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Abstract
In recent decades, research and policies related to nutrition and physical activity
(PA) have increasingly converged, particularly amid concerns around energy imbalance
and obesity. Low-income and racial/ethnic minority youth are disproportionately exposed
to obesogenic environments and at risk of obesity and related disorders. This dissertation
addresses questions around how youth PA relates to cardiometabolic health and what
factors predict PA in a population of overweight/obese, low-income, Hispanic youth.
While research and recommendations tend to emphasize moderate-to-vigorous PA
(MVPA), there are open questions on whether benefits of PA accrue specifically above
the moderate-intensity threshold or through total movement at any intensity. Our first aim
used NHANES data to compare the strength of associations between minutes of MVPA
and total PA volume (accelerometer-derived total activity counts) and cardiometabolic
risk factors, controlling for BMI z-score, dietary factors, and other covariates. Both
MVPA minutes and total PA volume were associated with clustered cardiometabolic risk
scores, systolic and diastolic blood pressure, insulin, and HDL (p<0.05), but not with
waist circumference or triglycerides; associations were stronger for total PA volume than
for MVPA minutes for all outcomes except insulin, where associations were similar.
Future research that explores the broader relationships among PA volume, intensity, and
health may have important implications for research, policy, and practice.
Our second and third aims used original data collected in partnership with Let’s
Get Movin’ (LGM), a community-based, twice-weekly after-school PA program for lowincome, overweight/obese, mostly Hispanic youth aged 8–14. For Aim 2, linear mixed
models tested associations between number of program sessions attended and changes in
cardiorespiratory fitness (CRF) and BMI. Attendance was associated with increases in
CRF (p=0.01) but not with change in BMI (p=0.97). There were significant interactions
between attendance and pedometer-measured in-program activity: attendance was
associated with more favorable changes in CRF (p<0.0001) and BMI (p=0.03) as inprogram activity levels increased. Prior studies in controlled settings have shown efficacy
of PA programs for improving CRF and adiposity in overweight youth; our analysis
provides novel evidence that such programs may also confer benefits in community
settings, particularly when youth regularly attend and participate actively.
Using this same LGM dataset, Aim 3 used multivariable regression models to test
potential demographic, physiologic, and psychosocial correlates of PA, including selfreported PA in general living (PA Questionnaire) and pedometer-measured PA in
structured exercise and sports sessions. General-living PA was significantly associated
with age (−) and perceived athletic competence (+). Pedometer steps/minute in structured
exercise was significantly associated only with age (−). Steps/minute in structured sports
was associated with age (−), CRF (+), and male sex (+). These results suggest that
correlates of PA in overweight/obese, low-income, Hispanic youth may vary depending
on the context where that PA occurs.
Together, these analyses reinforce the benefits of PA for child and adolescent
health but also suggest that conceptualizing PA in narrowly-defined terms (e.g., “60
minutes of MVPA” or “PA program enrollment”) may not fully account for important
nuances. Future research, policies, and programs may benefit from more broadly
accounting for the complexity in how youth move and how that complexity relates to
children and adolescents’ health and well-being.
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Chapter 1: Introduction
The problem and its significance
In recent decades, pediatric overweight/obesity has grown into a public-health crisis in
the United States and other economically developed countries worldwide. In the U.S.,
32% of U.S. youth ages 2−19 were overweight or obese in 2012, with even higher rates
among low-income and racial/ethnic minority populations, including black and Hispanic
youth.1 This epidemic has profound health consequences; for example, obesity is the
primary correlate of pediatric cardiometabolic disorders including hypertension,
dyslipidemia, impaired glucose tolerance, and early atherosclerosis2 and is also associated
with psychosocial difficulties such as stigmatization, bullying, and poor self-esteem.3
At the population level, epidemic increases in obesity have been linked with
changes on both sides of the energy-balance equation—that is, increases in energy
intakes through food and beverages and concurrent decreases in energy expenditures
through physical activity (PA).4 The public-health importance of energy balance has
contributed to increasing convergence of research and recommendations regarding
nutrition and PA. For example, the Dietary Guidelines for Americans, which were first
issued in 1980 and are refreshed every five years, initially included only tangential
discussion of PA, but in more recent versions have dedicated entire chapters to energy
balance and active living.5-10
Currently, most U.S. youth fall short of PA recommendations: according to the
most recent objectively-measured, nationally-representative data, just 42% of children
and 8% of adolescents achieve the recommended 60 minutes of daily moderate-tovigorous physical activity (MVPA).11 While increasing PA is important for all youth,
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those who are overweight/obese may experience particular benefits.12 For example, PA
promotes increases in cardiorespiratory fitness (CRF), which has been linked with
increased likelihood of achieving normal weight 13-15 and healthier cardiometabolic risk
profiles even in the absence of weight loss.16, 17 Higher levels of PA also confer benefits
for blood pressure, lipid profiles, and insulin sensitivity through pathways independent of
adiposity and CRF.12, 18-21
While the benefits of PA for child and adolescent health are, broadly speaking,
well-accepted, PA research and policy remain somewhat nascent relative to related fields
like nutrition. For example, whereas the eighth edition of the U.S. Dietary Guidelines are
currently in preparation, just one set of U.S. PA guidelines has been issued, in 2008,
including one chapter on PA in children/adolescents. This dissertation aims to address
three gaps in PA literature that have potentially important implications for future PA
research, policy, and practice. First, while most research and recommendations have
focused mainly on MVPA, there is growing evidence that benefits may begin to accrue at
lighter intensities.19, 22, 23 Developments in accelerometer technologies provide new
opportunities to compare associations between health markers and MVPA minutes versus
other dimensions of activity, like total PA volume (e.g., accelerometer-derived total
activity counts, TAC).24 Such comparisons may inform whether PA policies and
programs should focus on promoting PA at certain intensity thresholds or more broadly
promote increases in total movement.24
Second, well-controlled intervention trials have demonstrated that PA programs
may increase CRF and reduce adiposity among overweight/obese children,25, 26 but it is
unclear how this evidence relates to more typical practitioner contexts, where
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implementation tends to be more variable.27, 28 For example, after-school programs have
been identified as promising contexts for increasing children’s PA,29 but inconsistent
attendance in such programs is a challenge.30, 31 Furthermore, children’s activity levels in
after-school programs and other community-based PA settings are also highly variable.3235

Variability in attendance and in-program activity levels may have important

implications for the potential of such programs to impact adiposity or CRF.36, 37
However, to our knowledge, just two prior studies, neither specifically targeting
overweight/obese youth, have explored the impact of different levels of PA program
attendance on changes in child fitness and/or adiposity,38, 39 and no studies have
addressed how in-program activity levels impact those associations.
Third, incomplete understanding of PA correlates may be a barrier to the
development of more effective interventions. Prior review studies have shown that
factors like age, sex, fitness, adiposity, and perceived competence may be associated with
children’s PA levels,40 but emerging evidence suggests that the relative importance of
these correlates varies among population subgroups. For example, correlates of PA may
be different among overweight/obese compared with normal-weight youth41, 42 and
among Hispanic compared with non-Hispanic youth.43 Correlates also appear to vary
depending on the context where PA is performed—for example, whether activities are
structured or unstructured.44, 45 Therefore, to enable tailoring of PA policies and
programs to priority populations and settings, research is needed within specific
populations, particularly high-risk groups like low-income, overweight/obese, and
racial/ethnic minority youth, and within well-defined environmental contexts.
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Specific aims and hypotheses
This research explores the following aims and hypotheses to address the research gaps
described above:

Aim 1a: To compare the strength of association between minutes of moderate-tovigorous physical activity (MVPA) and total PA volume (accelerometer-measured total
activity counts per day, TAC) with clustered cardiometabolic risk and individual risk
factors, independent of BMI z-score, in a nationally representative sample of U.S.
adolescents.
Aim 1b (exploratory): To compare associations between equivalent volumes of PA
accrued at light (L-TAC) and moderate-to-vigorous intensity (MV-TAC) and
cardiometabolic markers.
Hypothesis 1a: Compared with MVPA minutes, TAC will demonstrate stronger
protective associations with clustered cardiometabolic risk and individual risk
factors.
Hypothesis 1b: Comparable volumes of L-TAC and MV-TAC will demonstrate
similar protective associations with cardiometabolic markers.

Aim 2a: To evaluate whether attendance in a nine-month, twice-weekly PA program,
delivered by a community-based partner, predicts changes in CRF among
overweight/obese participants ages 8−14.
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Aim 2b (exploratory): To evaluate whether the relationship between program attendance
and changes in CRF or body mass index (BMI) are influenced by children’s in-program
activity levels.
Hypothesis 2a: Higher participation in a nine-month, twice-weekly communitybased PA program will be positively associated with gains in CRF among
overweight/obese children ages 8−14.
Hypothesis 2b: The relationship between attendance and changes in CRF and
BMI will be moderated by children’s in-program activity levels, such that each
session attended will have greater benefits as in-program activity levels increase.

Aim 3: To evaluate demographic (age, sex), physiologic (aerobic fitness, adiposity), and
psychosocial (perceived athletic competence) correlates of PA, including both selfreported PA in general living and objectively-measured PA in structured exercise and
sports sessions, among overweight/obese children participating in an after-school PA
program.
Hypothesis 3: Among overweight/obese children, there will be significant
associations between physical activity and age (-), female sex (-), aerobic fitness
(+), adiposity (-), and perceived athletic competence (+); correlates will differ for
general-living PA, PA in structured exercise, and PA in structured sports.
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Chapter 2: Review of the Literature
Overview
In most economically developed countries worldwide, youth* fall short of the 60 minutes
of daily moderate-to-vigorous physical activity (MVPA) recommended in the United
States (U.S.) and other countries worldwide.1-5 In the U.S., for example, just 42% of
children and 8% of adolescents accumulate 60 minutes of daily MVPA, according to the
most recent nationally-representative, objectively-measured PA data.6 Concerns around
insufficient levels of PA take on particular urgency set against the concurrent epidemic in
pediatric obesity, which, among myriad other adverse outcomes, increases children and
adolescents’ risk of cardiometabolic disorders and of obesity and related comorbidies in
later adult life.7
This chapter briefly reviews health impacts of pediatric obesity, with particular
emphasis on cardiometabolic risk factors that are of central interest in this research. It
also reviews current understanding of the relationships between PA and adiposity and
cardiorespiratory fitness (CRF), which may partially mediate PA’s cardioprotective
benefits. Finally, current knowledge and research gaps are discussed in three areas
addressed in this dissertation. First, evidence regarding the independent association
between PA and cardiometabolic health is discussed, with particular emphasis on
knowledge gaps regarding how PA intensity and volume relate to PA’s cardiometabolic
benefits. Second, the research base on the efficacy of PA-focused interventions for
increasing CRF and reducing adiposity in overweight/obese youth is reviewed, along
with gaps in knowledge regarding effectiveness in typical community settings. Third, the
Unless otherwise specified, “youth” refers to ages 2−19, “children” refers to ages 6−11,
and “adolescents” refers to ages 12−19
*
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chapter reviews current understanding of the correlates of PA in children and adolescents
and the need for new research that evaluates correlates in high-risk populations and in
multiple environmental contexts.

Trends in pediatric obesity and implications for cardiometabolic health
In recent decades, pediatric obesity has grown into a public-health crisis in economically
developed (and, increasingly, developing) countries globally.8 In the U.S., 32% of youth
ages 2-19 were overweight or obese in 2012;9 while these data represented flattening in
pediatric obesity prevalence after decades of increases, prevalence remained
approximately three times higher than it was in the 1960s.10 Furthermore, racial/ethnic
disparities in overweight/obesity persisted, with prevalence remaining substantially
higher among Hispanic (39%) and non-Hispanic black (35%) youth compared with their
non-Hispanic white counterparts (29%),9 patterns that appear linked with
disproportionate exposure to obesogenic environments among youth in minority
communities.11
These trends have profound health consequences. For example, pediatric obesity
is associated with increased risk of sleep apnea, asthma, and orthopedic problems, as well
as psychosocial difficulties such as stigmatization, bullying, depression, low self-esteem,
and reduced quality of life.12, 13 Body fatness is also predictive of cardiometabolic risk
factors including systolic and diastolic blood pressure (+), HDL cholesterol (−),
triglycerides (+), and insulin (+) and is the primary correlate of diseases such as pediatric
type 2 diabetes and non-alcoholic fatty liver.7 Autopsy studies have shown that obese
children may demonstrate signs of early atherosclerosis,14 and longitudinal studies have
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found that pediatric obesity and related comorbidities are associated with greater risk of
cardiovascular disease in adult life.15
In addition to its associations with cardiometabolic risk factors measured
individually, obesity has been linked with the clustering of multiple risk factors in
children and adolescents in patterns similar to those observed in adult metabolic
syndrome.7, 16 In pediatric populations, clustered risk is often captured with continuous
risk scores, typically calculated as a summation of z-scores for cardiometabolic risk
variables.17-19 While the exact combination of z-scores included varies, clustered risk
scores almost universally incorporate markers of adiposity, dyslipidemia, insulin
resistance, and hypertension. Compared with cardiometabolic risk factors viewed
individually, clustered risk scores in children/adolescents more strongly predict
subclinical atherosclerosis and early-onset type 2 diabetes.14, 20 Risk clustering in
childhood and adolescence tends also tends to track into later life21 and predicts incident
cardiovascular disease and type 2 diabetes in adulthood.22, 23

Knowledge of relationships among PA, dietary intakes, and adiposity
While the etiology of obesity is multifactorial, it is fundamentally the result of chronic
energy imbalance: when total energy intakes exceed total energy expenditures, excess
energy is stored, mostly as fat. Conversely, when energy expenditures exceed intakes, fat
is utilized to compensate for the energy gap.24 Thus, maintenance of a healthy weight
trajectory requires that energy intakes through foods and beverages remain approximately
equivalent to energy expenditures over time. For those who are already overweight,
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achieving negative energy balance, whereby energy expenditures exceed energy intakes,
is necessary to promote weight loss.
PA is the most modifiable component of total energy expenditure and is therefore
a key target in efforts to promote energy balance and, in turn, healthy weight.25
However, PA’s relationship to adiposity is dependent on concurrent dietary behaviors; for
example, if increases in caloric expenditures through PA are accompanied by equivalent
caloric intakes, the net effect on adiposity will be approximately neutral. Such
compensatory caloric intakes may explain why longitudinal studies have found only
mixed evidence of associations between PA and adiposity.26, 27 However, as discussed
further in the following sections, randomized controlled trials have shown that structured
PA programs may help elicit weight loss among overweight/obese participants, even in
the absence of dietary intervention,28 and PA also confers health benefits independent of
its relationship to adiposity.
Like PA, diet influences cardiometabolic health not only through its influence on
adiposity, but also through independent protective pathways. For example, diets high in
sugar, sodium, and saturated and trans fats may adversely influence children’s
cardiometabolic risk profiles, even among children who maintain a healthy weight.29, 30
Conversely, diets rich in nutrients such as fiber (including fruits, vegetables, legumes,
and whole grains), poly- and monounsaturated fats, and potassium provide
cardiometabolic benefits.29, 30 Therefore, in research testing associations between PA and
cardiometabolic health, it is important to account for dietary factors, both protective and
deleterious, that may represent potential confounding variables.
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Knowledge of relationships among CRF, PA, and adiposity
Cardiorespiratory fitness refers to the ability of one’s respiratory and circulatory systems
to supply oxygen to working muscles during sustained PA.31 While CRF in
children/adolescents is largely determined by non-modifiable factors such as age, sex,
and genetics, it can also be increased through PA,32 particularly among youth who are
inactive at baseline.33 Increasing CRF has important health benefits for children and
adolescents and has been identified as a key public-health priority in the U.S.34
Prospective studies have shown, for example, that overweight/obese youth with high
baseline CRF are less likely to experience additional excess weight gain and more likely
to achieve healthy weight over time compared with overweight/obese youth with low
baseline fitness.35-37 Independent of adiposity, higher CRF is also associated with
improvements in HDL cholesterol, triglycerides, insulin sensitivity, and blood pressure38
and may substantially attenuate adiposity-related cardiometabolic risk in obese youth.39, 40
Although the benefits of high CRF may be particularly pronounced for
overweight/obese youth, CRF tends to be inversely associated with adiposity.41, 42 A
2012 nationally representative U.S. study found that just of 29% overweight and 17% of
obese adolescents ages 12-15 (the only group for which data have been reported to date)
demonstrated healthy aerobic fitness levels, compared with 54% of their normal-weight
counterparts.42 Interventions that increase CRF among overweight/obese youth may
provide important benefits in terms of both promoting achievement of healthy weight and
attenuating cardiometabolic risk even in the absence of weight loss.
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Independent associations between PA and cardiometabolic health
Current knowledge of PA’s benefits and the emphasis on MVPA in research and policy
In addition to potential cardiometabolic benefits mediated through adiposity and CRF,
research suggests that aerobic PA confers benefits through independent pathways.43
While these pathways are only partially understood, several mechanisms have been
elucidated. For example, aerobic PA appears to up-regulate lipoprotein lipase activity,
which improves clearance of triglycerides and raises HDL cholesterol. It also facilitates
translocation of insulin-regulated glucose transport proteins to the surface of muscle cells,
increasing insulin sensitivity and glucose uptake, and lowers resting sympathetic and
adrenal outflow, potentially reducing vasoconstriction and blood pressure.44, 45 Such
mechanisms may underlie the inverse associations observed in several large
epidemiologic studies between children/adolescents’ aerobic PA and cardiometabolic risk
factors, including systolic and diastolic blood pressure (–), triglycerides (–), HDL
cholesterol (+), and insulin (–).43, 46-49 An analysis of data from 9- to 16-year-olds in the
European Youth Heart Study found that these protective associations persist even after
adjustment for both aerobic fitness and adiposity.43 Such benefits make increasing PA an
important lifestyle strategy for improving cardiometabolic health, perhaps especially so
for overweight/obese youth, who are at elevated cardiometabolic risk.44
To date, research on cardiometabolic benefits of PA has focused principally on
MVPA minutes. Historically, this emphasis was a function of reliance on self-report
instruments, which generally capture MVPA with sufficient accuracy but are less useful
for detecting light PA (LPA) or PA in more finely-partitioned intensity categories (e.g.,
moderate, vigorous, very vigorous).50,51 Evidence-based guidelines informed by this
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research, including the 2008 Physical Activity Guidelines for Americans,3 national
guidelines from Canada, Australia, and the United Kingdom, and guidelines from the
World Health Organization, recommend 60 minutes of daily MVPA for children and
adolescents.1, 2, 4, 5
Several studies have noted that these recommendations have been limited by the
scope of available research.41, 50, 52 For example, the Physical Activity Guidelines
Advisory Committee, which informed the 2008 U.S. guidelines, noted in its review of
evidence that, at that time, “[v]ery limited data [were] available on dose response in
children and youth” and that the recommendations were based mainly on studies using
self-report data.52 Thus, the emphasis on MVPA in major policy guidelines may be less a
function of evidence that benefits accrue specifically above the moderate-intensity
threshold than of evidence being available mainly on MVPA and less so on PA at other
intensities.

