect effect through obese students’ lower attendance. The fact overweight/obesity
was significantly associated with school-day MVPA but not school-day sedentary time suggests
that PA disparities in school across weight status relate to intensity of PA (i.e., time spent in

MVPA as opposed to light PA), rather than amount of PA.

The lack of a strong, consistent negative association between weight status and academic
achievement in this study aligns with existing research. A 2019 meta-analysis of 164,049
participants found only a weak negative correlation between BMI and academic achievement,
and the meta-analysis did not account for SES or physical fitness (He et al., 2019). A 2017
systematic review of 23 cross-sectional and 11 longitudinal studies found that the association
between obesity and academic performance was uncertain after controlling for covariates
including socioeconomic status and PA (Santana, Hill, et al., 2017). Among the four longitudinal
studies with low risk of bias, only 2 of the 4 identified a negative association, and just 2 of the 7
longitudinal studies with medium risk of bias found a significant negative association (Santana,

Hill, et al., 2017).

The lack of moderation by sex is more divergent from previous studies, but may reflect
the age of this study’s cohort. A 2017 systematic review found evidence of a consistent negative
association among girls, but only among adolescents (Martin et al., 2017). More broadly, the
lack of significant negative associations in this study aligns with prior research suggesting a
weaker association between weight status and academic achievement among pre-adolescent
children. A 2019 meta-analysis found the smallest pooled effect size for BMI on academic
achievemetn among elementary school students compared to middle school and high school

students (He et al., 2019). Two systematic reviews suggest that this could be due to cognitive
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development processes wherein pubertal prefrontal cortex development is particularly important
for the development of executive function (Liang et al., 2014; Martin et al., 2017).

The findings suggesting a slightly more consistent negative association for students who
became overweight/obese (as opposed to students who were persistently overweight/obese)
aligns with other prior studies. One study from the ECLS-K cohort found that among girls, those
that moved from non-overweight to overweight status during kindergarten to third grade
experienced a decline in standardized reading and math test scores (Datar & Sturm, 2006).
Another ECLS-K study of students from kindergarten to fifth grade found significantly negative
math scores in girls who became obese during the study period (Gable et al., 2012). An ECLS-K
study of children from kindergarten to third grade found significantly lower math scores in
children who became obese (Wendt, 2009).

There is less research on differences in this association across racial and ethnic groups,
however, the lack of moderation by race/ethnicity aligns with some prior literature. Studies
among racial minorities in the U.S. have generally found other factors beyond weight status to be
more important for academic achievement. In one study in Massachusetts, CRF was especially
important for Black students; Black students who had high CRF achieved the same performance
as Black students of higher socioeconomic status who did not have high CRF (Aske et al., 2018).
Another study in a predominantly Latino school system found that grit (a construct representing
perseverance) was more important than BMI or physical fitness for predicting Latino students’
academic performance in English (Cosgrove et al., 2018).

This study’s finding of the importance of CRF for academic achievement aligns with a
large body of research. A 2017 systematic review of 45 studies examining the relationship

between various physical fitness components and academic achievement found especially strong
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evidence for a positive relationship between CRF and academic achievement (Santana, Azevedo,
et al., 2017). This positive relationship was again identified in a 2018 systematic review of 51
studies (Marques et al., 2018). A 2020 systematic review and meta-analysis also identified a
significant positive relationship and noted that the relationship was stronger in boys compared to
girls. This meta-analysis also noted a stronger positive relationship between cardiorespiratory
fitness and academic achievement among children compared to adolescents (Alvarez-Bueno et
al., 2020), which could help explain cardiorespiratory fitness’ larger role relative to weight status
in this pre-adolescent sample.

This study also contributes support to the “fat but fit paradox” that has been observed in
other studies. Several previous U.S. studies similarly suggest that CRF attentuates any negative
associations between weight status and academic achievement. A longitudinal study of over
1,200 students in Masschusetts from fifth to eighth grade found that positive associations
between healthy weight and standardized test scores in math and ELA became either marginal or
entirely disappeared when controlling for sociodemographic characteristics and cardiorespiratory
fitness (Aske et al., 2018). Another cross-sectional study of 968 fifth grade students in West
Virginia found that there was no association between weight status and standardized test scores
for reading and language arts, math, science, and social studies after controlling for
cardiovascular risk (blood pressure and presence of diabetes) and an overall fitness score based
on the Fitnessgram (Cottrell et al., 2007). A study of 1,989 California students ages 10 to 16 also
found that increasing quintiles of BMI scored progressively lower on standardized tests for math
and reading, but the association was no longer significant when controlling for fitness level

(Roberts et al., 2010).
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These “fat but fit paradox” patterns are also evident in research outside the U.S. A study
of 36,870 13 and 14-year-olds in Chile found that “high fatness” participants had higher
academic achievement if they were fit, and the relationship between fatness variables and
academic achievement was partially or fully mediated by physical fitness (Garcia-Hermoso et al.,
2017). At least four studies in Spain with samples ranging from 250 to 1,802 also indicate that
negative associations between overweight/obesity and academic achievement are reduced or
eliminated by high CRF (Garcia-Hermoso et al., 2021; Martinez-Vizcaino et al., 2021;
Muntaner-Mas et al., 2018; Torrijos-Nifio et al., 2014).

The present study benefits from at least six strengths. First, it has a large sample of nearly
5,000 students across 40 elementary schools. Second, the sample is highly diverse, with the large
number of Latino, Black, and Asian participants reflecting diversity across the U.S. nationally.
Third, the study is longitudinal and collected student data across two years, allowing greater
potential for causal inference. Fourth, the collection of data from a single school district ensured
greater consistency in recording data ranging from demographic information to FitnessGram data
in physical education classes. Fifth, incorporation of mediation by school-day PA is novel
compared to other studies on the association between weight status and academic achievement.
Finally, this PA data is also valuable because it objectively measures PA via accelerometers,
rather than relying on self reports.