New opportunities in accelerometer research
Developments in PA evaluation technologies, particularly accelerometers, have enabled
population-based studies to evaluate PA at a broader range of intensities, including not
just MVPA but also sedentary time and light PA (LPA). Accelerometers record
movement as activity counts over fixed time periods (epochs), and PA researchers
generally use these data to calculate subjects’ average daily minutes in different intensity
categories (e.g., minutes of sedentary, light, moderate, and vigorous activity).
Accelerometer research can also evaluate overall PA volume, whether as total activity
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counts per day (TAC) or as other similar variables, such as mean counts per minute of
wear time.
An emerging body of literature using accelerometer data has found that LPA and
total PA volume demonstrate protective associations with cardiometabolic risk in
youth.43, 46, 53 However, researchers using accelerometer data commonly continue to
combine moderate- and vigorous-intensity minutes and to use MVPA as their main study
variable,46, 48, 49 at least in part to bring their work in line with prior research and policy
recommendations.50 In this respect, ongoing emphasis on MVPA in research and policy
may in large part be self-perpetuating: as researchers continue to align their work with
prior studies and policy guidelines, the body of research and policies emphasizing
MVPA, in turn, continues to grow.47, 50
Using total PA volume variables, such as TAC, in accelerometer research may
offer several advantages over the more conventional MVPA minutes variable. First,
unlike MVPA minutes, TAC accounts for variations in PA intensity above the moderate
threshold. These variations may have important implications given that cardiometabolic
benefits of PA, on a per-minute basis, appear to increase alongside increases in PA
intensity.51, 54 In addition, TAC accounts for differences in levels of LPA, which may
have important health implications.43, 46, 53 TAC also has limitations, however. For
example, it treats all counts equally, regardless of factors like intensity or duration, which
may influence PA’s relationship to health. Few studies have tested whether MVPA
minutes or total PA volume more strongly predicts cardiometabolic risk in children or
adolescents, and results have been mixed.55-57 Therefore, it remains uncertain whether
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TAC’s advantages outweigh disadvantages, particularly relative to the more commonlyused MVPA-minutes variable, in terms of its utility in PA research.
While the benefits of PA, on a per-minute basis, appear to increase as intensity
increases, research has not clearly established whether this is a function of greater volume
generated at higher intensity or, alternatively, of physiologic adaptations that occur
specifically above certain intensity thresholds.50 A small number of studies, mainly in
adults, have tested associations between moderate- and vigorous-intensity activity and
cardiometabolic risk factors while controlling for total volume and found that higherintensity PA may confer greater benefits.58 However, few studies have examined these
relationships in children or adolescents, and, to our knowledge, no studies have compared
the cardioprotective influence of light versus moderate-to-vigorous PA while controlling
for total volume. New studies exploring the associations between PA intensity and
volume and cardiometabolic health in youth will have important implications in terms of
not only how PA is operationalized in research but also whether PA-related policy and
practice should specifically emphasize activity above the moderate threshold or more
broadly promote increases in total movement.

PA interventions for overweight/obese youth
Evidence from controlled efficacy trials
A large number of controlled studies have shown that PA or exercise interventions are
efficacious for reducing adiposity and increasing CRF among overweight/obese youth.
For example, a recent meta-analysis of 10 randomized controlled exercise interventions
with overweight/obese youth 2–18 years old (average dose: 4 days/week, 43
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minutes/session, 16 weeks duration) found average reductions in adiposity equivalent to
3% of baseline BMI z-score, with no evidence of differential effects by participants’
age.59 In another review, 7 of 10 exercise interventions with overweight/obese
adolescents (dose range: 2–5 days/week, 16–60 minutes/session, 7–36 weeks) detected
significant improvements in CRF.60 Controlled exercise interventions have also been
shown to be efficacious for improving CRF in younger children, but most available
research has not targeted overweight/obese subjects specifically.32

Gaps in knowledge of the impact of PA programs in practice settings
Studies in the reviews described above mainly included randomized trials that, to
maximize internal validity and potential to detect impact, delivered relatively fixed doses
of PA in controlled research settings. Such studies provide important understanding of
interventions’ efficacy under near-optimal conditions. However, they also generally
demand research expertise, funding, and levels of participant burden that are not
reproducible in more resource-constrained practitioner settings, where implementation is
more difficult to standardize and dose of PA delivered is more variable.61 Because
comparatively few studies have tested intervention models in typical community settings,
the extent to which evidence from efficacy trials translates to potential effectiveness in
community settings remains largely unclear. This gap in translational research has led to
calls for more practice-based intervention studies, which are supported by researchers and
informed by evidence from efficacy studies, but administered by community practitioners
under usual conditions.61-63
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In community PA programs, level of attendance is one potential source of
variability in dose delivered. In after-school settings, which have been identified as an
important context for increasing children’s PA,64 attendance may be especially variable
compared with other environments, like schools, where participants are relatively captive;
attendance may be particularly challenging when resources are unavailable for
transportation, participation-based incentives, or other mechanisms for increasing child
turnout.65, 66 Given evidence of a dose-response relationship between PA and changes in
adiposity and fitness,51, 67 such variability may have important implications for health
outcomes in children/adolescents. However, very little research has explored the impact
of attendance rates in after-school PA programs on youth fitness and/or adiposity,68, 69
and to our knowledge no studies have tested the relationship between after-school PA
program attendance and health outcomes specifically in overweight/obese youth.
An additional source of variability in community-based PA programs is the level
of activity in which children engage when they do attend. For example, one study of 7–
10-year-old children participating in a 50-minute soccer match found that participants
spent 33% of time in MVPA; the range extended from 12% to 60%, and overweight
children engaged in less MVPA than their normal-weight peers, on average.70 Other
studies have shown similar evidence of variability in PA levels in settings such as school
physical education, recess, and after-school programs.71-73 This research has generally
focused on documenting proximal PA outcomes, such as the distribution of minutes of
MVPA/session, but the implications of variable activity levels for more distal outcomes,
like fitness or adiposity, have not, to our knowledge, been tested in practice settings.
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Correlates of PA in children and adolescents
Efforts to increase PA among children/adolescents have achieved limited success to date:
in one review, just 43% of youth PA interventions (duration range: 4 weeks–140 weeks)
detected significant increases in MVPA or total PA, and pooled effects were small, at
only about 4 additional minutes of MVPA/day.74 Research providing fuller
understanding of PA correlates is needed to help inform more effective interventions.75
While a growing body of research points to the importance of environmental correlates of
PA in youth, individual-level factors—including demographic, physiologic, and
psychosocial characteristics—may be equally or even more predictive of PA76 and have
important implications for intervention design. For example, research regarding
modifiable individual-level correlates may provide insight into potential mediators of PA
that can be targeted in interventions.75 Conversely, evidence regarding non-modifiable
correlates, such as sex or age, may help to identify priority populations or life stages.
The following sections discuss correlates that have been identified in previous
studies as well as emerging evidence that correlates of PA appear to differ among
different population subgroups and environmental contexts.

Physiologic correlates
As noted previously, research has shown that levels of PA are positively associated with
CRF in children and adolescents. The causal direction of this relationship appears to be
bidirectional: that is, in addition to PA eliciting increases in CRF, higher CRF may lead
to higher levels of PA, since fitter children may be able to perform PA more often, at
higher intensities, and/or for longer durations than their less fit counterparts.41, 77 For
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example, one study in Portuguese male and female adolescents41 and another in Swedish
boys and girls77 found that baseline CRF was associated with total PA measured over
seven and four days, respectively.
While evidence of associations between adiposity and PA has been mixed
overall,78, 79 some longitudinal research has suggested that baseline adiposity is inversely
associated with PA over time. For example, a three-year study in English boys and girls
found that a 10% higher body fat percentage at baseline was associated with a reduction
of 4 minutes of daily MVPA from age 7 to 10 years; no significant interaction was
detected between baseline adiposity and sex.80 Other research has suggested that the
relationship between adiposity and PA may be moderated by child characteristics; for
example, one study in U.S. adolescents found that adiposity’s association with PA was
influenced by complex three- and four-way interactions with age, sex, and
race/ethnicity.81
Differences in PA levels among overweight/obese versus normal-weight youth
may be a function of different barriers experienced by those groups. For example, one
study with U.S. youth aged 8–16 found that overweight/obese individuals were more
likely than their normal-weight peers to report body-related barriers (e.g., selfconsciousness about the appearance of their body) and social barriers (e.g., teasing by
peers) to PA.82 Understanding which correlates most strongly predict PA in
overweight/obese youth may require population-specific analyses, in light of evidence
that correlates differ among weight-status subgroups. For example, one study in U.S.
middle- and high-schoolers found that family support, peer support, number of perceived
barriers, and perceived athletic coordination were associated with PA in normal-weight
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study participants, whereas among overweight/obese participants perceived athletic
coordination was the only significant correlate.83

Demographic correlates
Multiple review studies evaluating demographic correlates of PA have found that girls
tend to be less active than boys.78, 84 This gender gap may be linked to factors such as
fewer PA opportunities, lower levels of social support, or different concerns with
physical appearance among girls compared with boys.85, 86 Multiple review studies have
also found that age is inversely associated with PA,78, 84 perhaps due to decreases in selfefficacy and social support as children move into adolescence.87 Some evidence suggests
that age and sex interact, such that the gender-gap in activity levels increases with
advancing age;88 one underlying factor may be shifts in social norms that make
participation in PA increasingly less acceptable for girls than for boys with advancing
age.89
Some evidence, albeit mixed, suggests that low-income and racial/ethnic minority
children engage in lower levels of PA compared with their higher-income and white
counterparts.90 Such differences may be a function of limited access, both physical and
economic, to PA spaces and programs in many low-income and minority communities.91
Socio-cultural factors, such as time-barriers to parents modeling PA behaviors, parental
perceptions of poor neighborhood safety, or prohibitive gender norms for girls
surrounding PA participation, may also represent barriers to PA for racial/ethnic minority
children.92, 93 The relative importance of PA correlates appears to vary among
racial/ethnic minority groups. For example, one study of intrapersonal, interpersonal, and

23

environmental correlates found that among Hispanic girls only perceived transportation
barriers (–) was significantly associated with MVPA, whereas BMI (–) and social support
(+) were the only significant correlates among black girls.94 To our knowledge, no prior
studies have examined correlates of PA specifically among overweight/obese Hispanic
youth.

Psychosocial correlates. Prior studies have explored a wide range of potential
psychosocial correlates of PA, including enjoyment, self-efficacy, and physical selfconcept.78, 95 There is strong evidence of associations between multiple dimensions of
physical self-concept and PA; for example, a 2014 meta-analysis found that perceived
general physical self-concept, perceived fitness, and perceived competence were
positively associated with PA, with perceived competence demonstrating the strongest
associations.96 Age appeared to positively moderate the association, though this result
should be interpreted cautiously, as only 1/59 studies focused on children (defined as <
10 years of age) and the remaining 58 included adolescents (10-19 years of age).96
Counterintuitively, the literature does not provide strong evidence of a positive
association between enjoyment and PA,78, 97 and evidence of associations between selfefficacy and PA are likewise mixed.78, 84

Context-specificity of PA correlates.
Most of the correlates literature published to date has evaluated correlates of overall PA
in general living, often over the course of several days. However, such analyses may not
capture important differences in correlates among different environmental contexts where
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PA is performed. Behavioral theorists have long recognized the importance of
environmental determinants of health behaviors. Ecological systems theory, for example,
stresses the influence of multiple environmental layers—including social, institutional,
community, and public-policy factors—that influence human behavior,98 and socialcognitive theory (SCT) posits that behaviors are the product of dynamic relationships
among personal, behavioral, and environmental factors.99 Given the influence of
environmental variables on health behavior, it follows logically that PA correlates are
likely to vary depending on the environmental contexts in which that activity occurs. For
example, the relationship between a child’s level of perceived athletic competence and
engagement in PA may depend on the time and place where that activity occurs (e.g.,
active transport to school vs. PA in physical education vs. PA in recess) or different
characteristic of those contexts (e.g., the extent to which activities are structured or not).
A small body of evidence supports this notion that individual-level correlates of
PA vary by context. For example, one study asked children about their levels of PA in
structured (e.g., activity in sports teams or exercise classes) and unstructured (e.g., pickup sports) contexts, as well as social and interpersonal factors they believed influenced
their activity levels in each. Child-reported correlates differed substantially for structured
versus unstructured activities. For example, parent support was cited by 23% of children
as being associated with structured activity, compared with 5% reporting parent support
as being associated with unstructured activity. Conversely, 37% of participants reported
that friends’ participation was associated with unstructured activity, compared with 9%
reporting an association with structured activity.100 A small number of other studies have
also explored PA correlates in multiple contexts. For example, one study compared
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correlates of PA in recess versus PA after school among 9- to 13-year old Australian
youth,101 and another compared psychosocial and environmental correlates of PA in
active commuting, informal school games, and organized leisure-time sports in 9- and 13year-old Norwegian boys.102 Both studies found significant differences in correlates
depending on context. While the authors of these studies, and others,103 have called for
further research into context-specific correlates research, the body of such literature
remains limited. New research in multiple, well-defined PA contexts is needed to inform
tailoring of PA policies and programs.103 Studies investigating multi-contextual PA
correlates among low-income and racial/ethnic minority children, who disproportionately
experience obesity and related comorbidities, may be particularly important to inform
efforts to increase PA in underserved populations and to help close related health
disparities.91

Conclusions
Children in the U.S. and other countries worldwide fall short of recommended levels of
PA. Insufficient PA is particularly concerning given the concurrent epidemic in pediatric
obesity, which, along with other adverse outcomes, increases young people’s risk of
cardiometabolic disorders in childhood and adolescence of obesity and related
comorbidies in later adult life.7 Strategies that increase PA among children are an
important public-health priority, though gaps in the PA research literature may hinder
PA-promotion efforts.
Consistent evidence indicates that PA demonstrates beneficial associations with
cardiometabolic risk factors in youth. While historically PA research and
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recommendations for children have focused principally on MVPA, the extent to which
benefits occur specifically above the moderate-intensity threshold is in fact unclear.50,51
New research is needed comparing the benefits of MVPA with those of total activity
volume, including volume accrued at lower intensity. Developments in accelerometer
technologies, which can detect movement at a wider range of intensities compared with
historically relied-upon self-report instruments, open opportunities for such
investigation.50
Research has also shown that PA programs delivered in controlled settings are
efficacious for improving CRF and reducing adiposity, particularly in overweight/obese
youth. However, these findings may not generalize to real-world practitioner settings.59,
60

Practice-based studies are needed to advance understanding of the effects of PA

programs delivered in contexts where findings from controlled trials are to be applied,
such as community-based PA programs.61, 63 Prior studies have shown that children’s
levels of participation in after-school PA programs and other practice settings varies
considerably in terms of both attendance and in-program activity levels,65, 66, 70, 72, 73, 104
but the impact of that variability on outcomes like CRF and adiposity is not well
understood and needs further investigation.
Finally, prior research has identified correlates of PA in children and adolescents,
but the importance of correlates appears to vary based on individual and contextual
factors. To our knowledge, no prior studies have examined correlates of PA in multiple
contexts among overweight/obese, low-income, Hispanic youth. Studies that examine
PA correlates in such high-risk population subgroups, including analyses spanning
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multiple environmental contexts, are needed to support tailoring of PA policies and
programs to priority populations and environments.
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Chapter 3: Methods
This section introduces the conceptual framework that guided this overall research and
describes the datasets and analytical methods that were used to test hypotheses pertaining
to relationships between different constructs within the framework. Subsequent chapters
also describe these datasets and analytical methods, along with corresponding results and
conclusions.

Conceptual framework
In recent decades, research and policies concerning physical activity (PA) and nutrition
have become increasingly intertwined, particularly amid growing public-health concerns
around energy imbalance and obesity.1, 2 The conceptual framework for this research
(Figure 1) centers principally on PA, which represents either the main predictor variable
or main outcome variable for all questions investigated. PA itself is a multidimensional
construct, and each aim examines a distinct dimension. Using accelerometer data from a
nationally-representative dataset, Aim 1 examines the interplay between PA volume and
intensity, taking as its main predictor variables total volume, moderate-to-vigorous PA
(MVPA) minutes, and PA volume accrued at light and moderate-to-vigorous intensity.
The cross-sectional relationships between these different PA variables and
cardiometabolic risk markers in adolescents are examined and compared (Path A). In
Aim 2, which uses longitudinal data from a community-based PA program serving
overweight/obese children, PA-based predictor variables include program attendance as
well as pedometer-measured PA level in program. This aim examines the relationship
between attendance and changes in cardiorespiratory fitness (CRF) and body mass index
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(BMI) (Paths B), as well as whether in-program activity levels influence those
associations. Aim 3 uses data from participants in the same program, but different
dimensions of PA are the main outcome variables: these include self-reported PA level in
general living, as well as pedometer-measured PA level in a structured program,
including both structured exercise and structured sports sessions. This aim explores
correlates of these different dimensions of PA, including children’s demographic (age,
sex), physiologic (aerobic fitness, BMI z-score), and psychosocial (perceived athletic
competence) characteristics (Paths C).

Figure 1. Conceptual framework

*This dissertation examines multiple dimensions of physical activity (PA), including total
PA volume and intensity, attendance at a PA program, self-reported general-living PA,
and PA in a structured program, including structured exercise and sports.

National Health and Nutrition Examination Survey (NHANES) dataset
Overview of NHANES methods
NHANES is a nationally representative, cross-sectional survey of the U.S. population and
the primary source of objectively collected health data in the U.S. It uses a complex,
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multistage probability design to generate a representative sample of the noninstitutionalized civilian population.3 The survey includes two main components. First,
trained interviewers visit participants’ homes to administer an in-home survey. Second,
participants complete a health examination, including a basic physical exam and blood
draws for laboratory assessment, in a mobile examination center (MEC).4 In 2003-2004
and 2005-2006 NHANES, black, Mexican-American, and adolescent populations were
oversampled.3 These two NHANES cycles are also the most recent in which
accelerometers were administered and the data are publicly available. This dissertation
uses 2003–2006 data for subjects ages 12–19; two of our main outcome variables, insulin
and triglycerides, were not measured in younger children participating in NHANES.
NHANES study protocols were approved by the National Center for Health
Statistics (NCHS) Research Ethics Review Board. Written informed consent was
obtained from all subjects. Consent was also received from parents/guardians of those
<18 years old. Because NHANES data are fully de-identified and publicly available,
analysis of these data was exempted from review by the Tufts University Institutional
Review Board (IRB). The following sections describe the variables used for analyses in
this dissertation.

Physical activity predictor variables
Non-wheelchair-bound subjects were given uniaxial accelerometers (ActiGraph AM7164) and asked to wear them on the right hip for seven consecutive days during waking
hours, except when swimming or bathing. The devices recorded activity counts in 60second epochs. Activity count files were processed using syntax adapted from the
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National Cancer Institute,5 which facilitates identification and editing of unreliable or
invalid values. Non-wear time was classified as 60+ consecutive minutes with zero
counts, allowing for up to two consecutive minutes with 1–100 counts. Only subjects
with ≥ 10 hours of wear time per day for ≥ 3 days were included in the analyses.6
The intensity of each epoch was designated using cut-points validated by Evenson and
colleagues: <100 counts per minute (CPM) was sedentary; 100–2291 CPM was light;
2292–4007 CPM was moderate; and ≥4008 counts was vigorous.7 While we originally
proposed using the cut-points developed by Freedson and colleagues, we changed our
plans in light of a validation study that found the Evenson thresholds yielded the best
overall classification accuracy for multiple categories of PA and, unlike the Freedson cutpoints, did not demonstrate age-related misclassification of LPA as MPA.8 Differential
misclassification of PA by age might lead to confounding in analyses of associations
between PA and cardiometabolic risk factors, which are likewise associated with
adolescent age and pubertal development.9-11
For each subject, the number of sedentary, light, moderate, vigorous, and
moderate-to-vigorous minutes were calculated for each valid day (i.e., days with ≥10
hours of wear time) and averaged across all valid days. Our total volume variable, total
activity counts (TAC), was calculated as the total number of accelerometer counts in
valid days divided by the number of valid days. Total activity counts at light intensity
(L-TAC) was calculated as the sum total of accelerometer counts in light epochs across
all valid days, divided by the number of valid days. Total activity counts at moderate-tovigorous intensity (MV-TAC) was calculated as the sum total of accelerometer counts in
moderate or vigorous epochs across all valid days, divided by the number of valid days.
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Our decision to examine PA as total counts as well as counts by intensity category
was informed in part by exploratory analyses investigating inter-subject variability in the
average number of activity counts per minute of PA in each category (Appendix 1.A).
For example, the sample median for mean counts per minute of MVPA was 3476, but the
interquartile range spanned nearly 700 counts (IQR: 3170–3855). We also conducted
multivariable regression analyses exploring whether child factors (age, sex, household
poverty-to-income ratio, race/ethnicity, and BMI z-score) predicted mean counts/minute
of each LPA and MVPA (Appendix 1.B–C). We found significant associations between
mean counts/minute of both LPA and MVPA and male sex (+) and age (–), and of mean
counts/minute of MVPA with BMI z-score (–). The non-random variability in mean
counts/minute of PA in different intensity categories may be a potential source of bias in
analyses using variables like LPA or MVPA minutes. One advantage of using TAC, LTAC, and MV-TAC are that these variables account for variability in counts above the
intensity cut-points.