Despite these strengths, this study has at least 4 limitations. First, the 20-meter shuttle run
is not a perfect measure of CRF since student performance could be influenced by motivation.
Nevertheless, it is a standard measure of CRF in the literature on childhood cardiorespiratory
fitness. Second, it is also possible that not all physical education teachers measured height and

weight the same way. This inconsistency was reduced by all PE teachers receiving the same
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training for conducting FitnessGram tests. Third, analyzing Grade 5 spring standardized test
scores and course grades would have given the study a longer follow-up time, but this became
impossible due to the COVID pandemic. Finally, most variables had some missing data, but this
was addressed through multiple imputation and analysis across 20 imputed data sets.

Future research should prioritize longitudinal design to understand how long-term
changes in weight status and CRF interact to affect academic achievement across age groups.
Longitudinal studies should also investigate how school-day PA contributes to CRF and
academic achievement in the long term. There is also a continued need for neuroscience
investigations that explore the neuro-cognitive mechanisms underlying the “fat but fit” paradox.
Future studies should also compare findings acrosss different measures of academic
performance, including standardized tests and teacher-assigned course grades.

This study has important implications for education policy. While overweight and obesity
have a multitude of negative impacts on child health and can negatively impact pediatric
cognition (Esteban-Cornejo et al., 2019; Maayan et al., 2011; Ou et al., 2015), these impacts are
less important than CRF when determining academic performance. Policies that promote CRF
among children could help elevate academic performance, especially among overweight/obese
students who generally have lower CRF. Some of the existing CRF disparity based on weight
status could be attributable to lower levels of MVPA among overweight and obese studenes in
the school setting. This could be addressed by designing active breaks, recess activities, and

other initiatives during the school-day that focus on higher-intensity PA.
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Table 1. Demographic Characteristics, Physical Fitness Attributes, and Academic Outcomes for Study Participants, Grades 3 to 5 (n=4,936)

Variable N / median % / 1QR % Missing
Sex
Female 2,468 50.0 0
Male 2,468 50.0
Race / Ethnicity
Asian 601 12.2
Black 1,243 25.2
Latino 1,640 33.2 0.1
White 1,226 24.8
Other 221 45
Grade 4 Free / Reduced-Price Lunch Status
Free 2,206 44.7
Reduced price 416 8.4 0.1
Not receiving free / reduce-price lunch 2,309 46.8
Age (years)
Grade 4 Fall 9 9-9 0
Grade 4 Spring 10 9-10 0
Current English Language Learner
Yes 1,156 23.4 01
No 3,775 76.5 '
Student with Disabilities
Yes 637 12.9 01
No 4,294 87.0 '
Weight status, Grade 3 Fall
Obese 1,106 25.1
Overweight 762 17.3 10.8
Healthy weight 2,384 54.1 '
Underweight 152 35
Weight status, Grade 4 Fall
Obese 1,180 25.6
Overweight 814 17.7 6.6
Healthy weight 2,532 54.9 '
Underweight 82 1.8
Weight status, Grade 4 Spring
Obese 1,031 23.9 125
Overweight 772 17.9 '



Healthy weight 2,428
Underweight 87
Weight status, Grade 5 Fall
Obese 1,024
Overweight 732
Healthy weight 2,090
Underweight 80
Longitudinal obesity status, Grade 3 Fall to Grade 4 Spring
Persistently Obese 789
Became Obese 150
Formerly Obese 195
Persistently Non-Obese 2,767
Longitudinal obesity status, Grade 3 Fall to Grade 5 Fall
Persistently Obese 756
Became Obese 187
Formerly Obese 126
Persistently Non-Obese 2,486
Longitudinal overweight/obesity status, Grade 3 Fall to Grade 4 Spring
Persistently Overweight/Obese 1,427
Became Overweight/Obese 215
Formerly Overweight/Obese 235
Persistently Non-Overweight/Obese 2,024
Longitudinal overweight/obesity status, Grade 3 Fall to Grade 5 Fall
Persistently Overweight/Obese 1,328
Became Overweight/Obese 277
Formerly Overweight/Obese 165
Persistently Non-Overweight/Obese 1,785
Average minutes of school-day MVPA
Grade 4 Fall 20.0
Grade 4 Spring 20.0
Grade 5 Fall 175
Average minutes of school-day sedentary time
Grade 4 Fall 244.3
Grade 4 Spring 238.1
Grade 5 Fall 254.6
Cardiorespiratory fitness (CRF, VO2Max)
Grade 4 Fall 40.8
Grade 4 Spring 41.8
Grade 5 Fall 415

Number of days enrolled, Grade 4 180

56.2
2.0

26.1
18.6

53.2
2.0

20.2
3.8
5.0

70.9

21.3
5.3
3.5

69.9

36.6
55
6.0

51.9

37.4
7.8
4.6

50.2

14.7-26.3
14.6-27.4
12.6-24.2

221.9-264.5
214.7-260.1
233.0-275.8

39.0-43.9

39.7-45.1

39.1-45.0
180-180

20.5

21.0

28.0

21.0

28.0

12.5
23.0
23.0

12.5
23.0
27.3

75
14.9
18.4
0.01

44



% days attended, Grade 4

Grade 3 Georgia Milestones Tests
English Language Arts Scale Score
Math Scale Score
Lexile

Grade 4 Georgia Milestones Tests
English Language Arts Scale Score
Math Scale Score
Lexile

Grade 3 Average Course Grades
Math
Reading
Spelling
Writing

Grade 5 Fall Course Grades
Math
Reading
Spelling
Writing

97.8

527.0
541.0
720.0

535.0
548.0
900.0

85.0
84.0
90.0
85.5

84.0
84.0
90.0
86.0

95.6-98.9

488.0-566.0
506.0-577.0
585.0-895.0

497.0-574.0
511.0-585.0
750.0-1055.0

78.5-90.5
77.5-90.0
83.5-94.5
79.5-90.5

75.0-91.0
77.0-90.0
82.0-95.0
80.0-91.0

0.01

6.0
6.0
6.0

3.3
3.3
3.3

8.4
8.4
12.2
9.1

15.1
14.4
16.5
15.0

45




Table 2. Associations between longitudinal overweight/obesity status from Grades 3 to 4/5 and academic performance measured by Grade 4
standardized test scores and Grade 5 Fall course marks

46

Georgia Milestones Grade 4 Standardized Tests

Grade 5 Fall Course Grades

Math Score ELA Score Lexile Math Reading Spelling Writing

Weight Beta p Beta p Beta p Beta p Beta p Beta p Beta p
Category (SE) (SE) (SE) (SE) (SE) (SE) (SE)

Model A: Unadjusted Model

Persistently  -4.381 0.006 -4.332 0.009 -13.843 0.039 -1.530 0.000 -1.013 0.000 -1.036 0.000 -1.422 0.000
overweight  (1.604) (1.651) (6.703) (0.362) (0.283) (0.293) (0.259)

/ obese?