Individual cardiometabolic risk factor variables
In the MEC exam, trained NHANES staff measured height and weight with a single
measurement. Body mass index (BMI) was calculated as weight in kilograms divided by
height in meters squared, and BMI z-scores were determined based on CDC growth
charts.12 Waist circumference (WC) was measured at the uppermost lateral border of the
ilium on the midaxillary line with a single measurement. Three consecutive blood
pressure (BP) measurements were taken after subjects rested quietly for five minutes
while seated; systolic BP and diastolic BP were determined by averaging values for all
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non-zero readings. Detailed laboratory protocols for blood measures, including qualitycontrol mechanisms, are described elsewhere.3 HDL was evaluated for all participants,
and triglycerides, insulin, and glucose were measured only for participants in the morning
examinations who had fasted for at least eight hours, as determined by interview.
Because there were equipment and laboratory changes in 2005–2006 compared with
2003–2004 for insulin analyses, the 2005–2006 values were adjusted using a regression
equation provided by CDC.3 For one subject the regression equation generated a
negative value, which was set to missing;13 no other values appeared biologically
implausible.

Homeostasis model assessments
As an indicator of insulin sensitivity, homeostasis model assessments were calculated
using the HOMA calculator available from the Diabetes Trial Unit at the University of
Oxford (www.dtu.ox.ac.uk/homacalculator/). The calculator uses fasting insulin and
glucose values to generate estimates of steady-state beta-cell function (HOMA%B) and
insulin sensitivity (HOMA%S) as a percentage of a normal reference population.14
Validation studies have found HOMA%S to be strongly correlated with insulin
sensitivity measured via euglycemic clamp in children and adolescents.15 However, in
the present sample, we found that variability in HOMA%S was explained almost entirely
by insulin values; for example, when log-HOMA%S was regressed on log-insulin, the R2
value was 0.999. This suggests limited utility in analyses using HOMA%S above and
beyond analyses using insulin. As a result, we chose to include only insulin, and not
HOMA%S, in our NHANES paper submitted for publication.
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Clustered risk
Several prior studies have suggested that continuous risk scores, typically calculated as a
summation of z-scores for cardiometabolic risk variables,16 are appropriate measures of
risk-clustering in youth. 16-18 To summarize clustered cardiometabolic risk, we used the
continuous metabolic risk index (CMRI) developed and validated in youth by MartinezVizcaino and colleagues.19 Mean arterial pressure ([systolic BP + 2*diastolic BP]/3),20
WC, fasting insulin, and triglycerides-to-HDL ratio were each regressed on age and sex
and the residuals divided by the standard deviations of the residuals to generate z-scores;
fasting insulin, WC, and triglyceride-to-HDL ratios were first log-transformed to
normalize skewed distributions. The four z-scores scores were summed to yield CMRI.
Given NHANES’s complex design, determining the standard deviations of the
residuals required complex manual calculations since these statistics could not be
obtained directly from SAS. We contacted NCHS for guidance and used the following
process to generate the standard deviation of each residual, accounting for the complex
survey design: 1. regress the variable on age and sex using PROC REG and output the
residual; 2. use PROC MEANS to calculate the standard deviation (SD) of the residual’s
mean; 3. calculate the standard error (SE) of the residual’s mean: (SD of the mean from
step 2)/(√ n); 4. calculate the SE of the residual’s mean accounting for complex design
using PROC SURVEYMEANS; 5. calculate the design effect: (SE from step 4)/(SE from
step 3); 6. calculate the simple random sample (SRS) SE of the residual’s mean: (SE from
step 4)/(√[Design Effect]); 7. Calculate the SRS SD of the residual’s mean: ([SE from
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step 6] × [√ n]); 9. Calculate the SD of the residual accounting for the complex design:
√([SD Mean from step 7]2) + [SE Mean from step 6]2).

Other variables
Data on age, sex, household income, household composition, pregnant/lactating status,
prior diagnosis of diabetes or asthma, and physical limitations were collected through
computer-assisted personal interviews conducted by NHANES household interviewers.
Subjects ages 16 and older were interviewed directly; parents/caregivers served as proxy
respondents for subjects ages 12–15 and for subjects unable to answer questions.
Poverty-to-income ratios were calculated as the ratio between household income and
federal poverty thresholds.
Serum cotinine levels were included in NHANES laboratory analyses, and
subjects were categorized as smokers (cotinine ≥3 ng/mL) or nonsmokers (cotinine < 3
ng/mL) based on previously published cut-points.21 We also ran exploratory analyses
using data on self-reported tobacco use in the prior five days. There was good agreement
between self-reported tobacco use and elevated cotinine (Cohen’s kappa = 0.62), but a
small number of subjects who self-reported smoking had cotinine levels < 3 ng/mL.
Classifying these individuals as smokers did not change the results of our analyses; for
the sake of simplicity, we decided to use the cotinine biomarker only to categorize
smoking status in our final analyses.
Dietary data were generated from a single 24-hour dietary recall administered by
trained interviewers using the United States Department of Agriculture’s Automated
Multiple-Pass Method. Dietary variables (total energy; fiber; sugar; monounsaturated,
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polyunsaturated, and saturated fat, each as a percentage of total energy; dietary
cholesterol; sodium; and potassium) were included as covariates due to their potential
association with cardiometabolic risk factors, as noted in the American Academy of
Pediatrics and American Heart Association (AHA) joint dietary recommendations for
children and adolescents22 and/or the AHA diet and lifestyle guidelines for all
Americans.23
While sedentary behavior may increase cardiometabolic risk independent of PA,24
accelerometer-derived sedentary time could not be included as a covariate due to multicollinearity with other PA variables; in our regression analyses using L-TAC and MVTAC in particular, the variance inflation factor exceeded the commonly accepted
threshold of 10 (VIF = 13.1).25 Therefore, self-reported television and computer time,
which represent a substantial proportion of sedentary time in U.S. adolescents,26 were
included in all models as an alternative indicator of sedentary behavior. During the
household interview, subjects were asked, in two separate questions, the average daily
time spent in the prior 30 days a) watching television/videos and b) using a computer,
with seven response options ranging from none to ≥5 hours. For each variable, responses
were collapsed into three categories: ≤1 hour, 2–3 hours, or ≥4 hours.
Other potential confounding variables include pubertal stage, sleep, stress, and
family history of cardiometabolic disorders, but these variables were unavailable in
NHANES 2003–2006. Cardiorespiratory fitness data (VO2 max) were available in
NHANES 2003–2004 but not 2005–2006; we considered the possibility of running
analyses using only the 2003–2004 NHANES dataset but determined that the sample size
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(n=907 and n=430 for non-fasting and fasting sub-samples, respectively) would provide
insufficient statistical power to test our research questions.

Analytic sample
The study sample was limited to participants aged 12–19, since two of our main outcome
variables (fasting insulin and triglycerides) were available only from participants
beginning at age 12. Subjects were excluded from the study sample if they had returned
accelerometers out of calibration or had fewer than 3 days with ≥10 accelerometer wear
hours; were underweight or pregnant/lactating; had previously been diagnosed as
diabetic; or had missing HDL data, examination measures (missing height, weight, WC,
or <1 valid BP reading), or other covariate data. Because fasting insulin and triglycerides
were measured only in NHANES subjects participating in morning examinations, a
fasting subsample was created, with subjects with missing insulin or triglycerides data
excluded.

Aim 1 analyses
All analyses were conducted in SAS 9.3 and accounted for NHANES’s complex design
and sample weights.3 Given non-random loss of substantial numbers of subjects (>50%)
from the study samples, mainly due to incomplete accelerometer data, weights were
adjusted to restore national representativeness across age, sex, and racial-ethnic groups.
To ensure reweighting restored representativeness, we compared demographic
characteristics in the full NHANES sample of subjects ages 12–19 (n=4591) using the
CDC-provided interview weights with characteristics in our main study sample (n=2105)
and fasting sub-sample (n=953) using the reweighted MEC and fasting sample weights,
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respectively. As hoped, the reweighted study samples were similar to the NHANES
interview sample in terms of sex, race/ethnicity, and age (Appendix 1.D).
Participant demographic, anthropometric, and cardiometabolic characteristics
were calculated for the study sample and fasting subsample. For PA and sedentary-time
variables, means were calculated for the study sample as well as for sex subgroups, and
independent-samples t-tests (continuous variables) or chi-square tests (categorical
variables) were used to test for differences between males and females.
Multivariable regression models were used to test for associations between PA
predictor variables and cardiometabolic outcome variables. Residuals were examined to
test assumptions of normality, and WC, insulin, and triglycerides were log-transformed.
Three main models were employed: model 1 analyses included TAC as the main
predictor, model 2 analyses included MVPA minutes as the main predictor, and model 3
analyses included both L-TAC and MV-TAC as the main predictors. As secondary
analyses, we also modeled TAC and MVPA together to determine whether either variable
was significantly associated with cardiometabolic outcomes independent of the other.
Each model was run with seven cardiometabolic outcome variables: CMRI, waist
circumference, systolic BP, diastolic BP, HDL, insulin, triglycerides. All analyses
adjusted for BMI z-score; accelerometer wear time; age; sex; race-ethnicity; self-reported
television time (≤ 1hr, 2–3 hours, ≥ 4 hrs); self-reported computer time (≤ 1 hr, 2–3
hours, ≥ 4 hrs); smoking status (y/n); poverty-to-income ratio; energy intake; dietary
fiber; dietary sugar; dietary cholesterol; dietary saturated, monounsaturated, and
polyunsaturated fat, each as % of total kilocalories; dietary sodium; dietary potassium;
and self-reported asthma (y/n) and physical limitations (y/n). Moderation analyses were
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conducted to determine whether age or sex influenced associations between PA
predictors and cardiometabolic outcomes. A threshold of p < 0.05 was used to determine
statistical significance in our main analyses. To minimize potential for type-1 error, the
threshold was lowered to p < 0.001 for moderation analyses, which were secondary to our
main study objectives.27 Results of these analyses are reported in Chapter 4.

Additional analyses
In the original dissertation proposal defended in July 2013, Aim 1 focused on
relationships between minutes of PA at different intensities and cardiometabolic risk
factors, as well as moderation of those relationships by BMI z-score. However,
NHANES data are publicly available, and a paper published by Carson and colleagues in
August 2013 used this same dataset to test similar questions regarding associations
between light PA (LPA) and MVPA and cardiometabolic risk factors.27 Appendix 1.E
shows results of our multivariable regression analyses testing associations between light
PA and MVPA and moderation of those associations by BMI z-score. After the Carson
and colleagues paper was published, we also decided to test whether associations
between MVPA and insulin and HOMA%S were moderated by race/ethnicity; we found
no evidence of moderation (Appendix 1.F). Ultimately it was determined that a more
fundamental change in our analytical models would be necessary to differentiate our
work from Carson and colleagues, and our aim was refocused to center on the
relationships between TAC, MVPA minutes, L-TAC, and MV-TAC and cardiometabolic
risk factors.
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Let’s Get Movin’ program and dataset
Program overview
Data for Aims 2 and 3 were collected from October 2012–June 2013 in partnership with
Let’s Get Movin’ (LGM), a community-based after-school PA program in a low-income,
mostly Hispanic community in East Boston, Massachusetts. Founded in 2005 by the East
Boston Neighborhood Health Center (EBNHC), the program serves children ages 8–14
referred by pediatricians based on a diagnosis of overweight or obesity. Importantly, the
foundation for this research partnership was laid over the course of several years prior to
the research period. The principal investigator for this research worked with LGM on a
volunteer basis during the 2010–2011 program year and as a part-time employee during
the 2011–2012 program year, developing lesson plans, leading program sessions for
children, and contributing to broader program objectives (e.g., assisting with grant
applications). These experiences provided important opportunities to earn the trust of
LGM’s staff and leadership team, to understand LGM participants and their unique
needs, to assess local assets, and to build relationships more broadly within the
community (e.g., with staff at local facilities where program sessions were held). The
2012–2013 partnership was designed to both support research hypothesis testing and
provide the program with high-quality program-evaluation protocols that could be
replicated in future program years; thus, methodological rigor was balanced against costcontainment and ease of implementation for program staff. All study protocols were
approved by the Tufts University Institutional Review Board. Since the initial research
period, the program curriculum and evaluation plans developed through this partnership
have been refined and reproduced in the 2013–2014 and current (2014–2015) program
years.
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During the 2012–2013 program year, children participating in LGM were
assigned to one of five program sites, all in YMCA- or city-owned gymnasiums. Each
site was led by two coaches hired through the federal government’s AmeriCorps
program; the child-to-coach ratio was capped at 13:1. Program sessions were held
twice/week after school for two hours, except during school holidays; 59 total sessions
were offered.
Each program session, children engaged in semi-structured free play (e.g., tag
games) for the first 10 minutes. The remaining time included two main sessions: exercise
and sports. Lessons aimed to achieve > 50% of time in MVPA. The exercise session
included a dynamic warmup (10 minutes), walking/running activities (20-30 minutes),
and strength-building activities (10-20 minutes). Exercises were designed to be feasible
for low-fit children. Participants were provided choices as possible (e.g., choosing to
walk or run), and popular music was played throughout. Participants reported
walking/running distances completed in program and, based on mileage accrued, could
earn medals and other small awards, like t-shirts; these rewards were provided through
Mighty Milers (www. mightymilers.org), a not-for-profit organization that provides these
resources at no charge to programs serving low-income children. After the exercise
session was a 10-minute break with a healthy snack (e.g., a piece of fruit). The sport
session included sports drills and game play (40-50 minutes), which emphasized
fun/skill-building over competition and included soccer, basketball, ultimate Frisbee, and
football. Program staff were trained on lessons and motivational strategies (e.g.,
providing positive reinforcement, supporting individual goal-setting, creating autonomysupportive environments) prior to implementation.
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Approximately once/month, the snack period was extended to 30 minutes and
short nutrition lessons were delivered (10 total over the year). These lessons were
developed collaboratively with program leaders and health center clinicians. Topics
included energy balance; whole grains; fruits and vegetables; low-fat dairy; nutrition
labels; and healthy beverages, breakfast, and snacks.

Study participants
Parents were contacted by phone by LGM staff and, if interested in the program, enrolled
their children at program offices. While most LGM participants enrolled at the beginning
of the program year (October), pediatricians referred new children on a rolling basis. At
the time of enrollment, program staff notified parents that Tufts researchers sought to use
data collected from participants for research purposes. Interested parents reviewed a
consent form (Appendix 2.A), available in English and in Spanish, explained by a staff
member certified through the Collaborative Institutional Training Initiative (CITI).
Parents who provided consent also received a child assent form (Appendix 2.B), also
available in English and Spanish, and were asked to discuss it with their child. The child
assent form was later reviewed with individual children or small groups at program sites
by CITI-certified staff, and signatures were obtained for assenting children. Both parents
and children were explicitly told that children could participate in the program even if
they opted not to have their data used for research purposes. A total of 137 enrolled in
the program over the year; five parents did not provide consent and two children did not
provide assent, leaving 130 children eligible for inclusion in our analyses.
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Demographics
All data-collection protocols were developed through collaboration between Tufts
University researchers, health center clinicians, and LGM program leaders and
administered by trained program staff. At time of enrollment, parents completed
questionnaires28 with questions on child sex, race, ethnicity, pubertal development, and
date and country of birth; mother’s country of origin; and household size and income
(Appendix 2.B). Parent surveys were scored and double-entered by program staff using
standardized scoring sheets. Entries were compared using SAS PROC COMPARE,
errors reconciled, and comparisons re-run until 0 discrepancies remained between entries.
Children were categorized yes/no for puberty based on parent-reported menarche
(girls) or voice change (boys). Poverty-to-income ratios were calculated using U.S.
federal poverty thresholds for 2012. Of all questions on the parent survey, the race item
was most often skipped (10% missing). Program staff surmised that most participants’
parents may identify themselves and their children as being Hispanic but not identify
with any of the race categories (e.g., white, black). Given the high rate of missingness,
race was not included in our analyses, and we instead used Hispanic ethnicity and
child/mother nativity data to characterize the population.

Cardiorespiratory fitness
At baseline (October or, for later registrants, time of enrollment), midpoint (February or
first session attended thereafter), and final (June) time points, children completed the
Progressive Aerobic Cardiorespiratory Endurance Run (PACER), a 20-meter maximaleffort shuttle-run test that has been strongly associated with VO2 max in children29 and
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was promoted by the Institute of Medicine (IOM) Committee on Fitness Measures and
Health Outcomes as a preferred field measure of cardiorespiratory fitness (CRF) in
youth.30 All children completed one practice session prior to the baseline test, and, to
minimize measurement error, the ratio of children to test administrators was capped at
4:1. The FitnessGram protocol was followed 31 and scores were recorded as laps
completed, using FitnessGram scoring sheets (Appendix 3.C). To contextualize fitness
levels relative to norms, scores were converted to VO2 max estimates 32 and FitnessGram
cutoffs were used to classify participants’ CRF levels as “healthy fitness zone,” “needs
improvement,” or “health risk.”31 Because FitnessGram does not publish cutoffs for 8- or
9-year-olds, fitness categorizations were conducted only for children who were ≥10 years
old at baseline. In our main analyses PACER data were analyzed as laps completed.

Anthropometry
At baseline, midpoint, and final time points, children’s height and weight were measured
in triplicate using a portable stadiometer (Seca 214) and digital scale (Health-o-Meter
752KL). Waist circumference (WC) was measured in triplicate with a flexible tape
measure at the uppermost lateral border of the right ilium, according to NHANES
protocol.33 Anthropometric and fitness data were entered by staff in Microsoft Excel
within 24 hours of collection and double-checked by a second staff member. Paper
copies were filed in a secure cabinet; at the end of the program year, anthropometric data
were checked a third time for a random 10% sample of subjects, and 0 data-entry errors
were identified.
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BMI was calculated as (weight in kilograms)/(height in meters)2 and BMI zscores calculated using growth charts from the Centers for Disease Control and
Prevention (CDC).12 We used BMI rather than BMI z-score as our outcome variable in
longitudinal analyses. Prior studies have shown that, whereas BMI z-scores are
preferred for assessing adiposity at a single time point, in longitudinal studies BMI
provides greater statistical power and yields more precise and interpretable estimates;34, 35
advantages of BMI over BMI z-scores appear particularly pronounced in studies with
obese youth.36
To explore whether BMI or BMI z-scores should be used in longitudinal analyses
in the present study, we examined whether within-subject variability of BMI or BMI zscores was associated with baseline weight status or BMI z-score, consistent with
approaches used in prior studies.34, 35, 37 First, we calculated baseline-to-final changes in
BMI z-score and BMI, regressed the change scores on baseline BMI z-score and time
between measures, and plotted residuals against baseline BMI z-score for visual
examination. Second, we compared the BMI and BMI z-score trajectories of pairmatched children who were similar in most respects except for baseline adiposity. Third,
we examined within-subject standard deviations for baseline/final BMI and baseline/final
BMI z-scores, limiting the sample to children with at least 200 days between
measurements (n=63) to ensure comparable timeframes. We tested whether withinsubject standard deviations of BMI and BMI z-score were associated with baseline
weight status category (independent samples t-tests for overweight v. obese subjects) or
baseline BMI z-score (Pearson’s correlations). All findings are outlined in Appendix
3.A. Together, these analyses suggest that, in this sample, BMI is more consistently
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sensitive to changes in adiposity than is BMI z-score, independent of subjects’ baseline
adiposity, and therefore appears to be the more appropriate variable for our longitudinal
analyses.
Waist-to-height ratios (WHtR) were calculated as (WC in cm)/(height in cm).
Prior research has found that WHtR is more strongly correlated with total and trunk body
fat than is WC,38 and normal WHtR values are stable across age, sex, and race-ethnicity
categories,39, 40 facilitating comparisons within diverse samples. However, program staff
reported challenges that may have compromised the reliability and validity of WC
measurements and, in turn, WHtR. For example, some staff found it difficult to locate
the iliac crest on palpation, particularly in the most overweight children, and others
reported children “sucking in” during WC measurements. Given high potential for
invalid WC data, height and weight measurements, which were deemed relatively less
prone to error, were used to generate our main study variables representing adiposity.
WHtR was not used in our main analyses, but pre/post data are reported in Appendix C.