Became -6.259 0.066 -7.656 0.025 -33.946 0.014 -2.406 0.000 -1.932 0.000 -1.639 0.003 -1.983 0.000
overweight  (3.394) (3.405) (13.804) (0.650) (0.517) (0.541) (0.484)

/ obese?

Formerly 0.175 0.957 -0.592 0.864 -1.610 0.907 0.776 0.346  0.586 0.380 0.321 0.622 0.416 0.479
overweight  (3.264) (3.450) (0.907) (0.822) (0.666) (0.650) (0.588)

/ obese?

Model B: Adjusted Model 12

Persistently  0.336 0.725 0.330 0.754 2.679 0.582 -0.630 0.024 -0.116 0.605 -0.200 0.443 -0.575 0.009
overweight  (0.957) (1.052) (4.866) (0.279) (0.224) (0.261) (0.221)
/ obese?

Became -3.298 0.079 -0.761 0.718 -10.427 0.271 -1.378 0.007 -0.861 0.035 -0.864 0.073 -1.143 0.004
overweight  (1.878) (2.104) (9.460) (0.507) (0.035) (0.480) (0.396)
/ obese?

Formerly 1.931 0.335 1.387 0.508 8.195 0.378 0.552 0.403 0.826 0.107 0491  0.407 0472 0.326
overweight  (0.335) (0.508) (9.296) (0.660) (0.107) (0.591) (0.480)
/ obese?

Model C: Adjusted Model 22P

Persistently  1.460 0.158 1.850 0.102 7.015 0.183 -0.161 0.596 0.152 0531 0.124 0.659 -0.208 0.386
overweight  (1.033) (1.130) (5.261) (0.302) (0.243) (0.280) (0.239)

/ obese?
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Became -2.791 0.140 -0.085 0.968 -8.469 0.371 -1.136 0.027 -0.722 0.080 -0.695 0.152 -0.952 0.018
overweight  (1.889) (2.109) (9.464) (0.513) (0.411) (0.483) (0.399)

/ obese?

Formerly 2.083 0.299 1.597 0.446 8.780 0.345 0.612 0.356  0.857 0.096 0528 0371 0.516 0.284
overweight  (0.299) (0.446) (9.298) (0.661) (0.513) (0.590) (0.481)

/ obese?

Model D: Adjusted, and Moderation by Cardiorespiratory Fitness?

Persistently  3.211 0.065 4.034 0.036 15980 0.078 -0.473 0.347 0.069 0.863 0.088 0.852 -0.306 0.431
overweight  (1.739) (1.920) (9.059) (0.502) (0.403) (0.474) (0.389)

/ obese?

Became -1.915 0.564 1.375 0.712 -6.499 0.700 -1.721 0.047 -0.999 0.121 -1.103 0.167 -0.793 0.193
overweight  (3.314) (3.727) (16.864) (0.864) (0.643) (0.796) (0.608)

/ obese?

Formerly 2.998 0.435 2.931 0.498 18.341  0.357 0.502 0.703 0.765 0.462 1168 0.319 0.465 0.636
overweight  (3.835) (4.319) (19.896) (1.316) (1.039) (1.171) (0.981)

/ obese?

Persistently  -2.807 0.199 -3.468 0.148 -14.308 0.199 0.469 0.473 0.109 0.834 0.041 0944 0.182 0.711
overweight  (2.181) (2.396) (11.137) (0.652) (0.520) (0.591) (0.489)

/ obese? *

Fit

Became -1.007 0.806 -1.822 0.709 -1.237 0.953 0.879 0.433 0.429 0595 0.666 0.511 -0.286 0.708
overweight  (4.094) (4.869) (21.010) (1.119) (0.808) (1.012) (0.764)

/ obese? *

Fit

Formerly -1.125 0.794 -1.654 0.732 -12.207 0.589 0.127 0.931 0.116 0.922 -0.848 0.521 0.063 0.955
overweight  (4.301) (4.821) (22.592) (1.463) (1.187) (1.321) (1.122)

/ obese? *

Fit

Model E: Adjusted, and Moderation by Sex?

Persistently  0.202 0.879 0.307 0.831 2.919 0.660 -0.609 0.112 -0.054 0.867 -0.066 0.853 -0.487 0.114
overweight  (1.333) (1.440) (6.630) (0.383) (0.319) (0.358) (0.308)

|/ obese?
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Became -0.876 0.728 0.126 0.965 -2.407 0.856 -1.541 0.028 -0.774 0.143 -1.132 0.081 -0.939 0.088

overweight  (2.516) (2.872) (13.279) (0.698) (0.528) (0.648) (0.549)

/ obese?

Formerly -0.177 0.950 -2.040 0.497 -5.879 0.666 -0.019 0.984 0.218 0.771 0.672 0.435 0.195 0.776

overweight  (2.800) (3.002) (13.634) (0.950) (0.749) (0.860) (0.683)

/ obese?

Sex -7.646 0.000 4.026 0.002 11.361 0.056 -0.073 0.842 1.465 0.000 1.488 0.000 1.985 0.000
(1.168) (1.299) (5.937) (0.366) (0.288) (0.337) (0.283)

Persistently  0.276 0.880 0.009 0.997 -0.593 0.948 -0.050 0.925 -0.130 0.765 -0.276 0581 -0.177 0.671

overweight  (1.828) (2.011) (9.173) (0.536) (0.436) (0.500) (0.417)

/ obese? *

Sex

Became -5.297 0.158 -1.997 0.637 -17.615 0.366 0.336 0.738 -0.188 0.810 0.578 0.523 -0.428 0.566

overweight  (3.753) (4.233) (19.468) (1.006) (0.779) (0.903) (0.746)

/ obese? *

Sex

Formerly 3.889 0.294 6.328 0.123 25.912 0.180 1.109 0.364 1.185 0.229 -0.345 0.758 0.543 0.545

overweight  (3.702) (4.095) (19.320) (1.221) (0.985) (1.121) (0.897)

/ obese?® *

Sex

Model F: Adjusted, and Moderation by Race/Ethnicity 2

Persistently  -0.414 0.838 -1.874 0.399 -8.665 0.392 -1.038 0.076 -0.634 0.186 -0.378 0.503 -0.787 0.098

overweight  (2.020) (2.220) (10.129) (0.585) (0.479) (0.563) (0.475)

/ obese?

Became -7.100 0.057 1.165 0.778 3.433 0.860 -1.853 0.054 -0.949 0.223 -0.975 0.331 -1.437 0.078

overweight (3.722) (4.137) (19.386) (0.958) (0.778) (1.000) (0.810)

|/ obese?

Formerly 3.242 0.398 1.999 0.639 14.557 0.449 2.011 0.093 0.021 0.983 -0.044 0.969 0.606 0.517

overweight  (3.831 (4.254) (19.228) (1.197) (0.945) (1.112) (0.934)

/ obese?

Asian 6.241 0.001 9.342 0.000 39.071 0.000 2.674 0.000 1.054 0.021 1.964 0.001 2.181 0.000
(1.951) (2.135) (9.667) (0.587) (0.455) (0.564) (0.460)



Black

Latino

Other

Persistently
overweight
/ obese? *
Asian

Became
overweight
/ obese? *
Asian

Formerly
overweight
/ obese? *
Asian

Persistently
overweight
/ obese? *
Black

Became
overweight
/ obese?® *
Black

Formerly
overweight
/ obese? *
Black

-7.705
(1.715)

-2.709
(1.803)

-2.968
(2.832)

3.414
(3.357)

3.644
(6.389)

2.857
(6.262)

1.309
(2.674)

4.328
(5.189)

-5.394
(5.191)

0.000

0.133

0.295

0.309

0.569

0.648

0.625

0.404

0.299

2.442
(1.913)

0.811
(2.030)

1.979
(3.143)

3.891
(3.732)

8.150
(6.984)

-1.766
(7.041)

4.075
(2.994)

-6.639
(5.941)

-0.836
(6.047)

0.202

0.690

0.529

0.297

0.243

0.802

0.174

0.264

0.890

-19.178
(8.652)

3.497
(9.194)

-0.406
(14.072)

6.447
(16.873)

21.417
(32.353)

-19.129
(31.884)

31.352
(13.591)

-29.510
(27.558)

-22.207
(27.406)

0.027

0.704

0.977

0.702

0.508

0.549

0.021

0.285

0.418

-2.655
(0.520)

-0.828
(0.558)

-0.914
(0.866)

0.739
(0.975)

0.382
(1.784)

-0.995
(1.999)

0.791
(0.782)

0.058
(1.358)

2.721
(1.816)

0.000

0.138

0.291

0.449

0.831

0.619

0.312

0.966

0.135

-1.776
(0.416)

-1.028
(0.458)

-0.508
(0.710)

1.125
(0.788)

-0.375
(1.345)

1.861
(1.523)

0.829
(0.638)

-0.391
(1.118)

-0.000
(1.363)

0.000

0.025

0.475

0.154

0.780

0.222

0.194

0.727

1.000

-1.087
(0.495)

-0.770
(0.513)

0.296
(0.836)

0.165
(0.921)

0.349
(1.755)

-0.137
(1.848)

0.309
(0.757)

-0.556
(1.399)

1.403
(1.642)

0.028

0.134

0.723

0.858

0.843

0.941

0.683

0.691

0.393

-1.374
(0.409)

-0.244
(0.429)

-0.286
(0.689)

-0.328
(0.775)

0.409
(1.337)

-0.256
(1.534)

0.667
(0.619)

-0.158
(1.130)

-0.243
(1.346)

0.001

0.570

0.678

0.672

0.760

0.867

0.281

0.889

0.857
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Persistently
overweight
/ obese? *
Latino

Became
overweight
/ obese?® *
Latino

Formerly
overweight
/ obese? *
Latino

Persistently
overweight
/ obese? *
Other

Became
overweight
/ obese? *
Other

Formerly
overweight
/ obese? *
Other

0.251
(2.507)

5.110
(4.989)

0.255
(5.024)

-0.631
(4.828)

12.862
(8.989)

-9.039
(11.160)

0.920

0.306

0.959

0.896

0.153

0.419

1.936
(2.827)

-4.532
(5.890)

0.676
(5.695)

-1.883
(5.433)

0.245
(11.033)

-11.507
(11.617)

0.493

0.442

0.906

0.729

0.982

0.322

8.197
(12.761)

-25.843
(26.569)

11.597
(25.734)

-20.147
(24.451)

-27.682
(46.210)

-67.422
(52.188)

0.521

0.331

0.652

0.410

0.549

0.197

0.231
(0.748)

0.794
(1.314)

-1.627
(1.716)

0.687
(1.484)

2.646
(2.137)

-2.031
(3.118)

0.757

0.546

0.344

0.643

0.216

0.515

0.529
(0.611)

0.574
(1.048)

1.692
(1.333)

-0.057
(1.163)

0.804
(1.690)

0.837
(2.341)

0.387

0.584

0.205

0.961

0.634

0.721

0.302
(0.726)

0.182
(1.297)

0.504
(1.536)

-0.757
(1.374)

2.403
(1.970)

0.942
(2.705)

0.677

0.888

0.743

0.581

0.223

0.728

0.170
(0.588)

0.790
(1.030)

0.003
(1.262)

0.429
(1.132)

0.614
(1.672)

-0.637
(2.284)

0.772

0.443

0.998

0.705

0.713

0.780

aBaseline weight status is from Grade 3 Fall. Follow-up weight status is from Grade 4 Spring for standardized test outcomes and from Grade 5 Fall for course

grade outcomes. “Persistently overweight/obese” indicates student was overweight/obese at baseline and follow-up. “Became overweight/obese” indicates
student was overweight/obese at follow-up but not baseline. “Formerly overweight/obese” indicates student was overweight/obese at baseline but not follow-up.