General-living PA, dietary behaviors, and self-concept
Children completed surveys including three sections that gauged general-living PA,
dietary behaviors, and self-concept (Appendix 2.E). Due to time-intensity of
administration, surveys were completed at baseline and final only. At each time point,
surveys were double-entered by program staff using standardized scoring sheets and
cleaned in the same manner as baseline parent surveys.
The survey’s first section was the Physical Activity Questionnaire for Children
(PAQ-C),41, 42 a nine-item survey that provides a general measure of PA over the prior 7
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days. Questions gauge participation in different sports; activity during physical education
and recess, after school, in the evenings, on weekends, and on each day of the week; and
overall self-assessment of activity levels. The score for each item ranges from 1–5, with
higher scores denoting higher activity levels. The recess item does not have a response
option indicating “I do not have recess”; children who did not have recess wrote “no
recess” in the margin, and a score of 1 was later imputed for that item. Test
administrators noted that the majority of children attended schools that did not offer PA
during lunch; therefore, the lunchtime activity item was dropped, as reported in prior
research,43 and overall scores were calculated as the mean of the remaining eight items.
The second section of the survey was the dietary-domain subscale from the
HABITS questionnaire,44 which includes 16 questions regarding weight-related dietary
behaviors in the prior month, including intakes of fruits/vegetables, beverages (juice,
soda, other sugared beverages, water, and milk), junk foods, and fast food as well as
snacking and portion-control behaviors. It was developed for and validated with lowincome, mostly Hispanic, urban children ages 7–16.44 Aggregate dietary scores are
calculated as the sum of all items (range: 0–35; higher scores denote healthier dietary
behaviors). If there was one missing item, the sample mode for that item was imputed.
No surveys had >1 missing item.
Perceived athletic competence and global self-worth were measured using
subscales from the Harter Self-Perception Profile for Children.45 Each of the subscales
contains six items that use a structured alternative choice format, in which respondents
are asked which of two sentences is truer for them (e.g., “Some kids feel that they are
better than others their age at sports” vs. “Other kids don't feel they can play as well”)
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and whether that statement is “sort of true” or “really true” for them. Items are scored 1–
4 (higher scores denote higher perceived competence) and perceived competence and
global self-worth calculated as the mean of the 6 items in each scale. If there was one
missing item, scores were calculated as the mean of the remaining five items.45 No
surveys had >1 missing item.

Attendance and enrollment time
Staff recorded children’s attendance at each session. On testing days, the date was
recorded on children’s data-collection forms. For baseline-to-midpoint and baseline-tofinal time periods, attendance and enrollment time were calculated, respectively, as the
cumulative number of sessions attended and days elapsed between test dates.

In-program activity levels
Pedometers (Walk4Life Neo II) were used to evaluate PA during 10 program sessions
spread across the program year and representing a cross-section of typical activities.
Program staff checked all pedometers using a 20-step test to identify potentially
problematic devices prior to the initial administration.46 Pedometers were not
administered on nutrition-lesson days. Before the first data-recording day, each site
administered the devices during one program session to help children become
accustomed to wearing the devices and to allow leaders to practice administration.
Pedometers were worn during active time, beginning with the exercise session. Children
attached the pedometer to a waistband or belt at the midline of the thigh and were
instructed not to remove the device unless asked to do so. When devices were attached
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or removed, time of day was recorded. During snack, pedometers were removed and
exercise step counts were recorded; pedometers were reattached prior to sports. After the
sports session, step counts were again recorded. Anomalous events were also noted.
Pedometer data were entered within 24 hours and double-checked by a second staff
member, and paper copies were filed. At the end of the program year, all pedometer data
for a random 10% sample of participants was checked a third time and 0 errors were
identified. Notes regarding anomalous events were also reviewed and data coded as
invalid under the following conditions: the pedometer fell off >3 times during the
session or accidentally reset/malfunctioned (e.g., dead battery) or the child did not wear
the pedometer for an extended period, did not participate in some of the lesson (e.g., sat
out due to sickness/injury), or had missing measurements (e.g., left program with the
pedometer before measurements could be recorded). Pedometer data were also
considered invalid if there were <90 minutes between program start and end times and if
total step counts were ± 2 standard deviations from the mean for that lesson.
For each child, the number of valid wear sessions and total pedometer wear time,
wear time in exercise sessions, and wear time in sports sessions were calculated. Mean
steps/minute in total program time, in exercise sessions, and in sports sessions were
calculated as (total steps)/(total wear minutes) across valid sessions.

Data extraction
Data were de-identified prior to analysis at Tufts University. First and last names and
dates of birth were removed and an ID code including month and year of birth plus four
random digits was assigned to each participant. A document linking each participant’s
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name and ID code was stored on a secure drive on the health center network.

Aim 2 analyses
For Aim 2 analyses, subjects were excluded for the following reasons: having missing
baseline measurements, being <8 years old or having BMI <85th percentile at baseline,
having missing parent-reported household income or puberty data, or having no followup fitness, anthropometry, and/or child survey data. For analyses using in-program
activity level data, a subsample was created excluding subjects with no valid pedometer
sessions.
Analyses were performed using SAS 9.3, and p < 0.05 was considered the
threshold of statistical significance. Descriptive statistics were calculated for
participants’ demographic characteristics. Sample means and standard deviations were
calculated for BMI, PACER score, general-living PA score (PAQ-C), and dietary
behavior score (HABITS) at baseline and final; paired t-tests were used to test for
significance of pre/post changes. Pre/post analyses were also conducted for secondary
variables four secondary variables: BMI z-score, WHtR, perceived athletic competence,
and global self-worth. These results are not included in Chapter 4 but are reported in
Appendix 3.D. In cases where children had only two measurements, the second
measurement was used as the final time point. The percentage of participants who were
normal weight, overweight, and obese and (for children aged ≥10 years at baseline)
percentages in the “healthy fitness zone,” “needs improvement,” and “health risk” CRF
categories were calculated for baseline and final.
A multivariable regression model was used to test whether child baseline
characteristics predicted attendance. Total attendance was regressed on the following
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potential predictor variables: sex, Hispanic ethnicity, household poverty-to-income ratio,
and baseline age, PACER score, BMI z-score, general-living PA score, and diet quality
score. The model was additionally adjusted for total enrollment time and program site.
Linear mixed models (SAS PROC MIXED) were used to test longitudinal
associations between attendance and changes in PACER score and BMI (Model A
analyses), taking into account repeated individual measures. The attendance predictor
variable was 0 at baseline and cumulative number of sessions attended at follow-up
points. Models adjusted for enrollment time (0 at baseline, cumulative days between
measurements at follow-up points) and the following time-invariant variables: sex,
Hispanic ethnicity, program site, and baseline age (years), parent-reported puberty (y/n),
PACER score, BMI z-score, physical activity score (PAQ-C score), and dietary behaviors
(HABITS score).
To test whether in-program activity levels influenced these relationships, we also
ran models with in-program PA (mean pedometer steps/minute) and attendance × inprogram PA variables added (Model B analyses), using the pedometer subsample. For all
analyses where PACER score was the outcome, models were re-run with the PACER
variable log-transformed to normalize its slightly right-skewed distribution. Results were
similar following log-transformation; to facilitate interpretability, the non-transformed
PACER variable was used in final analyses. Results of Aim 2 analyses are reported in
Chapter 5.

Aim 3 analyses
For Aim 3 analyses, children were excluded for the following reasons: missing baseline
fitness, anthropometric, or demographic data; being <8 years old or having BMI <85th
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percentile at baseline; or having no valid pedometer data. Children were also excluded if
they had invalid response patterns for the perceived athletic competence survey
questions. More specifically, in that scale, responses on the left side reflect higher
perceived competence for three questions; for the other three, responses on the right
reflect higher perceived competence. If a child checked only responses on one side of the
scale, it was considered likely that he/she had not read or understood the items and the
score was considered invalid.
Data were analyzed using SAS 9.3, and p < 0.05 was considered the threshold of
statistical significance. Pearson correlations among perceived athletic competence and
PAQ-C survey items were calculated to test internal reliability. Descriptive statistics were
calculated for the full sample and gender subgroups, and differences between genders
were evaluated with independent-samples t-tests, chi-square tests, Fisher’s exact tests, or
a Wilcoxon rank-sum test. The average, median, and interquartile range of participants’
mean steps/minute were calculated for the exercise and sports sessions; box-and-whisker
plots were generated for all participants and for boys and girls. Paired t-tests were used to
test for differences in mean steps/minute in exercise versus sports among all participants
and sex-stratified subgroups.
To test correlates of PA in general living, PAQ-C was regressed on baseline
perceived athletic competence, BMI z-score, aerobic fitness (PACER laps), gender
(male), and age (years). Hispanic ethnicity and poverty-to-income ratio were also
included as covariates. To test correlates of PA in the structured program, these same
predictors were regressed on mean steps/minute in all program time, exercise sessions,
and sports sessions. These models were additionally adjusted for PAQ-C scores and
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number of valid pedometer sessions; in the sport-session analysis, steps/minute during
exercise was also adjusted for, because exercise came first and could therefore influence
sports activity. Residuals were examined to test assumptions of normality. To determine
whether main predictor variables’ effects were modified by age or gender, all models
were re-run with appropriate interaction terms. Results of these analyses are reported in
Chapter 6.
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Abstract
Background: Associations between physical activity (PA) intensity and volume and
adolescents’ cardiometabolic health have research, policy, and practice implications.
This study compares associations between cardiometabolic risk factors and 1) moderateto-vigorous PA (MVPA) minutes versus total PA volume (accelerometer-derived total
activity counts, TAC) and 2) light PA volume (counts at light intensity, L-TAC) versus
moderate-to-vigorous PA volume (counts at moderate-to-vigorous intensity, MV-TAC).
Methods: 2105 adolescents from 2003–2006 NHANES were included. Independent
variables were MVPA minutes, TAC, L-TAC, and MV-TAC. Regression models tested
associations between PA variables and continuous metabolic risk index (CMRI), waist
circumference, systolic and diastolic blood pressure, HDL, insulin, and triglycerides.
Results: TAC demonstrated a slightly stronger inverse association with CMRI (p=0.004)
than did MVPA (p=0.013). TAC and MVPA were both associated with systolic and
diastolic pressure, HDL, and insulin; associations were similar or slightly stronger for
TAC. L-TAC and MV-TAC were both associated with CMRI and HDL. Only L-TAC
was associated with diastolic pressure. Only MV-TAC was associated with waist
circumference, systolic pressure, and insulin.
Conclusions: Compared with MVPA minutes, TAC demonstrates similar or slightly
stronger associations with cardiometabolic risk factors. L-TAC-L and MV-TAC appear
similarly associated with adolescents’ clustered risk but differently associated with
individual risk factors.
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Background
Cross-sectional and longitudinal research in adolescents has firmly established protective
associations between physical activity (PA) and cardiometabolic risk factors, including
blood pressure (BP), serum lipids, and insulin, which appear to be only partially mediated
by adiposity.1-5 This research has focused principally on moderate-to-vigorous intensity
PA (MVPA), in part due to historic reliance on self-report instruments, which generally
capture MVPA with sufficient accuracy but are less useful for detecting light PA (LPA)
or PA in more finely-partitioned intensity categories (e.g., moderate, vigorous, very
vigorous).6,7 Studies’ tendency to emphasize MVPA may also stem from evidence,
mainly in adults, that activity of at least moderate intensity is needed to promote gains in
aerobic fitness.8 Evidence-based guidelines, in turn, have likewise emphasized MVPA.
For example, the 2008 Physical Activity Guidelines for Americans recommend that
children and adolescents engage in 60 minutes of PA per day, mostly at moderate-tovigorous intensity.9

Developments in PA measurement technologies, particularly accelerometers, have
enabled population-based studies to evaluate PA at a broader range of intensities.
Accelerometers record movement as activity counts over fixed time periods (epochs), and
PA researchers generally use these data to calculate subjects’ average daily minutes in
different intensity categories (e.g., minutes of sedentary, light, moderate, and vigorous
activity). To align their work with prior studies and policy guidelines, they often
combine minutes of moderate and vigorous activity and use mean daily MVPA minutes
as their primary study variable.6 In this process, any epoch above the moderate cut-point
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is counted equally as one epoch of MVPA, regardless of how many counts it recorded
above that threshold. For example, if a cut-point of 2,292 counts per minute (CPM) is
used as the threshold for moderate intensity,10 a 60-second epoch with 2,500 counts and
another with 10,000 counts would each count equally as one minute of MVPA.

Accelerometer research can also capture overall PA volume, whether as total activity
counts per day (TAC) or other similar variables, like average counts per minute of
accelerometer wear time. One advantage of TAC is that it responds to variations in PA
intensity above the moderate threshold. These variations may have important
implications given that cardiometabolic benefits of PA, on a per-minute basis, appear to
increase alongside increases in PA intensity.7, 11 In addition, TAC accounts for levels of
light physical activity (LPA); while activity behaviors below the moderate threshold were
once considered relatively inconsequential,6 a growing body of research suggests that
LPA may protect against cardiometabolic risk, and sedentary time may increase risk, in
adolescents.2, 12, 13 TAC also has limitations, however. For example, it treats all counts
equally, regardless of factors like intensity or duration, which may influence PA’s
relationship to health. Few studies have tested whether MVPA minutes or total PA
volume more strongly predicts cardiometabolic risk in children or adolescents, and results
have been mixed.14-16 Therefore, it remains uncertain whether TAC’s advantages
outweigh disadvantages, particularly relative to the more commonly-used MVPAminutes variable, in terms of its utility in PA research.
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While the benefits of each minute of PA appear to increase as intensity increases,
research has not clearly established whether this is a function of greater volume generated
at higher intensity or, alternatively, of physiologic adaptations that occur specifically
above certain intensity thresholds.6 A small number of studies, mainly in adults, have
tested associations between moderate- and vigorous-intensity activity and
cardiometabolic risk factors while controlling for total volume and found that higherintensity PA may confer greater benefits.17 However, few studies have examined these
relationships in children or adolescents, and, to our knowledge, no studies have compared
the cardioprotective influence of light versus moderate-to-vigorous PA while controlling
for total volume. To illustrate, Figure 1 shows how two different paths, representing
different durations of light and vigorous activity, might yield the same activity volume,
expressed as TAC. Based on available research, it is unclear whether such equivalent
volumes of PA (here, 10,000 TAC from light PA versus 10,000 TAC from vigorous PA)
would be associated with different cardiometabolic benefits.

To address these gaps in the literature, this study has two main objectives: 1. to compare
the strength of association between minutes of moderate-to-vigorous physical activity and
total PA volume (total activity counts per day) with cardiometabolic risk factors,
independent of BMI z-score, in a nationally representative sample of U.S. adolescents,
and 2. to compare the associations between equivalent volumes of PA accrued at light
and moderate-to-vigorous intensity with cardiometabolic markers.
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Methods
Dataset and study population
The National Health and Nutrition Examination Survey (NHANES) is an ongoing
evaluation of the U.S. population administered by the National Center for Health
Statistics (NCHS) of the Centers for Disease Control and Prevention (CDC). It uses a
complex, multistage probability design to generate a representative sample of the noninstitutionalized civilian population. Data are collected through an in-home survey and a
physical examination in a mobile examination center (MEC). In 2003–2004 and 2005–
2006 NHANES, accelerometers were also administered, and black, Mexican-American,
and adolescent populations were oversampled.18 NHANES collects data on an ongoing
basis, using three MEC data-collection teams composed of expert clinical staff. These
staff are extensively trained on standardized data-collection and analysis protocols that
limit potential variability in procedures across locations and time points.18 Detailed
descriptions of NHANES operations, including staff training and other quality-control
mechanisms, are available from CDC.19

NHANES study protocols were approved by the NCHS Research Ethics Review Board.
Written informed consent was obtained from all subjects. Consent was also received
from parents/guardians of those < 18 years old.

Accelerometer-based predictor variables
Non-wheelchair-bound subjects were given uniaxial accelerometers (ActiGraph AM7164) and asked to wear them on the right hip for seven consecutive days during waking
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hours, except when swimming or bathing. The devices recorded activity counts in 60second epochs.

Activity count files were processed using syntax adapted from the National Cancer
Institute,20 which facilitates identification and editing of unreliable or invalid values.
Non-wear time was classified as 60+ consecutive minutes with zero counts, allowing for
up to two consecutive minutes with 1-100 counts. Only subjects with ≥ 10 hours of wear
time per day for ≥ 3 days were included in the analyses.21

The intensity of each epoch was designated using cut-points validated by Evenson and
colleagues: < 100 CPM was sedentary; 100–2291 CPM was light; 2292–4007 CPM was
moderate; and ≥ 4008 counts was vigorous.10 For each subject, the number of sedentary,
light, moderate, vigorous, and moderate-to-vigorous minutes were calculated for each
valid day (i.e., days with ≥ 10 hours of wear time) and averaged across all valid days.
TAC was calculated as the total number of accelerometer counts in valid days divided by
the number of valid days. Total activity counts at light intensity (L-TAC) was calculated
as the sum total of accelerometer counts in light epochs across all valid days, divided by
the number of valid days. Total activity counts at moderate-to-vigorous intensity (MVTAC) was calculated as the sum total of accelerometer counts in moderate or vigorous
epochs across all valid days, divided by the number of valid days.

Cardiometabolic outcome variables
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In the MEC exam, trained NHANES staff measured height and weight. Body mass index
(BMI) was calculated as weight in kilograms divided by height in meters squared, and
BMI z-scores were determined based on CDC growth charts.22 Waist circumference
(WC) was measured at the uppermost lateral border of the ilium on the midaxillary line.
Three consecutive BP measurements were taken after subjects rested quietly for five
minutes while seated; systolic BP and diastolic BP were determined by averaging values
for all non-zero readings. Detailed laboratory protocols for blood measures, including
quality-control mechanisms, are described elsewhere.18 In brief, blood was drawn during
the MEC visit; it was processed and aliquoted into vials and then frozen and shipped to
offsite laboratories for analysis. Fasting insulin was measured with a two-site
immunoassay, HDL was measured directly in serum, and triglycerides were measured
enzymatically in serum. HDL was evaluated for all participants, and triglycerides and
insulin were measured only for participants in the morning examinations who had fasted
for at least eight hours, as determined by interview. The inter-assay coefficients of
variation were 2.0-4.6% for insulin, 1.5-2.1% for triglycerides, and 1.7-2.3% for HDL in
2003–2004 NHANES and 3.4-4.9% for insulin, 1.8-2.1% for triglycerides, and 1.9-2.6%
for HDL in 2005–2006 NHANES.18 Because there were equipment and laboratory
changes in 2005–2006 compared with 2003–2004 for insulin analyses, the 2005–2006
values were adjusted using a regression equation provided by CDC.18 In one case the
regression equation generated a negative value, which was set to missing.23

Metabolic risk index
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To summarize clustered cardiometabolic risk, we used a continuous metabolic risk index
(CMRI) developed and validated in youth by Martinez-Vizcaino and colleagues.24 Mean
arterial pressure ([systolic BP + 2*diastolic BP]/3),25 WC, fasting insulin, and
triglycerides-to-HDL ratio were each regressed on age and sex and the residuals divided
by the standard deviations of the residuals to generate z-scores; fasting insulin, WC, and
triglyceride-to-HDL ratios were first log-transformed to normalize skewed distributions.
The four z-scores scores were summed to yield CMRI.

Other variables
Data on age, sex, household income, household composition, pregnant/lactating status,
prior diagnosis of diabetes or asthma, and physical limitations were collected through
computer-assisted personal interviews conducted by NHANES household interviewers.
Subjects ages 16 and older were interviewed directly; parents/caregivers served as proxy
respondents for subjects ages 12–15 and for subjects unable to answer questions.
Poverty-to-income ratios were calculated as the ratio between household income and
federal poverty thresholds.

Serum cotinine levels were included in NHANES laboratory analyses, and subjects were
categorized as smokers (cotinine ≥ 3 ng/mL) or nonsmokers (cotinine < 3 ng/mL) based
on previously published cut-points.26 Dietary data were generated from a single 24-hour
dietary recall administered by trained interviewers using the United States Department of
Agriculture’s Automated Multiple-Pass Method. Dietary variables (total energy; fiber;
sugar; monounsaturated, polyunsaturated, and saturated fat, each as a percentage of total
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energy; dietary cholesterol; sodium; and potassium) were included as covariates due to
their potential association with cardiometabolic risk factors, as noted in the American
Academy of Pediatrics and American Heart Association (AHA) joint dietary
recommendations for children and adolescents27 and/or the AHA diet and lifestyle
guidelines for all Americans.28

While sedentary behavior may increase cardiometabolic risk independent of PA,29
accelerometer-derived sedentary time could not be included as a covariate due to multicollinearity with other PA variables. Therefore, self-reported television and computer
time, which represent a substantial proportion of sedentary time in U.S. adolescents,30
were included in all models as an alternative indicator of sedentary behavior. During the
household interview, subjects were asked, in two separate questions, the average daily
time spent in the prior 30 days a) watching television/videos and b) using a
computer/computer games, with seven response options ranging from none to ≥ 5 hours.
For each variable, responses were collapsed into three categories: ≤ 1 hour, 2–3 hours, or
≥ 4 hours.