®Models B through F adjusted for FRL, sex, race/ethnicity, current English language learners, and students with disabilities.

®Model C also adjusts for dichotomized cardiorespiratory fitness (fit or unfit).
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Table 3. Associations between longitudinal obesity status from Grades 3 to 4/5 and academic performance measured by Grade 4 standardized test
scores and Grade 5 Fall course marks
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Georgia Milestones Grade 4 Standardized Tests

Grade 5 Fall Course Grades

Math Score ELA Score Lexile Math Reading Spelling Writing
Weight Beta p Beta p Beta p Beta p Beta p Beta p Beta p
Category (SE) (SE) (SE) (SE) (SE) (SE) (SE)
Model A: Unadjusted Model
Persistently  -4.381 0.006 -6.881 0.000 -23.870 0.002 -2.137 0.000 -1.219 0.000 -1.383 0.000 -1.712 0.000
obese? (1.604) (1.894) (7.665) (0.402) (0.322) (0.336) (0.299)
Became -6.259 0.066 -16.391 0.000 -63.691 0.000 -0.995 0.194 -0.751 0.223 -1.075 0.103 -1.605 0.004
obese? (3.394) (4.055) (16.309) (0.766) (0.616) (0.657) (0.562)
Formerly 0.175 0.957 4.982 0.164 14302 0.322 0.290 0.748 0.016 0.982 -0.016 0.982 0.347 0.578
obese? (3.264) (3.581) (14.427) (0.903) (0.703) (0.716) (0.624)
Model B: Adjusted Model 12
Persistently  -1.031 0.349 -0.704 0564 -2.121 0.701 -0.765 0.018 -0.037 0.887 -0.287 0.340 -0.590 0.021
obese? (1.102) (1.218) (5.530) (0.322) (0.258) (0.300) (0.255)
Became 0.603 0.789 -5.986 0.025 -25.308 0.032 -0.107 0.862 0.562 0.253 -0.211 0.722 -0.569 0.232
obese? (2.247) (2.666) (11.790) (0.611) (0.491) (0.591) (0.232)
Formerly 0.194 0.923 5.035 0.030 12.001 0.254 0.008 0.990 0.305 0.582 -0.139 0.829 0.095 0.855
obese? (2.015) (2.322) (10.525) (0.685) (0.554) (0.643) (0.855)
Model C: Adjusted Model 22P
Persistently  0.223 0.850 1.040 0.429 2.458 0.684 -0.173 0.613 0.345 0.226 0.118 0.718 -0.119 0.673
obese? (0.850) (1.315) (6.030) (0.342) (0.285) (0.326) (0.281)
Became 1.378 0541 -4.921 0.064 -22501 0.056 0.280 0.651 0.808 0.105 0.052 0931 -0.261 0.593
obese? (0.541) (2.650) (11.780) (0.620) (0.105) (0.600) (0.489)
Formerly 0.755 0.710 5.812 0.013 14.055 0.184 0.186 0.786  0.415 0.455 -0.020 0.975 0.236 0.651
obese? (0.710) (2.327) (10.560) (0.685) (0.455) (0.640) (0.521)

Model D: Interaction by Cardiorespiratory Fitness 2
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Persistently  1.426 0.360 1.832 0.315 6.646 0.424 -0.408 0.368 0.069 0.863 0.083 0.845 -0.161 0.660

obese? (1.556) (1.821) (8.317) (0.453) (0.403) (0.425) (0.367)

Became 2.777 0.390 -3.644 0.324 -19.585 0.252 -0.357 0.673 -0.999 0.121 -0.190 0.816 -0.320 0.620

obese? (3.228) (3.692) (17.084) (0.673) (0.643) (0.815) (0.645)

Formerly 4.765 0.135 5.395 0.146 5.925 0.720 0.317 0.788 0.765 0.462 0.284 0.789 -0.126 0.884

obese? (3.184) (3.708) (16.526) (0.788) (1.039) (1.061) (0.863)

Persistently -2.301 0.321 -1.799 0.513 -10.485 0.400 0.500 0.471 0.109 0.834 0.073 0911 0.071 0.900

obese® * Fit  (2.317) (2.747) (12.441) (0.471) (0.520) (0.652) (0.567)

Became -2.307 0.631 -2.351 0.658 -5.030 0.840 1.255 0.333 0.429 0.595 0.500 0.661 0.097 0.923

obese* * Fit  (4.796) (5.304) (24.826) (0.333) (0.808) (1.140) (1.004)

Formerly -6.653 0.111 0.917 0.848 14.887 0.492 -0.238 0.872 0.116 0.922 -0.488 0.717 0.573 0.600

obese® * Fit  (4.166) (4.790) (21.657) (0.872) (1.187) (1.347) (1.094)

Model E: Interaction by Sex?

Persistently  -1.892 0.205 -0.660 0.688 -0.064 0.993 -0.614 0.146 0.233 0.510 -0.166 0.691 -0.449 0.201

obese? (1.493) (1.646) (7.437) (0.423) (0.354) (0.418) (0.351)

Became -0.134 0.963 -7.339 0.027 -27.726  0.057 0.292 0.714 0.784 0.237 -0.242 0.741 -0.494 0.434

obese? (2.904) (3.305) (14.553) (0.796) (0.661) (0.731) (0.630)

Formerly -4.984 0.091 5.816 0.068 10.964 0.459 0.429 0.662 0.256 0.753 -0.025 0.979 -0.010 0.990

obese? (2.950) (3.188) (14.808) (0.982) (0.811) (0.943) (0.762)

Sex -8.522 0.000 4.133 0.000 11.733 0.020 0.142 0.650 1.627 0.000 1472 0.000 1.973 0.000
(0.981) (1.113) (0.020) (0.313) (0.244) (0.291) (0.239)

Persistently  1.732 0.414 -0.089 0.970 -4.452 0.673 -0.308 0.622 -0.574 0.239 -0.257 0.667 -0.303 0.522

obese?® * (2.119) (2.341) (10.555) (0.625) (0.487) (0.598) (0.472)

Sex

Became 1.619 0.727 3.564 0.495 6.477 0.783 -1.005 0.423 -0.536 0589 0.104 0926 -0.178 0.851

obese?® * (4.638) (5.216) (23.531) (1.253) (0.992) (1.122) (0.949)