Analytic Sample
Subjects were excluded from the study sample if they had returned accelerometers out of
calibration or had fewer than 3 days with ≥ 10 accelerometer wear hours; were
underweight or pregnant/lactating; had previously been diagnosed as diabetic; or had
missing HDL data, examination measures (missing height, weight, WC, or < 1 valid BP
reading), or other covariate data. Because fasting insulin and triglycerides were
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measured only in NHANES subjects participating in morning examinations, a fasting
subsample was created, with subjects with missing insulin or triglycerides data excluded.

Statistical Power
Our sample size was fixed based on the data available through NHANES. We conducted
power calculations for analyses where TAC was the predictor variable, using estimated
partial correlations based on a prior study of PA and cardiometabolic risk factors in
European youth.13 With a sample size of 2,105 (full study sample) and an alpha of 0.05,
we estimated this research would have > 80% power to detect associations between TAC
and WC (estimated partial correlation –0.08, 95% power), diastolic blood pressure (–
0.09, 99%), and systolic blood pressure (–0.10, >99%) but not HDL cholesterol (0.02,
15%). With a sample size of 952 (fasting subsample) and an alpha of 0.05, we estimated
this research would have > 80% power to detect an association between TAC and insulin
(estimated partial correlation –0.013, 98% power) but not triglycerides (–0.06, 46%).

Statistical Analysis
All analyses were conducted in SAS 9.3 and accounted for NHANES’s complex design
and sample weights.18 Given non-random loss of substantial numbers of subjects (>50%)
from the study samples, mainly due to incomplete accelerometer data, weights were
adjusted to restore national representativeness across age, sex, and racial-ethnic groups.

Participant demographic, anthropometric, and cardiometabolic characteristics were
calculated for the study sample and fasting subsample. For PA and sedentary-time
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variables, means were calculated for the study sample as well as for sex subgroups, and
independent-samples t-tests (continuous variables) or chi-square tests (categorical
variables) were used to test for differences between males and females.

Multivariable regression models were used to test for associations between PA predictor
variables and cardiometabolic outcome variables. Residuals were examined to test
assumptions of normality, and WC, insulin, and triglycerides were log-transformed.
Three main models were employed: model 1 analyses included TAC as the main
predictor, model 2 analyses included MVPA minutes as the main predictor, and model 3
analyses included both L-TAC and MV-TAC as the main predictors. As secondary
analyses, we also modeled TAC and MVPA together to determine whether either variable
was significantly associated with cardiometabolic outcomes independent of the other.
Each model was run with seven cardiometabolic outcome variables: CMRI, WC, systolic
BP, diastolic BP, HDL, insulin, and triglycerides. All analyses adjusted for BMI z-score;
accelerometer wear time; age; sex; race-ethnicity; self-reported television time (≤ 1 hr, 2–
3 hours, ≥ 4 hrs); self-reported computer time (≤ 1 hr, 2–3 hours, ≥ 4 hrs); smoking status
(y/n); poverty-to-income ratio; energy intake; dietary fiber; dietary sugar; dietary
cholesterol; dietary saturated, monounsaturated, and polyunsaturated fat, each as % of
total kilocalories; dietary sodium; dietary potassium; and self-reported asthma (y/n) and
physical limitations (y/n). Moderation analyses were conducted to determine whether
age or sex influenced associations between PA predictors and cardiometabolic outcomes.
A threshold of p < 0.05 was used to determine statistical significance in our main
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analyses. To minimize potential for type-1 error, the threshold was lowered to p < 0.001
for moderation analyses, which were secondary to our main study objectives.31

Results
A total of 4,591 subjects aged 12–19 completed the NHANES household interview. Of
those, 1,841 were excluded for invalid accelerometer data (device returned out of
calibration or < 3 days with ≥ 10 hours of accelerometer wear time); 151 for being
underweight, pregnant, or previously diagnosed diabetic; 298 for having missing WC,
systolic or diastolic BP, or HDL data; and 196 for having missing covariate data. The
main study sample included 2,105 total subjects. For the fasting subsample, an additional
1,153 were excluded for missing insulin or triglycerides data, leaving 952 subjects.

Table 1 shows unadjusted demographic, anthropometric, and cardiometabolic
characteristics for the study sample and fasting subsample. After adjusting sample
weights, the weighted demographic characteristics in the study sample and fasting
subsample were similar to the overall adolescent population in 2003–2006 NHANES,
which has been described in other studies.31 Table 2 shows unadjusted descriptive
statistics for PA and sedentary behavior variables, as well as subgroup data for males and
females. On average, subjects spent the majority of wear time in sedentary behavior and
engaged in about 35 minutes of MVPA per day. Compared with males, females engaged
in significantly less TAC and less light, moderate, and vigorous PA, whether defined as
minutes or as activity counts. Light activity accounted for 55% and 65% of TAC in
males and females, respectively. There were no significant differences by sex in terms of
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self-reported computer- or TV-time category, though higher levels of TV-watching
among males approached statistical significance (p = 0.06).

Table 3 shows the regression coefficients and standard errors for the main predictor
variables in multivariable regression models. In model 1 and model 2 analyses, MVPA
minutes and TAC were both significantly associated with CMRI, with a marginally
stronger association for TAC. In analyses of individual outcome variables, both MVPA
minutes and TAC demonstrated significant protective associations with systolic BP,
diastolic BP, HDL, and insulin. The p-values were similar where insulin was the
outcome variable and marginally lower for TAC where systolic BP, diastolic BP, and
HDL were the outcome variables. Neither MVPA minutes nor TAC was significantly
associated with WC or triglycerides, though TAC approached a statistically significant
inverse association with WC.

When MVPA minutes and TAC were modelled together (results not shown), TAC
remained significantly associated with CMRI (p=0.04), but MVPA was not significant (p
= 0.98). MVPA minutes was not independently associated with any individual outcome
variables after adjustment for TAC (p > 0.20). Independent of MVPA minutes, TAC
demonstrated a significant inverse association with diastolic BP (p = 0.03) and a
borderline-significant positive association with HDL (p = 0.05).

In model 3 analyses, fixed volumes (10,000 counts) of light (L-TAC) and moderate-tovigorous (MV-TAC) activity demonstrated significant inverse associations with CMRI,
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with regression coefficients of near-identical magnitude. L-TAC and MV-TAC also both
demonstrated significant positive associations with HDL cholesterol. L-TAC, but not
MV-TAC, demonstrated a significant inverse association with diastolic BP. MV-TAC,
but not L-TAC, demonstrated significant inverse associations with WC, systolic BP, and
insulin. Moderation analyses did not reveal significant interactions by sex or age.

Discussion
While protective associations between adolescent PA and cardiometabolic risk factors
have been well-established, few studies have parsed out the independent influences of
activity intensity and volume. These questions have important implications for research,
policy, and practice. For example, understanding the interplay between PA volume and
intensity in influencing health may inform decisions around whether PA policies and
programs should specifically target certain intensity thresholds or more broadly promote
increases in overall activity volume. Such questions take on particular urgency as
epidemic increases in obesity and decreases in PA have placed considerable numbers of
adolescents at risk for cardiometabolic disorders such as hypertension, dyslipidemia, and
insulin resistance.32

This study provides three novel findings that address these gaps. First, compared with
MVPA minutes, total physical activity volume (operationalized as TAC) was similarly or
more strongly associated with cardiometabolic risk factors in U.S. adolescents. Second,
equivalent volumes of light and moderate-to-vigorous activity demonstrated inverse
associations of similar magnitude with a summary measure of cardiometabolic risk
(CMRI). Third, equivalent volumes of light and moderate-to-vigorous activity
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demonstrated different associations with risk factors analyzed individually rather than as
a composite index: only light volume demonstrated a significant association with
diastolic BP, while only moderate-to-vigorous volume demonstrated significant
associations with WC, systolic BP, and insulin.

Our analysis suggests that TAC may be more strongly associated with systolic and
diastolic blood pressure than is MVPA; this finding mirrors the results of a prior analysis
in children ages 11-12 from the Avon Longitudinal Study of Parents and Children.16 We
also found that, compared with MVPA minutes, TAC demonstrated stronger associations
with clustered metabolic risk scores and HDL cholesterol. MVPA minutes and TAC
showed associations of approximately equal strength with insulin. Unlike MVPA
minutes, TAC does not have an upper numeric boundary and may therefore explain a
greater proportion of the variance in some health outcome variables; thus, researchers
may find that using a TAC predictor variable in conjunction with the traditional MVPAminutes predictor reduces the likelihood of type-2 error. This potential advantage should
be balanced against TAC’s limitations; for example, the concept of accelerometer counts
may be more difficult for some audiences to interpret compared with MVPA minutes.
Researchers will need to balance such considerations in the context of their research
objectives.

Available research has also provided little evidence of whether increased cardiometabolic
benefits observed with increasing PA intensity are a function of additive effects of greater
activity volume or of physiologic adaptations that occur only at higher intensities. In the
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present analysis, when MVPA minutes and TAC were modelled together, MVPA
minutes was not independently predictive of cardiometabolic risk factors, and equivalent
PA volumes at light and moderate-to-vigorous intensity (i.e., L-TAC and MV-TAC) were
similarly associated with a continuous metabolic risk score as well as with HDL
cholesterol. These findings suggest that PA-related cardiometabolic health benefits may
be achieved at a wider range of intensity levels than commonly assumed. For some
adolescents, increasing volume through longer periods of lighter PA may be more
feasible than through shorter periods of higher-intensity activity. In this study, sedentary
and light activity together comprised over 95% of adolescents’ daily wear time. Shifting
behaviors within these activity categories—whether by displacing sedentary behavior
with LPA or by increasing the intensity of LPA itself (e.g., walking instead of
standing)—may therefore represent large, untapped opportunities for increasing total
volume and promoting adolescent health.

Our approach of using intensity-category volume variables (L-TAC and MV-TAC)
yielded interesting findings and may be useful in future studies. Although L-TAC and
MV-TAC were similarly associated with a summary metabolic risk index, their
associations with individual outcome variables differed. Our findings that WC and
insulin are preferentially associated with MV-TAC are consistent with prior research
showing that these outcomes are most responsive to higher-intensity PA;11, 31 however,
this is, to our knowledge, the first study to demonstrate this result by comparing
equivalent volumes of light and moderate-to-vigorous PA. Our findings that only L-TAC
was significantly associated with diastolic BP and that only MV-TAC was associated
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with systolic BP are also novel. The biological factors underlying this finding are
difficult to explain given incomplete understanding of the pathways linking PA and blood
pressure.33 Proposed mechanisms include PA’s influence on angiogenesis, sympathetic
tone, and vascular responsiveness and remodeling;33 these or other adaptations may be
differentially influenced by PA intensity and also play different roles in influencing
systolic and diastolic BP. Further research is needed both to elucidate these mechanisms
and to test whether the findings from the present study are replicated in other populations.
Ultimately, whether PA policies and programs should aim to promote activity at specific
intensities, or greater overall PA volume, may require judgments regarding which
outcomes are most important for the individuals or populations at hand.

Strengths of this study include a large, nationally representative sample and adjustment
for a wide range of potential confounding variables, including demographic and lifestyle
factors such as dietary intakes and objectively-measured smoking status. That said,
several limitations should be acknowledged. As with all studies using cross-sectional
data, our analyses do not allow for causal inference. While accelerometers offer
advantages over self-report measurements, they do not detect certain types of activity
(e.g., upper-body movement or water-based activity) or differentiate weight-bearing from
non-weight-bearing PA. Some of our covariates, such as self-reported dietary intakes,
may be prone to bias, and there is further potential for residual confounding by
unmeasured factors. For example, aerobic fitness data were not available for the full
2003–2006 dataset; PA and aerobic fitness are moderately correlated in youth
populations and, given that both also independently influence cardiometabolic health,
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aerobic fitness may therefore partially confound our observations.34 Pubertal stage,
which was also not measured in NHANES 2003–2006, is associated multiple
cardiometabolic factors, including serum lipids, blood pressure, and insulin sensitivity,35
and could also potentially confound our analyses. Our analysis also does not differentiate
between fractionized and bouted PA, which some studies have found to have different
health benefits, particularly in adults;36 comparing bouted with fractionized PA in youth
populations may be a fruitful subject of future studies. In our model 3 analyses, only two
categories of PA volume (L-TAC and MV-TAC) were examined; further differences may
exist among more finely partitioned intensity categories. Such analyses would have been
infeasible in the present study due to our sample size and limited variability in PA,
particularly above the moderate threshold. Finally, all models adjusted for BMI z-score,
even though adiposity may be part of the causal pathway between PA and
cardiometabolic risk. Some evidence suggests that adiposity may be more likely to
inversely influence PA than PA is to inversely influence adiposity;37,38 therefore, we
opted for the conservative approach of controlling for BMI z-score in all models to
minimize potential confounding. It should be noted that the results of this analysis
pertain specifically to relationships between PA and cardiometabolic risk that are not
mediated by total adiposity.

In summary, this research finds that TAC similarly or more robustly predicts
cardiometabolic risk compared with MVPA minutes in a nationally representative sample
of U.S. adolescents. While equivalent volumes of PA from light and moderate-tovigorous intensity activity demonstrate similar associations with overall cardiometabolic
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risk, they demonstrate different associations with individual risk factors. Further
longitudinal and experimental studies with adolescents should test how comparable
volumes of PA performed at different intensities, including light activity, influence
cardiometabolic health and other outcomes.
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Table 1. Unadjusted characteristics of the study sample and fasting subsample
Study sample
(n=2105)

Fasting subsample
(n=952)

Sex
Male (%)
50.9 (1.3)
50.9 (2.5)
Race/ethnicity
Non-Hispanic White (%)
63.0 (3.0)
63.2 (3.4)
Non-Hispanic Black (%)
15.1 (2.0)
15.0 (2.3)
Mexican-American (%)
11.3 (1.5)
11.3 (1.7)
Other (%)
10.6 (1.2)
10.6 (1.5)
Age
Years
15.4 (0.1)
15.5 (0.1)
Socioeconomic Status
Poverty-to-Income Ratio
2.7 (0.1)
2.7 (0.1)
Anthropometry
Waist circumference (cm)a
80.2 (0.4)
80.0 (0.6)
BMI z-score
0.6 (0.04)
0.5 (0.1)
Overweight based on BMI (%)
17.9 (1.7)
17.6 (1.7)
Obese based on BMI (%)
16.4 (1.3)
15.9 (2.0)
Biomarkers
Systolic blood pressure (mmHg)
110.0 (0.4)
109.5 (0.5)
Diastolic blood pressure (mmHg)
60.2 (0.5)
60.9 (0.6)
HDL cholesterol (mmol/L)
1.4 (0.01)
1.4 (0.02)
Insulin (pmol/L)a
47.6 (1.8)
Triglycerides (mmol/L)a
0.9 (0.02)
Continuous metabolic risk indexb
0.0 (0.1)
Data presented as unadjusted percentages (SE) for categorical variables and unadjusted means (SE) for continuous
variables. Adjusted mobile examination center and fasting sample weights applied to study sample and fasting
subsample data, respectively.
a
data reported as geometric means
b
CMRI = sum of z-scores for mean arterial pressure, insulin, triglyceride:HDL ratio, and waist circumference
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Table 2. Average daily physical activity and self-reported sedentary behaviors among
U.S. adolescents in NHANES 2003–2006
Total sample
(n=2105)

Males
(n=1083)

Females
(n=1022)

p valuea

Activity minutes (min/d)b
Wear time
846.6 (5.0)
849.9 (5.5)
843.2 (6.1)
0.28
Sedentary
479.6 (5.1)
462.9 (5.8)
496.9 (6.5)
< 0.001
Light
331.9 (2.9)
342.6 (3.5)
320.8 (3.3)
< 0.001
Moderate
24.8 (0.7)
30.3 (1.0)
19.1 (0.7)
< 0.001
Vigorous
10.3 (0.5)
14.0 (0.7)
6.4 (0.5)
< 0.001
Moderate-to-vigorous
35.1 (1.1)
44.3 (1.7)
25.5 (1.1)
< 0.001
Activity counts (10,000 counts/d)b
Total accelerometer counts
34.8 (0.6)
40.1 (0.9)
29.3 (0.6)
< 0.001
Total accelerometer counts–light
20.5 (0.2)
22.0 (0.3)
19.0 (0.2)
< 0.001
Total accelerometer counts–moderate
7.4 (0.2)
9.1 (0.3)
5.6 (0.2)
< 0.001
Total accelerometer counts–vigorous
6.1 (0.3)
8.2 (0.5)
3.8 (0.3)
< 0.001
Total accelerometer counts–moderate-to13.4 (0.5)
17.3 (0.7)
9.4 (0.5)
< 0.001
vigorous
c
Television time (% of population)
≤ 1 hour
39.4 (2.0)
36.2 (2.3)
42.6 (2.5)
2–3 hours
41.2 (1.7)
43.7 (2.1)
38.6 (2.1)
0.06
≥ 4 hours
19.5 (1.2)
20.2 (2.2)
18.7 (1.5)
Computer time (% of population)c
≤ 1 hour
67.4 (2.0)
66.1 (2.7)
68.8 (2.1)
2–3 hours
24.6 (1.7)
25.4 (2.2)
23.7 (1.9)
0.61
≥ 4 hours
8.0 (0.9)
8.5 (1.4)
7.5 (1.0)
Activity duration variables = mean number of daily minutes at each intensity level; activity volume variables = mean
total daily counts or counts accrued in epochs at each intensity level. Thresholds: sedentary, < 100 counts/min; light,
100-2291 counts/min; moderate, 2292-4007 counts/min; vigorous, ≥ 4008 counts/min.
Data presented as unadjusted means (SE).
a
p-value for comparison of males with females using independent samples t-test (continuous variables) or Rao-Scott Fadjusted chi-square test (categorical variables).
b
derived from accelerometer data
c
derived from self-report

91

Table 3. Associations between physical activity predictor variables (total accelerometer counts [TAC], moderate-to-vigorous PA [MVPA]
minutes, and TAC at light and moderate-to-vigorous intensity) with cardiometabolic risk factors among U.S. adolescents
Fasting Subsample (n=952)
CMRIa

Insulin
(pmol/L)b

Full Study Sample (n=2105)

Triglycerides
(mmol/L)b

Waist Circ.
(cm)b

Systolic BP
(mmHg)

Diastolic DBP
(mmHg)

HDL
(mmol/L)

-0.00028 (0.00014)

-0.053 (0.018)

-0.083 (0.019)

0.0020 (0.00058)

Model 1
Total accelerometer countsc

-0.019 (0.0060) -0.0043 (0.0019) -0.0025 (0.0021)

p-value

0.004

0.03

0.23

0.06

0.005

0.0001

0.002

2

0.537

0.385

0.173

0.813

0.222

0.104

0.205

-0.00013 (0.000081)

-0.031 (0.011)

-0.038 (0.11)

0.00082 (0.00033)

Model R
Model 2

MVPA minutesd

-0.0095 (0.0036) -0.0026 (0.0011) -0.0016 (0.0012)

p-value

0.013

0.03

0.19

0.12

0.008

0.001

0.02

2

0.534

0.386

0.175

0.812

0.222

0.100

0.202

-0.00016 (0.00030)

-0.031 (0.044)

-0.172 (0.060)

0.0029 (0.0013)

0.603

0.494

0.008

0.040

-0.00033 (0.00015)

-0.062 (0.027)

-0.047 (0.025)

0.0016 (0.00076)

Model R
Model 3

Total accelerometer counts–lightc
p-value

-0.019 (0.0090)
0.040

0.0035 (0.0052) -0.00048 (0.0031)
0.505

0.878

Total accelerometer counts–mod/vigc -0.019 (0.0068) -0.0073 (0.0024) -0.0033 (0.0025)
p-value

0.009

0.004

0.194

0.032

0.028

0.066

0.042

2

0.537

0.389

0.174

0.813

0.223

0.107

0.206

Model R

Results reported as ß coefficients (SE). All models adjusted for BMI z-score; accelerometer wear time; age; sex; race-ethnicity; self-reported daily time on each television and
computer (≤ 1 hr, 2–3 hours, ≥ 4 hrs); smoking status (y/n); poverty-to-income ratio; energy intake; dietary fiber; dietary sugar; dietary cholesterol; dietary saturated,
monounsaturated, and polyunsaturated fat, each as % of total kilocalories; dietary sodium; dietary potassium; and self-reported asthma (y/n) and physical limitations (y/n).
Total accelerometer counts = mean accelerometer counts per day across all wear minutes; MVPA minutes = mean number of daily minutes with ≥ 2292 counts; total accelerometer
counts–light = mean daily accelerometer counts accrued in minutes with 100-2291 counts; total accelerometer counts–mod/vig = mean daily accelerometer counts accrued in
minutes with ≥ 2292 counts
a
Continuous metabolic risk index = sum of z-scores for mean arterial pressure, insulin, triglyceride:HDL ratio, and waist circumference (range: -5.3 to 7.8) blog-transformed
c
10,000 counts/day d1 minute/day
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Figure 1. Illustration of how movement at different intensities could yield equivalent
volumes of physical activity

93

Chapter 5:
Impact of a community-based physical activity program on fitness and adiposity
among low-income, overweight/obese children:
findings from a practice-based study

Authors: Daniel P. Hatfield, MS1, Virginia R. Chomitz, PhD1,2, Kenneth K.H. Chui,
PhD2, Jennifer M. Sacheck, PhD1, Allison A. Brown, MD3, Christina D. Economos, PhD1
1

Tufts University Friedman School of Nutrition Science & Policy, 2Tufts University
School of Medicine, Department of Public Health and Community Medicine, 3East
Boston Neighborhood Health Center, East Boston, MA3

Prepared for submission to Health Promotion Practice.

94

Abstract
This study tested whether overweight/obese children’s attendance in a community-based
physical activity (PA) program was associated with changes in cardiorespiratory fitness
(CRF) and adiposity and whether in-program activity levels influenced those
associations. Program sessions (offered twice/week for two hours over 9 months)
included structured exercise/sports. At baseline and follow-up, CRF was measured as
Progressive Aerobic Cardiorespiratory Endurance Run (PACER) laps, and height and
weight were measured and BMI calculated. Attendance was recorded as sessions
attended. Children wore pedometers in 10 representative sessions; in-program activity
was calculated as mean steps/minute across sessions. Linear mixed models tested
associations between attendance and changes in PACER score and BMI and the influence
of in-program activity on those associations. 101 (56% male, 93% Hispanic) participants
completed baseline and 1-2 follow-up fitness/adiposity measurements. Attendance was
associated with PACER change (β=0.093, p=0.01) but not BMI change (β=0.00026,
p=0.97). There were significant interactions between attendance and in-program activity:
attendance more favorably impacted PACER (p<0.0001) and BMI (p=0.03) as inprogram activity levels increased. Attending community-based PA programming may
improve CRF among overweight/obese children, particularly when participants are highly
active. Community practitioners should not only enroll overweight/obese children in PA
programs but also promote adequate attendance/in-program activity levels.
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INTRODUCTION
In 2012–2013, 34% of U.S. youth ages 6–19 were overweight or obese; while this
represented a plateau in prevalence relative to prior years, racial/ethnic disparities
persisted among black and Hispanic youth (Ogden, Carroll, Kit, & Flegal, 2014). Excess
adiposity in children is associated with increased risk of type 2 diabetes, non-alcoholic
fatty liver, and early atherosclerosis in childhood as well as increased risk of obesity and
related cardiometabolic diseases in later adult life (Dietz, 1998; Steinberger et al., 2009).
Increasing overweight/obese children’s cardiorespiratory fitness (CRF) may increase
their likelihood of achieving healthy weight (McGavock, Torrance, McGuire, Wozny, &
Lewanczuk, 2009; Ortega, Ruiz, Castillo, & Sjöström, 2007) and elicit adiposityindependent improvements in health markers including serum lipids, blood pressure, and
insulin sensitivity (Ortega et al., 2007).
While children’s CRF is partially determined by non-modifiable factors such as
age, sex, and genetics, it can also be increased through physical activity (PA) (Baquet,
Van Praagh, & Berthoin, 2003) Given that most U.S. youth fall short of the
recommended 60 minutes of daily moderate-to-vigorous PA (Berrigan, Dodd, Masse,
Tilert, & McDowell, 2008), it is unsurprising that CRF levels are likewise low. A 2012
nationally-representative study, for example, found that just 42% of all U.S. youth ages
12–15—and 29% and 17% of those who were overweight and obese, respectfully—
demonstrated healthy aerobic fitness levels (Gahche et al., 2014).
Recent reviews have found that PA-focused programs for overweight/obese
children may improve CRF (Vasconcellos et al., 2014) and reduce adiposity (Kelley,
Kelley, & Pate, 2014; Vasconcellos et al., 2014). These reviews mainly included
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randomized controlled trials (RCTs) that, to maximize internal validity and potential
program impact, typically demanded high levels of research expertise, financial
resources, and participant burden. Such studies advance understanding of interventions’
efficacy under near-optimal conditions but may not represent potential effectiveness in
typical, resource-constrained practitioner settings (Ammerman, Smith, & Calancie, 2014;
Brownson & Jones, 2009). Recognition of RCTs’ limitations has inspired calls for
practice-based evidence derived from interventions supported by researchers but
administered by community practitioners under usual conditions (Ammerman et al.,
2014; Brownson & Jones, 2009). Rather than tightly control study conditions (e.g.,
through strict inclusion criteria or standardization of intervention dose), practice-based
studies can document variability in program implementation and evaluate its influence on
outcomes. Although practice-based designs may make changes more difficult to detect
compared with more controlled studies, they also provide policymakers and practitioners
valuable insight into what happens when interventions are delivered in “real-world,”
resource-constrained settings.
After-school programs have been identified as a promising setting for increasing
children’s PA (Beets, 2012). However, such programs may face challenges around
attendance, particularly when resources are unavailable for transportation, participationbased incentives, or other mechanisms for increasing child turnout. Furthermore, other
studies have shown that children’s PA levels when they do attend after-school
programming is highly variable (Trost, Rosenkranz, & Dzewaltowski, 2011). Given
evidence of a dose-response relationship between PA and changes in adiposity and fitness
(Carson et al., 2013; Janssen & LeBlanc, 2010), such variability in attendance and in-
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program PA may have important implications for children’s health outcomes. However,
to our knowledge, just two prior studies have explored the impact of attendance rates in
after-school PA programs on children’s CRF and/or adiposity (Barbeau et al., 2007; Yin
et al., 2005) and none have evaluated the influence of in-program activity levels on those
associations.
To help address gaps in the literature, this study evaluated whether attendance in a
nine-month, twice-weekly, community-based PA program predicted changes in CRF or
BMI among overweight/obese participants ages 8–14 and whether those relationships
were influenced by children’s in-program activity levels.

METHODS
Program Context
This research was conducted from October 2012–June 2013 in partnership with a
community-based after-school PA program in a low-income, mostly Hispanic community
in Massachusetts. Founded in 2005 by the East Boston Neighborhood Health Center, the
program serves overweight/obese children ages 8–14 referred by pediatricians. Our
partnership was designed to both support research hypothesis-testing and provide the
program with program-evaluation protocols that could be replicated in future program
years; thus, methodological rigor was balanced against cost-containment and ease of
implementation for program staff. Following the initial research period, the program
curriculum and evaluation plans developed through this partnership have been refined
and reproduced in the 2013–2014 and current (2014–2015) program years.
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Participating children were assigned to one of five program sites, all in YMCA- or
city-owned gymnasiums. Each site was led by two coaches hired through the federal
government’s AmeriCorps program; the child-to-coach ratio was capped at 13:1.
Program sessions were held twice/week after school for two hours, except during school
holidays; 59 total sessions were offered. Each session included semi-structured active
play (10 minutes); a dynamic warmup (10 minutes); exercises, including structured
aerobic and muscle-strengthening activities (40–50 minutes); snack, where a healthy item
(such as a piece of fruit) was provided (10 minutes); and sports skill-building/game play
(40–50 minutes). Selected exercises were acceptable/feasible for low-fit,
overweight/obese boys and girls and included activities like relays and strength-building
obstacle courses. Children were provided choices as possible, and popular music was
played throughout. Participants reported walking/running distances completed and,
based on mileage accrued, could earn medals and other small awards, like t-shirts. Sports
activities included soccer, basketball, ultimate Frisbee, and football and emphasized fun,
skill-building, and personal achievement over competition. Staff were trained on lesson
plans and on motivational strategies (e.g., providing positive reinforcement, supporting
individual goal-setting, creating autonomy-supportive environments) prior to
implementation.
Approximately once/month, the snack period was extended to 30 minutes and
short nutrition lessons were delivered (10 total over the year). These lessons were
developed collaboratively with program leaders and health center clinicians. Topics
included energy balance; whole grains; fruits and vegetables; low-fat dairy; nutrition
labels; and healthy beverages, breakfast, and snacks.
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Participants and recruitment
All study protocols were approved by the Tufts University Institutional Review
Board and parent consent/child assent were obtained prior to data collection. Parents
were contacted by phone and, if interested, enrolled their children at program offices.
Most participants enrolled in October (n=73), but some (n=57) were referred/enrolled
later in the program year.

Measures
Demographics. At time of enrollment, parents completed questionnaires (Tovar et al.,
2012) with questions on child’s sex, ethnicity, date and country of birth, and pubertal
development; mother’s country of origin; and household size and income. Children were
categorized yes/no for puberty based on menarche (girls) or voice change (boys).
Poverty-to-income ratios were calculated using U.S. federal poverty thresholds.

Cardiorespiratory fitness. At baseline (October or, for later registrants, time of
enrollment), midpoint (February or first session attended thereafter), and final (June) time
points, children completed the Progressive Aerobic Cardiorespiratory Endurance Run
(PACER), a 20-meter maximal-effort shuttle-run test shown to be correlated with VO2
max in children (Leger, Mercier, Gadoury, & Lambert, 1988). The FitnessGram protocol
was followed (The Cooper Institute, 2010), and scores recorded as laps completed. To
contextualize fitness levels relative to norms, scores were converted to VO2 max
estimates (Zhu, Plowman, & Park, 2010) and FitnessGram cutoffs were used to classify
participants’ CRF levels as “healthy fitness zone,” “needs improvement,” or “health risk”
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(The Cooper Institute, 2010); because FitnessGram does not publish cutoffs for 8- or 9year-olds, fitness categorizations were conducted only for children ≥10 years old at
baseline. In our main analyses, PACER data were analyzed as laps completed.

Body mass index. At baseline, midpoint, and final, children’s height/weight were
measured in triplicate using a portable stadiometer (Seca 214) and digital scale (Health-oMeter 752KL). BMI was calculated as (weight, kilograms)/(height, meters)2 and BMI zscores calculated using growth charts from the Centers for Disease Control and
Prevention (CDC) (Kuczmarski et al., 2000). We used BMI z-scores to represent
adiposity at a single time point—e.g., in models where baseline adiposity was a predictor
variable. In longitudinal models examining changes in adiposity, we used BMI as the
dependent variable. Prior studies have shown that BMI z-score is preferred for assessing
adiposity at a single time point but that, in longitudinal analyses, using BMI rather than
BMI z-score as the outcome variable provides greater statistical power and yields more
precise and interpretable estimates (Berkey & Colditz, 2007; Cole, Faith, Pietrobelli, &
Heo, 2005). Advantages of modeling change in BMI rather than BMI z-score appear
particularly pronounced in studies with obese youth (Woo, 2009).

PA and dietary behaviors. Children completed the Physical Activity Questionnaire for
Children (PAQ-C) (Kowalski, Crocker, & Donen, 2004), a nine-item survey that provides
a general measure of PA over the prior 7 days. Data were scored as described previously
(Hatfield, Chomitz, Chui, Sacheck, & Economos, in review); values range 1–5, with
higher scores denoting higher PA levels. Children also completed the dietary-domain
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subscale from the HABITS questionnaire (Wright et al., 2011), which includes 16
questions regarding weight-related dietary behaviors in the prior month, including intakes
of fruits/vegetables, beverages (juice, soda, other sugared beverages, water, and milk),
junk foods, and fast food as well as snacking and portion-control behaviors. Aggregate
diet scores are calculated as the sum of all items (range: 0–35; higher scores denote
healthier dietary behaviors). Given the time-intensity of administration, surveys were
completed at baseline and final time points only.

Attendance and enrollment time. Staff recorded children’s attendance at each session.
For baseline-to-midpoint and baseline-to-final time periods, attendance and enrollment
time were calculated, respectively, as the cumulative number of sessions attended and
days elapsed between measurement dates.

In-program activity levels. Pedometers (Walk4Life Neo II) were used to evaluate PA
during 10 program sessions spread across the program year and representing a crosssection of typical activities. Pedometers were not administered on nutrition-lesson days.
Step counts and total wear time (excluding snack) were recorded. Data were cleaned as
reported previously (Hatfield et al., in review), and each child’s in-program activity level
was calculated as mean pedometer steps/minute across all sessions with valid pedometer
data. A pedometer subsample was created including subjects with at least one valid
pedometer session.

Data Analysis
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Analyses were performed using SAS 9.3, and p<0.05 was considered the
threshold of statistical significance. Descriptive statistics were calculated for
participants’ demographic characteristics. Sample means and standard deviations were
calculated for BMI, PACER score, PA score (PAQ-C), and diet score (HABITS) at
baseline and final; paired t-tests were used to test for significance of changes between the
baseline and final measurements. In cases where children had only two measurements,
the last available measurement was used as the final time point. The percentage of
participants who were normal weight, overweight, and obese and (for children aged ≥10
years at baseline) percentages in the “healthy fitness zone,” “needs improvement,” and
“health risk” aerobic fitness categories were calculated for baseline and final.
As an exploratory analysis, a multivariable regression model was used to test
whether child baseline characteristics were associated with attendance. Total attendance
was regressed on the following potential predictor variables: sex, Hispanic ethnicity,
household poverty-to-income ratio, and baseline age (years), BMI z-score, PACER score,
PA score, and diet score. The model was additionally adjusted for total enrollment time
and program site.
Linear mixed models (SAS PROC MIXED) were used to test longitudinal
associations between attendance and changes in PACER score and BMI (Model A
analyses), taking into account repeated within-child measures. The attendance predictor
variable was 0 at baseline and cumulative number of sessions attended at follow-up
points. Models adjusted for enrollment time (0 at baseline, cumulative days between
measurements at follow-up points) and the following time-invariant variables: sex,
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puberty (y/n), Hispanic ethnicity, program site, and baseline age, BMI z-score, PACER
score, PA score, and diet score.
To test whether in-program activity levels influenced these relationships, we also
ran models with in-program PA (mean pedometer steps/minute) and attendance × inprogram PA variables added (Model B analyses), using the pedometer subsample. For all
analyses where PACER score was the outcome, models were re-run with the PACER
variable log-transformed to normalize its slightly right-skewed distribution. Results were
similar following log-transformation; to facilitate interpretability, the non-transformed
PACER variable was used in final analyses.

RESULTS
Of the 130 children with permission/assent, 29 were excluded for the following reasons:
having missing baseline measurements (n=4), being <8 years old or having BMI <85th
percentile at baseline (4), having missing parent-reported household income (3) or
puberty (3) data, or having missing follow-up CRF, anthropometry, and/or child survey
data (15). The study sample included 101 total children; 75 had measurements at three
time points and 26 at two time points. The pedometer subsample included 84 children
after 17 with no valid pedometer data were excluded.
Table 1 shows participants’ demographic characteristics and data regarding
program participation. Most participants were first-generation born in the U.S., with
most mothers native to Central American countries. Mean household income was about
80% of the federal poverty line ($23,050 for a four-person household in 2012). On
average, 6.4 months elapsed between baseline and final measurements and participants
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attended 25 program sessions. During program sessions, participants took on average
about 57 pedometer steps/minute, equating to roughly 5,400 steps/session.
Table 2 shows pre/post changes in CRF, adiposity, and PA and diet scores.
PACER scores increased by about 5 laps on average, and the change was statistically
significant. Average BMI showed a borderline-significant (p=0.06) average increase of
0.2 kg/m2 from baseline to final, with similar increases among boys and girls. Increases
in BMI are expected over time in children ages 8-14 (Kuczmarski et al., 2000). To
understand how the observed changes compared with typical trajectories, we used CDC
growth charts to estimate BMI changes over 6 months (the mean time elapsed between
baseline and final measurements) for a reference boy and girl staying at the same BMI zscore. At baseline, the median boy was 10.4 years old and had a BMI z-score of 2.1
(equivalent to 98.2th percentile for age/sex), and the median girl was 9.7 years old and
had a BMI z-score of 1.9 (97.5th percentile). CDC growth charts show that remaining at
the same BMI percentile over 6 months would equate to 0.7 kg/m2 increases in BMI for
both the median boy and girl (Kuczmarski et al., 2000), substantially larger changes than
the 0.2 kg/m2 increase we observed on average. The comparatively small magnitude of
observed changes suggests that children’s BMI trajectories trended favorably. Relatedly,
there were favorable baseline-to-final changes in weight status categories: at baseline,
21% of participants were overweight and 79% were obese, and at final these proportions
fell to 19% and 73%, respectively, with 8% achieving normal weight. PA and diet scores
also improved on average from baseline to final, suggesting favorable changes in weightrelated behaviors outside the program.
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In the exploratory regression model testing whether child baseline characteristics
predicted attendance, BMI z-score (ß=-8.30, p=0.01) and age (ß=-2.80, p=0.04) were
significantly associated with number of sessions attended. Sex, Hispanic ethnicity,
household poverty-to-income ratio, and baseline PA and diet scores were not significant
predictors (p>0.15).
Table 3 shows the results of linear mixed-model analyses testing longitudinal
associations between child attendance and changes in PACER scores and BMI (Model A)
and the influence of mean steps/minute in program on those associations (Model B).
Attendance was strongly associated with change in PACER score; for each session
attended, the model predicted an average 0.09 increase in PACER laps, other factors held
constant. Attendance was not associated with change in BMI in the Model A analysis.
Both Model B analyses showed significant interactions between attendance and
in-program activity levels: as activity levels increased, each session attended was
associated with greater average gains in PACER scores and lesser average gains in BMI,
other factors held equal. To illustrate this interaction, we calculated model-predicted
PACER scores and BMIs for four hypothetical children, using different combinations of
the 75th- and 25th-percentile values for attendance and in-program activity, with other
variables fixed at the sample median values. The low attendance/low in-program activity
child was used as a reference. The difference in model-predicted PACER scores and
BMIs were calculated for the remaining three children compared to the reference child to
illustrate the synergistic relationship between attendance and in-program activity (Figure
1).
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DISCUSSION
Well-controlled studies have found that PA interventions help improve CRF and reduce
adiposity in overweight/obese children, but there is limited evidence of the impact of PAfocused programs delivered through community programs representing typical practice
conditions. This study found that overweight/obese children participating in a
community-based PA program demonstrated baseline-to-final increases in CRF and
favorable shifts in weight status categories. These results are similar to another recent
study of 6- to 19-year-old children participating in a parks-based PA program (1
hour/day, 5 days/week for 10 months): among overweight/obese participants (n=134)
mean PACER scores increased significantly from baseline to final by about 2 laps on
average, and the researchers also observed significant pre/post decreases in adiposity
(Messiah et al., 2014). Taken together, these findings provide encouraging evidence that
children participating in community-based PA programs may achieve improvements in
CRF and body composition.
In non-randomized studies, evidence of a dose-response relationship between
exposures and outcomes may strengthen potential for causal inference. The present study
detected a significant dose-response relationship between attendance and changes in
PACER scores but not BMI. Two prior studies of after-school PA programs included
dose-response analyses evaluating the relationship between attendance and changes in
CRF and/or adiposity. Both programs were administered by trained non-research staff
(e.g., teachers, paraprofessionals) and had a higher maximal dose compared with the
present study (5 days/week, 2 hours/session over 10 months). The first study found a
significant overall dose-response relationship between attendance and improvements in
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both CRF and percentage body fat; however, benefits did not appear until a minimum
threshold of three sessions/week of attendance (Yin et al., 2005). The second found that
higher PA program attendance was associated with lower increases in BMI among child
participants, but, similar to the prior study, benefits only appeared above a threshold of 2
sessions/week (Barbeau et al., 2007).
Despite a comparatively low maximal dose of twice-weekly 2-hour sessions, we
found a significant dose-response relationship between program attendance and changes
in CRF; every 10 sessions attended were associated with about 1 additional lap
improvement in PACER on average, other factors equal. Our study population was
composed exclusively of overweight/obese children, whose fitness levels may respond to
relatively low doses of PA (Carrel et al., 2005). Our failure to find an association
between attendance and change in BMI may be due to insufficient maximal dose.
However, program participation may plausibly have promoted health-behavior changes in
non-dose-dependent ways (e.g., teaching basic PA skills through a small number of
sessions) and contributed to the favorable baseline-to-final changes observed in
children’s adiposity.
We also found that the association between attendance and both CRF and BMI
was influenced by in-program activity levels: benefits of each session attended were
greater when children were more active during program time. While largely intuitive,
this finding reinforces the importance of not merely creating and enrolling children in PA
programs but also ensuring that children attend and participate actively. In a prior study
with the same study population, we found that female sex, lower CRF, and older age
were associated with lower in-program activity levels (Hatfield et al., in review), and the
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present study found that older age and higher BMI z-scores were associated with lower
program attendance. Further studies are needed to understand factors that facilitate
children’s attendance and active participation in community-based PA programs and
strategies that help ensure participants benefit equitably, regardless of age, sex, weight
status, or other characteristics.
Several limitations of this research should be acknowledged. The evaluation
procedures used (e.g., PACER tests) may be more prone to measurement error compared
with gold-standard methods (e.g., direct VO2 max measurement); however, all methods
were previously validated in youth populations, and efforts were made to maximize
validity (e.g., taking anthropometric measurements in triplicate) while maintaining
feasibility and containing costs. In the absence of a nonintervention control group, our
pre/post analyses provide limited opportunity for causal inference. While our main doseresponse analyses adjusted for potential confounding variables, there may be residual
confounding by unmeasured factors. Finally, this study included children who
voluntarily enrolled in the PA program and who occupied a specific high-risk (lowincome, overweight/obese, mostly Hispanic) demographic subgroup; these factors may
limit generalizability of our findings.