Sex
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Formerly 10.040  0.013 -1.499 0.735 2.015 0.921 -0.784 0.564 0.091 0.933 -0.220 0.875 0.195 0.854

obese? * (4.032) (4.421) (20.281) (1.357) (1.094) (1.397) (1.056)

Sex

Model F: Interaction by Race/Ethnicity 2

Persistently  -3.119 0.241 -0.256 0.932 -4.909 0.716  -1.342 0.073 -0.528 0.390 -0.167 0.819 -0.996 0.093

obese? (2.658) (2.980) (13.495) (0.749) (0.614) (0.730) (0.593)

Became 2.770 0.608 -8.563 0.164 -53.278 0.051 -0.775 0.606 -0.480 0.695 0.650 0.644 -0.674 0.569

obese? (5.398) (6.138) (27.191) (1.500) (1.221) (1.406) (1.180)

Formerly -2.922 0.536 0.766 0.885 -16.618 0.490 1.260 0.445 1.123 0.390 -0.449 0.776 1.398 0.274

obese? (4.715) (5.138) (24.048) (1.651) (1.305) (1.575) (1.278)

Asian 7.285 0.000 10.421 0.000 39.615 0.000 2.857 0.000 1.302 0.001 1996 0.000 2.170 0.000
(1.706) (1.859) (8.367) (0.509) (0.398) (0.481) (0.394)

Black -7.974 0.000 -2.185 0.196 -19.570 0.010 -2.765 0.000 -1.755 0.000 -0.819 0.065 -1.297 0.000
(1.503) (1.689) (7.589) (0.448) (0.371) (0.442) (0.357)

Latino -2.578 0.105 1.042 0.554 4.381 0.584 -0.862 0.078 -0.812 0.037 -0.584 0.206 -0.110 0.766
(1.590) (1.761) (8.010) (0.489) (0.389) (0.461) (0.371)

Other -2.596 0.287 0.763 0.781 -12.705 0.302 -0.384 0.610 -0.492 0.410 0.637 0372 -0.197 0.736
(2.439) (2.739) (12.310) (0.754) (0.597) (0.714) (0.583)

Persistently  3.508 0.420 2.060 0.672 9.755 0.657 0.102 0.936 0.560 0.128 0.402 0.732 0.044 0.964

obese? * (4.354) (4.858) (21.964) (1.265) (1.030) (1.174) (0.972)

Asian

Became 6.052 0582 12424 0.296 25489 0.642 1.831 0.509 2.105 0.443 -0.571 0.821 0.985 0.651

obese? * (10.979) (11.869) (54.724) (2.766) (2.291) (2.520) (2.175)

Asian

Formerly -4.633 0.577 -5.967 0.506 -30.369 0.444 -1.692 0.524 0.151 0.248 0.052  0.983 -3.240 0.110

obese? * (8.305) (8.968) (39.708) (2.653) (2.154) (2.378) (2.025)

Asian

Persistently  2.745 0.421 0.554 0.884 21588  0.213 1.398 0.161 0.971 0.133 -0.520 0.584 0.540 0.473

obese? * (3.411) (3.794) (17.330) (0.998) (0.790) (0.950) (0.754)

Black



Became -0.784 0.908 -0.379 0.960 29.741  0.381 0.965 0.595 1.348 0.425 -0.836 0.624 1.244 0.389

obese? * (6.764) (7.531) (33.927) (1.811) (1.492) (1.703) (1.440)

Black

Formerly 6.941 0.258 10.088 0.140 62.832 0.037 -1.439 0.505 -0.844 0.251 0.418 0.834 -0.625 0.708
obese? * (6.132) (6.825) (30.113) (2.159) (1.744) (1.996) (1.664)

Black

Persistently  2.195 0.472 -1.639 0.635 -6.697 0.671 0.482 0.588 0.389 0.122 0.023 0.979 0.479 0.490
obese? * (3.054) (3.457) (15.767) (0.890) (0.719) (0.853) (0.694)

Latino

Became -3.697 0.576 4.839 0.503 38.798 0.230 0.784 0.658 1.077 0.377 -1.253 0.436 -0.823 0.535
obese? * (6.601) (7.215) (32.274) (1.771) (1.419) (1.607) (1.327)

Latino

Formerly 3.696 0.511 5.326 0.410 36.031 0.216 -1.465 0.456 -1.344 0.088 0.479 0.802 -1.725 0.246
obese? * (5.615) (6.458) (29.106) (1.963) (1.501) (1.905) (1.486)
Latino

Persistently  2.132 0.715 0.698 0915 -4.245 0.886 -0.206 0.905 0.315 0.092 -0.885 0.580 0.797 0.550

obese? * (5.839) (6.560) (29.569) (1.730) (1.353) (1.598) (1.333)

Other

Became -18.992 0.108 -0.508 0.970 52944 0.375 -0.774 0.802 1.514 0.189 -1.803 0.522 -0.541 0.813
obese? * (11.822) (13.346) (59.667) (3.080) (2.399) (2.814) (2.285)

Other

Formerly 7.025 0.568 -4.250 0.768 -20.714 0.745 -1.459 0.788 -0.844 0.048 -0.327 0.948 -0.790 0.860
obese? * (12.303) (14.377) (63.713) (5.415) (4.092) (5.031) (4.467)

Other

aBaseline weight status is from Grade 3 Fall. Follow-up weight status is from Grade 4 Spring for standardized test outcomes and from Grade 5 Fall for course
grade outcomes. “Persistently obese” indicates student was obese at baseline and follow-up. “Became obese” indicates student was obese at follow-up but not
baseline. “Formerly obese” indicates student was obese at baseline but not follow-up.

®Models B through F adjusted for FRL, sex, race/ethnicity, current English language learners, and students with disabilities.

®Model C also adjusts for dichotomized cardiorespiratory fitness (fit or unfit).
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Table 4. Associations between longitudinal weight status from Grade 3 to Grades 4/5 and mediators (MVPA, sedentary time, attendance, and CRF)?