CONCLUSIONS
This study has important implications for policymakers and practitioners. First, it
shows that attendance in a community-based PA program may be associated with
increases in CRF among overweight/obese children. We also found that associations
between attendance and both CRF and BMI were influenced by participants’ in-program
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activity levels: as activity levels increased, each program session attended was associated
with greater PACER gains and smaller gains in BMI on average. This finding
underscores the importance of not only enrolling children and encouraging attendance at
community PA programs but also maximizing activity levels when children do attend.
Further research in practice-based settings should continue to explore how PA programs
influence CRF and adiposity among participants, as well as strategies for promoting high
attendance and high in-program activity levels, particularly among difficult-to-engage
subgroups.
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Table 1. Characteristics of participants in an after-school physical activity program
(n=101)
% or Mean (SD)
Male
56.4
Age (years)
10.4 (1.8)
Hispanic
93.1
Puberty (menarche/voice change)
32.7
Household income
Poverty-to-income ratio
0.81 (0.47)
Below federal poverty line
74.3
Child country of birth (n=100)
United States
93.0
El Salvador
5.0
Other
2.0
Mother’s country of birth
United States
5.0
El Salvador
54.5
Colombia
8.9
Mexico
8.9
Guatemala
5.9
Other
16.8
Program participation
Total days enrolled
192 (66)
# sessions attended
25 (14)
In-program activity level (n=84)
Mean pedometer steps/min
57.1 (13.5)
Mean wear minutes/session
94.5 (2.7)
Data presented as percentage for categorical
variables and mean (SD) for continuous
variables.
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Table 2. Baseline-to-final changes in cardiorespiratory fitness, adiposity, and physical
activity (PA) and diet behaviors among participants in a community-based PA program
(n=101)
Baseline
Final
p-valuea
Cardiorespiratory fitness (PACER laps)
15.7 (8.4)
20.3 (11.4)
< 0.0001
Body mass index (BMI)
26.2 (4.0)
26.4 (4.1)
0.06
Normal weight (%)
0
7.9
Overweight (%)
20.8
18.8
n/ab
Obese (%)
79.2
73.3
General-living PA (PAQ-C scorec)
2.98 (0.84)
3.15 (0.87)
0.03
Healthy diet behaviors (HABITS scored)
20.5 (4.5)
21.6 (4.8)
0.03
Data presented as percentage for categorical variables and unadjusted mean (SD) for
continuous variables. Mean days between baseline and final measurements: 193.
a
p-values for paired t-test for baseline versus final measurement
b
no statistical test performed for weight status category due to small cells.
c
PAQuestionnaire for Children (range: 1-5; higher scores denote higher PA levels)
d
Summary score for HABITS dietary-domain questions (range: 0-35; higher scores
denote healthier dietary behaviors)
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Table 3. Longitudinal associations between attendance in a community-based physical activity program and change in Progressive
Aerobic Cardiorespiratory Endurance Run (PACER) score and BMI (Model A) and moderation of associations by in-program activity
level

Predictor variable

Model A (n=101)
PACER score
BMI
ß (SE)
p-value
ß (SE)
p-value

Model B (n=84)
PACER score
BMI
ß (SE)
p-value
ß (SE)
p-value

Attendance
(sessions attended)

0.093
(0.035)

0.01

0.00026
(0.00685)

0.97

-0.31
(0.10)

0.0025

0.027
(0.020)

0.17

In-program activity
levela

-

-

-

-

0.037
(0.038)

0.33

-0.012
(0.015)

0.41

Attendance × inprogram activity level

-

-

-

-

0.0072
(0.0002)

<0.0001b

-0.00060
(0.00028)

0.03b

Linear mixed models included a random intercept to account for repeated within-subject measurements; models were adjusted for
time, program site, sex, Hispanic ethnicity, baseline age (years), parent-reported puberty (y/n), baseline PACER score, baseline BMI
z-score, baseline physical activity score (PAQ-C survey score) and baseline diet quality (HABITS survey score)
a
Mean steps/min, measured via pedometer
Figure 1 illustrates provides an illustration of the significant attendance × in-program activity level
interactions observed in Model B analyses
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Figure 1. Differences in model-predicted Progressive Aerobic Cardiorespiratory
Endurance Run (PACER) score and body mass index (BMI) for different combinations of
program attendance and in-program activity levels

Note: Estimated differences between conditions are based on coefficients derived from
linear mixed models; factors other than attendance and in-program activity level are held
constant.

117

Chapter 6:
Demographic, physiologic, and psychosocial correlates of physical activity in
low-income, overweight children
Authors: Daniel P. Hatfield, MS1, Virginia R. Chomitz, PhD1,2, Kenneth K.H. Chui,
PhD2, Jennifer M. Sacheck, PhD1, Christina D. Economos, PhD1
1

Tufts University Friedman School of Nutrition Science and Policy, 2Tufts University
School of Medicine, Department of Public Health and Community Medicine

Acknowledgements:
This work was completed as part of Mr. Hatfield’s doctoral thesis and was supported in
part by fellowship funding from the New Balance Foundation. We also gratefully
acknowledge our East Boston community partners who collaborated on the design and
implementation of this study.

In review, Journal of Nutrition Education and Behavior

118

ABSTRACT
Objective: To describe correlates of physical activity (PA) in general living, structured
exercise, and structured sports among low-income, overweight children in a communitybased PA program.
Methods: PA measures included self-reported general-living PA (PA Questionnaire) and
mean steps/minute in structured exercise and sports (pedometer data from 10 program
sessions). Potential correlates included BMI z-score, fitness (PACER laps), perceived
athletic competence (Harter self-perception profile), gender, and age. Separate regression
models tested associations between correlates and PA in general living, exercise, and
sports.
Results: 93 children (91% Hispanic) ages 8-14 were included. Age (ß=-0.11) and
perceived competence (ß=0.35) were associated with general-living PA (p<0.05). In
exercise, age (ß=-2.9) predicted steps/minute; in sports, age (ß=-4.3), fitness (ß=0.45),
and male gender (ß=8.7) predicted steps/minute (p<0.05).
Conclusion and implications: General-living PA may decrease with older age and lower
perceived competence. In structured activities, perceived competence may not influence
PA; however, girls and older/less fit children may engage less actively, especially in
sports.

119

INTRODUCTION

Only 42% of United States children and 8% of adolescents achieve the recommended 60
minutes of daily moderate-to-vigorous physical activity (MVPA), according to the most
recent objectively-measured, nationally-representative data.1 Among other benefits,
regular physical activity (PA) promotes healthy weight and reduces risk for health
problems including hypertension, dyslipidemia, and insulin resistance.2 While all children
benefit from PA, increasing activity levels among overweight/obese children may be
particularly important to reduce adiposity-related metabolic risk.2
Efforts to increase children’s activity have achieved limited success: in one
review, just 43% of youth PA interventions detected significant increases in MVPA or
total PA, and pooled effects were small, at only about 4 additional minutes MVPA/day.3
Research providing fuller understanding of PA correlates may help inform more effective
interventions. One challenge, however, is that correlates are largely population- and
context-specific. For example, correlates may vary depending on individual-level factors
such as child gender, age, and weight status4,5 and on whether activities are structured or
unstructured.6,7
Examining PA correlates within specific population subgroups, and within welldefined PA contexts, may enable tailoring of PA policies and programs to different
populations and environments. Studies investigating PA correlates among low-income
and racial/ethnic minority children, who disproportionately experience obesity, are
needed to inform efforts to increase PA in underserved populations and close health
disparities.8 This study’s objective was to evaluate demographic (age, gender),
physiologic (aerobic fitness, body fatness), and psychosocial (perceived athletic
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competence) correlates of PA, including both self-reported PA in general living and
objectively-measured PA in structured exercise and sports sessions, among
overweight/obese children participating in an after-school PA program.

METHODS

Program Context
Data were collected in partnership with a community-based PA program in a low-income
Hispanic community in East Boston, Massachusetts. The program was administered by a
community health center and served overweight/obese children ages 8–14 referred by
pediatricians. Two-hour sessions were held twice/week from October 2012–June 2013,
except during school vacations/holidays; 59 total sessions were offered. Children were
assigned to one of five sites (in YMCA- or city-owned gymnasiums), each led by two
staff hired through the US federal government’s AmeriCorps program. Child-to-staff
ratios were capped at 13:1. Sites followed standardized lesson plans aiming to achieve
>50% of time in MVPA and to build fundamental exercise/sport skills.
For the first 10 minutes of program, children engaged in semi-structured free play
(e.g., tag games). The remaining time included two main sessions: exercise and sports.
The exercise session included a dynamic warmup (10 minutes), walking/running
activities (20-30 minutes), and strength-building activities (10-20 minutes). Exercises
were designed to be feasible for low-fit children. Participants were provided choices as
possible (e.g., choosing to walk or run), and popular music was played throughout.
Children reported walking/running laps completed and earned small awards, such as
medals, for meeting mileage thresholds over time. After the exercise session was a 10-
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minute break with a healthy snack (e.g., piece of fruit). The sport session included sports
drills and game play (40-50 minutes), which emphasized fun/skill-building over
competition and included soccer, basketball, ultimate Frisbee, and football. Program staff
were trained on lessons and motivational strategies prior to implementation.

Participants and recruitment
Referred children’s parents were contacted by phone and completed enrollment at
program offices. Most participants (n=73) enrolled in October; 57 newly-referred
children joined throughout the program year. The Tufts University Institutional Review
Board provided approval for protection of human subjects. Parental consent and child
assent were obtained prior to participation.

Measures
Evaluation protocols were developed collaboratively by researchers, health center
clinicians, and program leaders and administered by trained program staff. Parents
completed surveys adapted from another study with recent-immigrant, Boston-area
Latina mothers;9 questions included child’s country/date of birth, ethnicity, and gender;
household size and income; and mother’s birth country. Household poverty-to-income
ratios were calculated using US federal poverty thresholds. Children’s baseline height
and weight were measured in triplicate using a portable stadiometer (Seca 214, Seca,
Chino, CA) and digital scale (Health-o-Meter 752KL, Health-o-meter, Bridgeview, IL).
Body mass index (BMI) was calculated ([weight, kilograms]/[height, meters]2) and BMIz scores determined using CDC growth charts.10 Baseline aerobic fitness was measured
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with the Progressive Aerobic Cardiorespiratory Endurance Run (PACER)11 following
FitnessGram’s protocol;12 scores were recorded as laps completed.
Baseline perceived athletic competence was measured using the Harter SelfPerception Profile for Children’s athletic-competence subscale.13 The subscale’s six
items each ask respondents which of two sentences is truer for them (e.g., “Some kids
feel that they are better than others their age at sports” vs. “Other kids don't feel they can
play as well”) and whether that statement is “sort of true” or “really true” for them. Items
are scored 1-4 (higher scores denote higher perceived competence) and perceived
competence calculated as the mean of all items.
PA in general living was measured at baseline using the Physical Activity
Questionnaire for Children (PAQ-C), a nine-item survey that measures overall PA in the
prior seven days.14 Items evaluate participation in different physical activities/sports;
effort during physical education; activity during lunch, after school, in evenings and on
weekends; overall self-assessment of PA level; and overall PA for each day. Items are
scored from 1-5 (higher scores indicate higher activity). Because area schools did not
provide lunch-period PA, the lunchtime item was dropped and PAQ-C scores calculated
as the mean of the remaining 8 items.
Pedometers (Walk4Life Neo II, Walk4Life, Oswego, IL) were used to evaluate
PA during 10 program sessions spread evenly across the program year and representing a
cross-section of typical activities. Pedometers were worn during active time, beginning
with the exercise session. When devices were attached or removed, time of day was
recorded. During snack, pedometers were removed; exercise step counts were recorded
and pedometers reattached prior to sports. After the sports session, step counts were again
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recorded. Anomalous events (e.g., reset device, child injury) were also noted. For each
child, total pedometer wear time, exercise wear time, and sports wear time were
calculated. Pedometer data were considered invalid if there were <90 minutes between
program start and end times; total step counts were +/- 2 standard deviations from the
mean for that lesson; or anomalous events rendered data invalid or non-representative.
For each child, the number of valid wear sessions was calculated. Mean steps/minute in
total program time, in exercise sessions, and in sports sessions were calculated as (total
steps)/(total wear minutes) across valid sessions.
Evaluation protocols were designed to balance methodological rigor against
practical constraints (e.g., program staff time/expertise). For example, PAQ-C and
pedometers were used instead of accelerometers to measure general-living and inprogram PA given accelerometers’ high cost and complexity of administration/datareduction. Since this research was completed, the community program has continued to
use these protocols for program-evaluation purposes.

Data Analysis
Data were analyzed using SAS 9.3 (SAS Institute, Cary, NC, 2012). Pearson correlations
among perceived athletic competence and PAQ-C survey items were calculated to test
internal reliability. Descriptive statistics were calculated for the full sample and gender
subgroups; differences between genders were evaluated with independent-samples t-tests,
chi-square tests, Fisher’s exact tests, or Wilcoxon rank-sum test. The average, median,
and interquartile range of participants’ mean steps/minute were calculated for the
exercise and sports sessions; box-and-whisker plots were generated for all participants
and for boys and girls. Paired t-tests were used to test for differences in mean
124

steps/minute in exercise versus sports among all participants and sex-stratified subgroups.
To test correlates of PA in general living, PAQ-C was regressed on baseline perceived
athletic competence, BMI z-score, aerobic fitness (PACER laps), gender (male), and age
(years). Hispanic ethnicity and poverty-to-income ratio were also included as covariates.
To test correlates of PA in the structured program, these same predictors were regressed
on mean steps/minute in all program time, exercise sessions, and sports sessions. These
models were additionally adjusted for PAQ-C scores and number of valid pedometer
sessions; in the sport-session analysis, steps/minute during exercise was also adjusted for,
because exercise came first and could therefore influence sports activity. Residuals were
examined to test assumptions of normality. To determine whether main predictor
variables’ effects were modified by age or gender, all models were re-run with
appropriate interaction terms. A threshold of p<0.05 was used to determine statistical
significance for all analyses.

RESULTS

Of 130 children who enrolled and provided consent/assent, 38 were excluded due to the
following factors: missing fitness or demographic data (n=7), being <8 years old or
having BMI <85th percentile at baseline (n=4), having invalid perceived athletic
competence response patterns (n=2), or having no valid pedometer data (n=24). The final
sample included 93 children.
Internal consistency was good for PAQ-C (Chronbach’s α=0.74) and acceptable
for perceived athletic competence (α=0.63). Table 1 shows descriptive statistics for the
full sample and gender subgroups. The total sample included low-income, mostly first-
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generation Hispanic children. Compared with girls, boys had higher BMI-z scores, were
more likely to be obese, had higher PACER scores, and took more steps during total
program time. There were no significant differences between boys’ and girls’ PAQ-C or
perceived competence scores. In the structured program, children averaged 94.4
pedometer wear minutes/session, including 53.4 minutes in exercise sessions and 41.0
minutes in sports sessions. The figure shows the distribution of mean pedometer
steps/minute for exercise and sports for the full sample and gender subgroups.
Steps/minute in exercise sessions (mean: 59.9, median: 59.0, interquartile range [IQR]:
52.4-75.9) were higher and less variable compared with sports sessions (mean: 53.6,
median: 54.5, IQR: 42.7-79.9) (p=0.0002 for paired t-test). In sex-stratified analyses,
mean steps/minute were significantly higher in exercise than in sports among girls
(p<0.001) but not boys (p=0.67).
Table 2 shows results of multivariable regression analyses. Age and perceived
athletic competence were significantly associated with self-reported general-living PA;
BMI z-score, PACER laps, and gender were not significant predictors. Other factors held
equal, for a one-year increase in age, the model would predict a 0.11 lower PAQ-C score
on average. For a 0.9-point increase in perceived competence (equivalent to shifting from
the first-quartile score, 2.3, to the third-quartile score, 3.2), the model would predict a
0.32 higher PAQ-C score on average. To put these values in context, a 2014 calibration
study found that each unit change in PAQ-C score was associated with 55.1 minutes of
weekly accelerometer-measured MVPA.15
Age, gender, and aerobic fitness were significant predictors of steps/minute
during total program time. Other factors held constant, each additional year of age was
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associated with 4.3 fewer steps/minute, equating to about 410 fewer steps/session. Being
male was associated with 8.3 more steps/minute, or about 780 more steps/session. Higher
fitness predicted higher activity levels; for a 7-lap increase in PACER score (equivalent
to shifting from the first-quartile score, 11, to the third-quartile score, 18), the model
would predict an additional 2.7 steps/minute, or about 260 steps/session. During exercise,
the association between age and pedometer steps/minute was significant but substantially
smaller compared with in total program time; betas for gender and PACER score were
also smaller and did not reach statistical significance (0.05<p< 0.10). During sports
sessions, age, male gender, and aerobic fitness were significantly associated with mean
steps/minute, and the betas larger compared with those for overall program time. There
were no significant interactions between age or gender and other predictor variables.

DISCUSSION

Prior research has shown that correlates of PA vary by individual characteristics and
environmental contexts.4-6 To our knowledge, this is the first study to explore correlates
of general-living PA and PA in structured exercise and sports sessions among
overweight/obese, low-income, mostly Hispanic youth. Our finding that general-living
PA is associated with age (−) and perceived athletic competence (+) is consistent with
prior research5,16 and reinforces the importance of these correlates in this demographic
group. High perceived competence may be particularly necessary for overweight/obese
children living in low-income communities to proactively seek/act upon opportunities for
PA. While most prior studies have found that boys are more active than girls,5 we found
no significant association between gender and general-living PA. This may be related to
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the young mean age (9.9 years) in our sample; prior studies have found the gap between
young boys’ and girls’ PAQ-C scores is small but widens with age.17 Our finding that
BMI z-score was not associated with general-living PA, or PA in the structured program,
should be interpreted cautiously. Our sample included only overweight/obese children,
and adiposity may be significantly predictive in more heterogeneous samples.
On average, children took about 5,400 steps per structured program session.
Given evidence that taking about 9,000 pedometer steps/day predicts achievement of 60
minutes of MVPA in children,18 this activity volume represents considerable progress
toward meeting recommendations. However, high variability around mean activity levels,
particularly during sports, suggests children engaged variably. Perceived competence was
not a significant predictor of structured-program PA; for children with low perceived
competence, structured environments may blunt the influence of those self-perceptions.
Our findings that gender, age, and aerobic fitness predicted activity in overall program
time and in sports are consistent with prior research.5 However, during exercise, age was
the only significant predictor. Compared with sports, exercises like walking and running,
which are structured, repetitive, and intuitive, may be less dependent on age, sex, or
fitness level. Importantly, this analysis examined steps/minute in program as the main
outcome; other important unmeasured variables (e.g., enjoyment or PA outside program
time) may also respond differently to structured exercise versus sports.
Strengths of this research include evaluation of multiple dimensions of PA,
including self-reported PA in general living and objectively-measured PA in structured
exercise and sports sessions. The analysis provides novel insight into an understudied,
high-risk population to which prior correlates research may not generalize. However,
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results of our cross-sectional analysis, where general-living PA is the outcome variable,
do not allow for causal inference. Self-reported measures may be prone to bias, and there
is potential for residual confounding by unmeasured factors, such as environmental
influences. Finally, the homogeneity of our study sample, while advantageous for
understanding a high-risk population subgroup, may limit generalizability.