Mean MVPA Mean MVPA Mean Sedentary ~ Mean Sedentary Grade 4 % Median CRF Median CRF
(Grade 4 Fall (Grade 4 Fall, Time (Grade 4 Time (Grade 4 Attended (Grade 4 Fall (Grade 4 Fall,
and Spring)®  Grade 4 Spring, Fall and Spring)® Fall, Grade 4 and Spring) Grade 4 Spring,
Grade 5 Fall)® Spring, Grade 5 Grade 5 Fall)
Fall)
Weight Beta p Beta p Beta (SE) p Beta (SE) p Beta (SE) p Beta p Beta p
Status (SE) (SE) (SE) (SE)
Persistently  -1.457  0.000 -1.387 0.000 0.995 0.247 0.879 0.255 -0.172 0.067 -3.100 0.000 -3.230 0.000
Overweight  (0.237) (0.213) (0.860) (0.772) (0.094) (0.112) (0.118)
/ Obese®
Persistently  -1.525  0.000 -1.415 0.000 1.211 0.232 1.031 0.261 -0.256 0.023 -3.385 0.000 -3.537 0.000
Obese® (0.276) (0.248) (1.014) (0.916) (0.113) (0.135) (0.136)

a Controlling for race/ethnicity, sex, free/reduced-price lunch, *current* English language learner, and student with disabilities

bBaseline weight status is from Grade 3 Fall. Follow-up weight status is from Grade 4 Spring for standardized test outcomes and from Grade 5 Fall for course
grade outcomes. “Persistently overweight/obese” indicates student was overweight/obese at baseline and follow-up. “Became overweight/obese” indicates
student was overweight/obese at follow-up but not baseline. “Formerly overweight/obese” indicates student was overweight/obese at baseline but not follow-up.
“Persistently obese” indicates student was obese at baseline and follow-up. “Became obese” indicates student was obese at follow-up but not baseline. “Formerly
obese” indicates student was obese at baseline but not follow-up.

‘Models for MVVPA and sedentary time also control for whether students were in intervention or control schools.
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Table 5. Associations between longitudinal overweight/obesity status, mediators (MVPA, Sedentary Time, Attendance, and CRF), and academic
performance measured by Grade 4 standardized test scores and Grade 5 Fall course marks

Grade 4 Standardized Test Scores Grade 5 Fall Course Grades
Math ELA Lexile Math Reading Spelling Writing
Scale Scale
Score Score
Beta p Beta p Beta p Beta p Beta p Beta p Beta p
Weight Status (SE) (SE) (SE) (SE) (SE) (SE) (SE)
MVPA
Persistently 0.118 0.896 -0.178 0.860 1.459 0.751 -0.603 0.025 -0.179 0.410 -0.195 0.435 -0.554 0.010
Overweight / (0.902) (1.004) (4.601) (0.268) (0.217) (0.250) (0.216)
Obese?
Mean MVPAP -0.225 0.000 -0.294 0.000 -0.931 0.003 -0.079 0.000 -0.076 0.000 -0.048 0.023 -0.065 0.000
(0.062) (0.071) (0.314) (0.022) (0.016) (0.021) (0.018)
Persistently Obese® -1.441 0.181 -1.189 0.321 -2994 0.581 -0.873 0.006 -0.205 0.424 -0.334 0.258 -0.648 0.011
(1.078) (1.198) (5.429) (0.319) (0.256) (0.295) (0.253)
Mean MVPAP -0.232 0.000 -0.299 0.000 -0.953 0.003 -0.079 0.000 -0.075 0.000 -0.049 0.021 -0.065 0.000
(0.062) (0.071) (0.314) (0.021) (0.016) (0.021) (0.018)
Sedentary Time
Persistently 0.371 0.681 0.167 0.868 2.608 0.571 -0.511 0.055 -0.091 0.674 -0.144 0.562 -0.480 0.027
Overweight / (0.900) (1.001) (4.602) (0.266) (0.217) (0.248) (0.216)
Obese?
Mean Sedentary 0.074 0.000 0.087 0.000 0.215 0.013 0.020 0.000 0.020 0.000 0.019 0.000 0.018 0.000
Time® (0.017) (0.019) (0.086) (0.005) (0.004) (0.005) (0.004)
Persistently Obese -1.180 0.271 -0.840 0481 -1816 0.738 -0.781 0.014 -0.119 0.642 -0.284 0.336 -0.576 0.023
(1.072) (1.191) (5.420) (0.317) (0.255) (0.295) (0.253)
Mean Sedentary 0.075 0.000 0.087 0.000 0.217 0.012 0.020 0.000 0.020 0.000 0.019 0.000 0.018 0.000
Time® (0.017) (0.019) (0.086) (0.005) (0.004) (0.005) (0.004)

Grade 4 % Attendance
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Persistently 0.563 0.530 0.369 0.712 3.338 0.468 -0.428 0.103 -0.043 0.842 -0.082 0.740 -0.414 0.054

Overweight / (0.897) (1.000) (4.597) (0.263) (0.216) (0.247) (0.214)

Obese?

Mean Grade 4 0.942 0.000 0.829 0.000 3.634 0.000 0.410 0.000 0.184 0.000 0.289 0.000 0.306 0.000

Attendance (0.145) (0.161) (0.752) (0.045) (0.037) (0.041) (0.035)

Persistently Obese® -0.885 0.409 -0.535 0.653 -0.664 0902 -0.671 0.032 -0.054 0.832 -0.200 0.495 -0.486 0.057
(1.071) (1.192) (5.418) (0.313) (0.255) (0.293) (0.255)

Mean Grade 4 0.937 0.000 0.825 0.000 3.620 0.000 0.409 0.000 0.184 0.000 0.289 0.000 0.306 0.000

Attendance (0.145) (0.161) (0.752) (0.045) (0.037) (0.041) (0.035)

Cardiorespiratory Fitness

Persistently 1520 0.118 2.087 0.053 9.408 0.059 0.148 0.610 0.360 0.123 0.368 0.174 0.127 0.595
Overweight / (0.973) (1.077) (4.983) (0.291) (0.234) (0.271) (0.595)

Obese?

Median 0.343 0.004 0.585 0.000 2085 0.001 0.199 0.000 0.134 0.000 0.154 0.000 0.183 0.000
Cardiorespiratory (0.120) (0.133) (0.598) (0.035) (0.028) (0.032) (0.000)

Fitness®

Persistently Obese? -0.181 0.873 1.059 0.404 4.692 0421 -0.098 0.771 0.365 0.185 0.250 0.426 0.078 0.775

(1.133) (1.271) (5.832) (0.337) (0.275) (0.426) (0.272)
Median 0.266 0.023 0526 0.000 1.822 0.002 0.188 0.000 0.131 0.000 0.146 0.000 0.179 0.000
Cardiorespiratory (0.117) (0.132) (0.594) (0.034) (0.027) (0.032) (0.027)

Fitness
aBaseline weight status is from Grade 3 Fall. Follow-up weight status is from Grade 4 Spring for standardized test outcomes and from Grade 5 Fall for course
grade outcomes. “Persistently overweight/obese” indicates student was overweight/obese at baseline and follow-up. “Became overweight/obese” indicates
student was overweight/obese at follow-up but not baseline. “Formerly overweight/obese” indicates student was overweight/obese at baseline but not follow-up.
“Persistently obese” indicates student was obese at baseline and follow-up. “Became obese” indicates student was obese at follow-up but not baseline. “Formerly
obese” indicates student was obese at baseline but not follow-up.

bFor standardized test outcomes, incorporates MVPA from Grade 4 Fall and Spring only. For course grades, incorporates MVPA from Grade 4 Fall, Grade 4
Spring, and Grade 5 Fall.

°For standardized test outcomes, incorporates sedentary time from Grade 4 Fall and Spring only. For course grades, incorporates sedentary time from Grade 4
Fall, Grade 4 Spring, and Grade 5 Fall.

dFor standardized test outcomes, incorporates CRF measures from Grade 4 Fall and Spring only. For course grades, incorporates CRF measures from Grade 4
Fall, Grade 4 Spring, and Grade 5 Fall.



Table 6. Indirect effect from longitudinal overweight/obesity status through mediators (MVPA, Sedentary Time, Attendance, and CRF) to academic
performance measured by Grade 4 standardized test scores and Grade 5 Fall course marks
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Exposure: Persistently Overweight/Obese?

MVPAP Sedentary Time® Grade 4 Attendance CRF¢
Academic Outcome Indirect 95% ClI Indirect 95% ClI Indirect 95% ClI Indirect 95% ClI
Effect Effect Effect Effect
Standardized Math  0.328 (0.138, 0.551) 0.074 (-0.050, 0.217) -0.162 (-0.355, 0.012) -1.063 (-1.798, -0.333)
Standardized ELA  0.428 (0.203, 0.693) 0.087 (-0.060, 0.253) -0.143 (-0.320, 0.009) -1.814 (-2.653, -1.002)
Lexile 1.359 (0.431, 2.444) 0.214 (-0.147,0.713) -0.625 (-1.417,0.039) -6.464 (-10.161, -2.826)
Math 0.110 (0.046, 0.184) 0.018 (-0.012, 0.053) -0.071 (-0.151, 0.005) -0.643 (-0.871, -0.416)
Reading 0.105 (0.056, 0.164) 0.018 (-0.013, 0.051) -0.032 (-0.172, 0.184) -0.433 (-0.614, -0.255)
Spelling 0.067 (0.009, 0.132) 0.017 (-0.012, 0.051) -0.050 (-0.108, 0.003) -0.497 (-0.705, -0.293)
Writing 0.090 (0.038, 0.151) 0.016 (-0.011, 0.047) -0.053 (-0.112, 0.004) -0.578 (-0.757, -0.405)
Exposure: Persistently Obese?
MVPAP Sedentary Time® Grade 4 Attendance CRF
Academic Outcome Indirect 95% CI Indirect 95% ClI Indirect 95% ClI Indirect 95% CI
Effect Effect Effect Effect

Standardized Math  0.354 (0.152, 0.601) 0.016 (-0.139, 0.174) -0.240 (-0.476, -0.029)  -0.900 (-1.688, -0.124)
Standardized ELA  0.456 (0.214, 0.750) 0.105 (-0.067, 0.303) -0.211 (-0.432,-0.026)  -1.781 (-2.674, -0.906)
Lexile 1.453 (0.473, 2.634) 0.263 (-0.165, 0.857) -0.927 (-1.918,-0.119) -6.167 (-10.142, -2.200)
Math 0.112 (0.048, 0.189) 0.021 (-0.015, 0.063) -0.105 (-0.203,-0.013)  -0.665 (-0.908, -0.426)
Reading 0.106 (0.053, 0.169) 0.021 (-0.015, 0.061) -0.047 (-0.097,-0.006)  -0.463 (-0.656, -0.275)
Spelling 0.069 (0.011, 0.139) 0.020 (-0.015, 0.060) -0.074 (-0.146, -0.009)  -0.516 (-0.743, -0.292)
Writing 0.092 (0.038, 0.157) 0.019 (-0.014, 0.056) -0.078 (-0.152,-0.010)  -0.633 (-0.829, -0.442)

2Baseline weight status is from Grade 3 Fall. Follow-up weight status is from Grade 4 Spring for standardized test outcomes and from Grade 5 Fall for course
grade outcomes. “Persistently overweight/obese” indicates student was overweight/obese at baseline and follow-up. “Became overweight/obese” indicates
student was overweight/obese at follow-up but not baseline. “Formerly overweight/obese” indicates student was overweight/obese at baseline but not follow-up.



59

“Persistently obese” indicates student was obese at baseline and follow-up. “Became obese” indicates student was obese at follow-up but not baseline. “Formerly
obese” indicates student was obese at baseline but not follow-up.

bFor standardized test outcomes, incorporates MVPA from Grade 4 Fall and Spring only. For course grades, incorporates MVPA from Grade 4 Fall, Grade 4
Spring, and Grade 5 Fall.

°For standardized test outcomes, incorporates sedentary time from Grade 4 Fall and Spring only. For course grades, incorporates sedentary time from Grade 4
Fall, Grade 4 Spring, and Grade 5 Fall.

dFor standardized test outcomes, incorporates CRF measures from Grade 4 Fall and Spring only. For course grades, incorporates CRF measures from Grade 4
Fall, Grade 4 Spring, and Grade 5 Fall.