IMPLICATIONS FOR RESEARCH AND PRACTICE

Our findings suggest that higher perceived athletic competence may be associated with
higher general-living PA levels among low-income, overweight/obese children; further
research, including longitudinal and intervention studies, is needed to test whether
policies/programs that increase children’s perceived competence lead to higher levels of
PA. Policymakers and interventionists should also be attuned to opportunities to stem
age-related declines in PA, such as designing facilities/programs that are accessible for
and appealing to older children.
In structured programs, overweight/obese children’s PA levels may not be
dependent on their levels of perceived competence. While girls, older children, and less
fit children may engage less actively overall, structured exercise appears to elicit more
consistent levels of activity compared with sports. Particularly if designed in enjoyable
ways, structured exercise can be a beneficial component of PA programs for
overweight/obese children. Further studies are needed to evaluate how different types of
structured activities influence other outcomes, such as enjoyment and PA outside
program time.
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Table 1. Baseline Characteristics of Low-Income, Overweight/Obese Children
Participating in a Community-Based Physical Activity Program

Gender
Male (%)
Age
Years
Ethnicity
Hispanic (%)
Household income
Poverty-to-Income Ratio
Below federal poverty line (%)
Country of Birth (%, n=91)
United States
El Salvador
Other
Mother’s Country of Birth (%)
United States
El Salvador
Guatemala
Mexico
Colombia
Other
Anthropometry
BMI z-score
Overweight (%)
Obese (%)
Aerobic Fitness
PACER laps completed
Self-Reported Physical Activity
PAQ-C score
Perceived Athletic Competence
Perceived competence scorea
Physical Activity in Program

Study sample
(n=93)

Boys
(n=51)

Girls
(n=42)

p-valuec

55

-

-

-

9.9 (1.7)

9.9 (1.7)

9.8 (1.6)

0.76

91

92

90

0.99

0.8 (0.5)
73

0.8 (0.4)
75

0.9 (0.6)
71

0.16
0.71

92
4
3

88
8
4

98
0
2

0.23

6
51
10
10
8
16

8
53
10
6
10
14

5
48
10
14
5
19

0.67

2.0 (0.4)
20
80

2.1 (0.3)
10
90

1.9 (0.5)
33
67

15.8 (8.0)

17.4 (9.4)

13.9 (5.4)

0.03

3.0 (0.8)

3.0 (0.7)

3.0 (0.9)

0.84

2.7 (0.6)

2.8 (0.6)

2.6 (0.6)

0.10

0.01
0.005

5393.3
5837.2
4854.3
0.0001
(1270.1)
(1109.0)
(1255.9)
# sessions with valid pedometer wear
3.8 (2.5)
3.9 (2.5)
3.7 (2.6)
0.46
Data are percentages for categorical variables and means (SD) for continuous variables.
PACER=Progressive Aerobic Cardiorespiratory Endurance Run
PAQ-C=Physical Activity Questionnaire for Children score; range: 1-5
a
Perceived athletic competence subscale score from Harter Self-Perception Profile for Children; range: 1-4
b
Measured via pedometer in a sample of 10 structured program sessions spread over 10 months
c
p-values for difference between boys and girls; differences tested with independent-samples t-tests, except
for % below poverty line and % overweight/obese (chi-square tests), ethnicity and child/mother country of
birth (Fisher’s exact test), and # of sessions with valid wear (Wilcoxon rank-sum test)
Average total steps/sessionb
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Table 2. Associations between Child Characteristics and Self-Reported Physical Activity (PA) in General Living and PedometerMeasured PA in Structured Exercise and Sports Sessions (n=93)
General-Living PA
a

Predictor variables
BMI z-score

PAQ-C Score
ß (SE)
p-value

Mean Pedometer-Measured Steps/Minute in Structured Program
All Program Timea,b
ß (SE)
p-value

Exercise Sessionsa,b
ß (SE)
p-value

Sports Sessionsa,b,c
ß (SE)
p-value

-0.24 (0.21)

0.25

-2.5 (3.2)

0.44

-3.1 (3.3)

0.34

-1.0 (4.5)

0.81

Aerobic fitness (PACER laps)

0.0021 (0.011)

0.85

0.39 (0.16)

0.01

0.26 (0.16)

0.10

0.45 (0.20)

0.03

Perceived athletic competence

0.35 (0.14)

0.01

-3.3 (2.1)

0.11

-3.4 (2.1)

0.11

-1.1 (2.6)

0.67

Age (years)

-0.11 (0.051)

0.04

-4.3 (1.2)

0.0007

-2.9 (1.2)

0.02

-4.3 (1.6)

0.007

Gender (male)

0.010 (0.17)

0.95

8.3 (2.8)

0.004

5.3 (2.8)

0.07

8.7 (3.5)

0.02

Model fit
R2

0.218

0.478

0.296

0.522

PAQ-C = Physical Activity Questionnaire for Children; range: 1-5.
Model additionally adjusted for: aHispanic ethnicity, poverty-to-income ratio, bPAQ-C score, program site, # valid pedometer sessions, cmean steps/minute in
exercise session
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Figure 1. Means (diamonds) and quartiles (boxplots) of children’s pedometer
steps/minute in structured exercise and sports: all program participants (n=93), girls
(n=42), and boys (n=51).

Among all participants, activity levels were less variable and higher on average
(p=0.0002 for paired t-test) during structured exercise sessions compared with structured
sports sessions. In subgroup analyses, activity in structured exercise was significantly
higher than in structured sports among girls but not boys.
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Chapter 7: Summary and Discussion
Summary
Physical activity (PA) confers numerous health benefits for children and adolescents,
including promoting maintenance or achievement of a healthy weight, increasing
cardiorespiratory fitness (CRF) levels, improving cardiometabolic risk profiles, and
promoting self-esteem.1, 2 However, the majority of children in the United States (U.S.)
fall short of recommended levels of PA, and PA levels decrease further as children move
into adolescence.3 While PA is an important public-health priority for all children and
adolescents, those who are overweight/obese may experience particular benefits in terms
of weight reduction and attenuation of cardiometabolic risk.4-7 Efforts that increase PA
among low-income and racial/ethnic minority youth are also of particular public-health
importance, given that those youth are at disproportionate risk of overweight/obesity and
related comorbities8 and also face particular barriers to PA, such as limited access to
facilities and programs.9
This dissertation aims to inform future research, policy, and practice by
addressing three gaps in the literature. First, most research on associations between PA
and cardiometabolic health has focused specifically on moderate-to-vigorous PA
(MVPA), but emerging evidence shows that PA may also be beneficial at lighter
intensities.10-12 Studies comparing associations between cardiometabolic risk factors and
MVPA minutes and total PA volume are needed to inform whether PA research, policies,
and programs should focus specifically on MVPA or more broadly promote increases in
total movement.13,2 Second, randomized controlled trials (RCTs) have demonstrated that
PA-focused interventions are efficacious for improving CRF and adiposity among
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overweight/obese youth,6, 14 but it is unclear whether such evidence translates to
community settings, where PA dose received tends to be highly variable and difficult to
control.15-20 Research that evaluates the impact of participation in PA programs delivered
in typical practitioner settings will provide important evidence to help bridge the gap
from randomized controlled efficacy trials to community practice.21-23 Third, recent
evidence has shown that correlates of PA vary both by individual-level characteristics
(e.g., overweight versus normal-weight children)24, 25 and contextual factors (e.g.,
whether activities are structured or unstructured).26, 27 Research is needed on correlates
of PA in understudied, high-risk subgroups, and in multiple environmental contexts, to
support tailoring of PA policies and programs to priority populations and settings.
To address these gaps, we analyzed two different datasets. For our first aim, we
used data from the National Health and Nutrition Examination Survey (NHANES) to
compare the strength of cross-sectional associations between minutes of MVPA and total
PA volume, as well as volume at each light and moderate-to-vigorous intensity, with
individual cardiometabolic risk factors and clustered risk among U.S. adolescents. Our
other aims used original data collected in partnership with Let’s Get Movin’ (LGM), a
community-based, after-school PA program for low-income, overweight/obese youth
ages 8–14 in East Boston, MA. Aim 2 tested whether attendance in the program was
associated with changes in CRF and adiposity, as well as whether participants’ inprogram activity levels moderated those relationships. Aim 3 evaluated demographic,
physiologic, and psychosocial correlates of PA in this high-risk population; correlates
were examined in multiple contexts, including PA in general living as well as PA in
structured exercise and sports sessions.
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The following sections briefly summarize the results of these analyses, and
subsequent sections discuss their collective implications and limitations. One common
theme that emerges across these analyses is the importance of viewing the extent to
which children are active through a multidimensional lens. In fact, our own
conceptualization of PA evolved considerably over the course of this research. Our
original conceptual model identified two dimensions of PA that were of interest: “level,”
denoting how much children/adolescents move in general, and “participation,” denoting
attendance in the PA program. Over time, it became clear that these two concepts did not
adequately describe other important, nuanced dimensions of PA. In Aim 1, for example,
the concept of PA “level” was ultimately parsed into different variables representing total
PA volume, MVPA minutes, and PA volume at light and moderate/vigorous intensity.
Similarly, in our analyses of LGM data, “level” was viewed through a variety of
contextual lenses, including not just PA in general living (the focus of our original
proposal), but also PA in structured exercise and structured sports sessions during the
after-school program. Likewise, our conceptualization of “participation” was ultimately
examined from multiple angles, including not only program attendance but also
participants’ activity levels when they did attend. Our findings reflect the importance of
these dimensions in terms of understanding youth PA and its impact on health.

Physical activity volume and intensity and cardiometabolic risk
Our first paper showed that both MVPA minutes and total PA volume demonstrated
significant protective associations with clustered cardiometabolic risk, systolic and
diastolic blood pressure, insulin, and HDL cholesterol, but not with waist circumference
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(WC) or triglycerides. These associations were slightly stronger for total PA volume than
for MVPA minutes for all outcomes except insulin, where associations were of nearidentical strength. MVPA minutes was not associated with any outcome variables
independent of total volume. These findings suggest that, in U.S. adolescents, total
volume of movement, including activity at any intensity, may demonstrate similarly
strong, or marginally stronger, associations with cardiometabolic markers compared with
time spent in MVPA.
The results of our analyses comparing volume accrued at each light and moderateto-vigorous intensity, however, reflect further nuance. On one hand, summary
cardiometabolic risk scores were similarly associated with light PA volume (ß=–0.019,
p=0.04) and moderate-to-vigorous PA volume (ß=–0.019, p=0.009), and HDL cholesterol
was also significantly associated (+) with both variables. On the other, associations
between light volume and moderate-to-vigorous volume and other individual
cardiometabolic markers were different. Moderate-to-vigorous volume was
preferentially associated with insulin (–), WC (–), and systolic blood pressure (–), while
light volume was preferentially associated with diastolic blood pressure (–). Our findings
regarding insulin and WC are consistent with other evidence,28, 29 but those regarding
blood pressure are more difficult to explain, particularly given incomplete understanding
of the pathways linking PA and blood pressure.30 Proposed mechanisms include PA’s
influence on angiogenesis, sympathetic tone, and vascular responsiveness and
remodeling;30 these or other adaptations may be differentially influenced by PA intensity
and also play different roles in influencing systolic and diastolic blood pressure. Further
research is needed, but ultimately whether PA policies and programs should aim to
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promote activity at specific intensities or greater total PA volume may depend on which
outcomes are most important for the individuals or populations at hand.

Impact of a community PA program on overweight/obese children’s CRF and adiposity
Our second paper found that overweight/obese youth participating in a community-based
PA program demonstrated pre/post increases in CRF as well as favorable shifts in weight
status categories. Our analyses examining associations between program attendance and
changes in CRF showed a significant dose-response relationship: other factors equal,
every 10 sessions of attendance were associated with about 1 lap greater gain in PACER
score. However, attendance was not significantly associated with change in BMI. It is
plausible that non-dose-dependent aspects of program participation (e.g., learning basic
skills through a small number of sessions) promoted improvements in PA and diet
behaviors outside the program, and that these changes may have contributed to the
favorable baseline-to-final changes we observed in terms of adiposity. Alternatively, our
failure to detect a significant relationship between attendance and changes in BMI may
have been related to limitations of this outcome variable, which does not differentiate
lean mass from fat mass. If attendance was associated with both reductions in fat mass
and increases in lean mass, we may have detected no association between attendance and
changes in BMI even in the presence of favorable associations between attendance and
changes in body composition.
While evidence from RCTs has demonstrated efficacy of PA interventions for
increasing CRF and reducing adiposity among overweight/obese youth, effectiveness in
resource-constrained community settings has remained less clear. Our findings build on
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a small body of prior evidence showing pre/post improvements in CRF and adiposity
among overweight/obese youth participating in community-based PA programming.31 In
the absence of a controlled study design, the association between program attendance and
CRF strengthens potential for inference of a causal relationship between program
participation and improvements in aerobic fitness. However, our findings also suggest
that attendance in a community-based program with a maximal dose of two
sessions/week may not be associated with reductions in BMI. Two other studies of afterschool PA programs held for two hours, five days/week over nine months found evidence
of a dose-response relationship between PA program attendance and improvements in
adiposity,32, 33 so it is plausible that attendance at LGM may have been associated with
changes in BMI had the program offered a higher maximal dose (e.g., daily rather than
twice-weekly sessions).
We also found evidence that the associations between attendance and both CRF
and BMI were influenced by children’s in-program activity levels, such that each session
attended was associated with greater increases in CRF and greater decreases in BMI as
in-program activity levels increased. Our moderation models predicted that, other factors
held equal, a child at the 75th percentile for both attendance and activity level (37 sessions
attended, 66 pedometer steps/minute) would have an average 0.7 kg/m2 less gain in BMI
and an average of 5 more laps gained in PACER score compared with a child in the 25th
percentile for both attendance and activity level (15 sessions attended, 48 pedometer
steps/minute). Other factors equal, this equates to about 1.5 kg less gain in body weight
and additional gain in PACER laps equivalent to about 30% of the average baseline score
(16 laps). In light of other evidence of a dose-response relationship between PA and
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changes in adiposity and fitness,2, 34 the synergistic relationship between PA program
attendance and activity levels seems largely intuitive. However, in the context of
community programming, it underscores the practical importance of the real-world
variability in PA dose received by children in after-school settings and other community
contexts. Looking exclusively at one dimension of PA participation—enrollment or
attendance, for example—may not provide a sufficiently complete understanding of dose.

Multicontextual correlates of PA in low-income, overweight, Hispanic youth
Our research examined correlates of PA in four different ways: Paper 2 included an
analysis of correlates of attendance at the PA program, and paper 3 examined correlates
of PA in general living, PA in exercise sessions, and PA in sports sessions. Together,
these analyses showed that age, sex, aerobic fitness, adiposity, and perceived competence
were each associated with some dimension of PA level/participation in a cohort of lowincome, overweight/obese, mostly Hispanic boys and girls. However, the importance of
those correlates depended on situational/contextual factors. For example, correlates of
PA in general living differed from correlates of PA in structured exercise and sports
sessions.
Age was the only correlate associated with all four PA variables: other factors
equal, older age was associated with less self-reported PA in general living, fewer
program sessions attended, and less activity in both structured exercise and sports
sessions. Other studies have likewise consistently found that age is inversely associated
with PA levels in children and adolescents,25, 35 but this research provides further
evidence that those patterns appear to hold across multiple dimensions of PA. While
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prior studies have generally found that female sex is associated with lower levels of
PA,25, 35 in our analysis sex was not associated with general-living PA, program
attendance, or structured exercise. However, during sports sessions, being female was
associated with fewer steps/minute. It is plausible that girls typically had less prior
experience with sports compared with boys and therefore were unable to engage as
actively. This seems likely given my own anecdotal observations that sports participation
seems largely non-normative for girls, particularly overweight girls, in this community.
We found that perceived athletic competence was the strongest predictor of PA in
general living. This is consistent with a recent review that found perceived competence
to be the dimension of self-concept that was most strongly associated with PA in children
and adolescents.35 We cannot infer a causal relationship between perceived competence
and general-living PA given the cross-sectional nature of this analysis, and reverse
causation is highly plausible. Still, our results provide some evidence that high perceived
competence may be necessary for overweight/obese youth to proactively seek/act upon
opportunities for PA; this may be especially true in low-income communities, where such
opportunities are often limited.9 Notably, perceived competence did not predict
attendance at or activity levels in the structured PA program. A program like LGM,
which focuses on building basic skills and stresses personal achievement and fun over
competition, may engage participants with low perceived competence as effectively as
those with higher perceived competence.
Among physiologic correlates, CRF was not significantly associated with generalliving PA or with attendance at the program, but it was associated with in-program
activity levels, especially in sports sessions. In contrast, during structured exercise, CRF
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was not a significant predictor. In sports, activities are generally less structured
compared with exercise, particularly during game-play, when participants must make
choices about whether, for example, to run down the field to score a goal or to sit back on
defense. For an unfit child, physical discomfort may make the latter option more
attractive. That BMI z-scores were not associated with activity levels in either general
living or in the structured program should be interpreted cautiously, given that all
participants were overweight/obese. However, other studies have likewise found only
mixed evidence of an association between adiposity and PA in populations including
overweight/obese and normal-weight youth.25, 36 On the other hand, higher BMI z-scores
were associated with lower levels of attendance in the community PA program, even
though the program was tailored to the needs of overweight/obese youth. It is plausible
that, even in this setting, for the most obese individuals participation was difficult,
stigmatizing, or otherwise unappealing in ways that compromised attendance.

Discussion
Research and policies surrounding children’s PA tend to deal with neatly-packaged
constructs. Randomized trials, for example, often deliver a specific PA dose in highly
controlled settings, and policy recommendations tend to stress specific objectives like “60
minutes of daily MVPA” or “mandatory physical education.” In reality, though, the way
children and adolescents move is more difficult to pin down: different kids move in many
different ways in many different contexts for many different reasons. This research
attempted to explore some of those differences and their importance for research, policy,
and practice.
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Our findings highlight the importance of PA’s multidimensionality in several
respects. Adolescents’ total PA volume, for example, may be as strongly, or more
strongly, associated with overall cardiometabolic health as are daily minutes of MVPA.
At the same time, volume accrued at different intensities may demonstrate different
associations depending on the individual cardiometabolic variable at hand. The impact of
interventions delivered in uncontrolled community settings may depend not merely on
the efficacy of the intervention, but also on what program dose is actually received—and
in practice settings that dose inevitably varies across multiple dimensions. Furthermore,
the factors that are associated with youth PA appear highly complex, varying in large part
among different populations and contexts in which children move. The following
sections discuss the implications of such complexity for the research, practitioner, and
policy communities.

Implications for the research community
Moving beyond MVPA minutes
PA research and policy documents, like the 2008 Physical Activity Guidelines for
Americans,37 have to date largely stressed the importance of children and adolescents
achieving 60 minutes of daily MVPA, in part due to historic reliance on self-report
instruments that generally capture MVPA.13,2 For example, the Physical Activity
Guidelines Advisory Committee Report, which informed the 2008 guidelines, noted that
the recommendations for youth were limited by their general reliance on self-report as
well as by the “very limited data” available on the dose-response relationship between
PA and health outcomes in children and adolescents.38 In the intervening years since
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2008, accelerometer data have become much more widely available, but research studies
continue to routinely reduce that data to MVPA minutes, at least in part to align their
work with current guidelines and previous studies.13
Our findings build on emerging evidence that the health benefits of PA extend
beyond MVPA minutes and that light PA and total PA volume also confer benefits.10-12
In light of this evidence, PA researchers may benefit from more regularly examining
dimensions of PA beyond MVPA minutes. Increasing access to accelerometer
technologies expands such opportunities.13 Operationalizing PA as total activity counts
(TAC) or mean counts per minute of wear time may offer several important advantages.
Unlike MVPA minutes, TAC does not have an upper numeric boundary within a fixed
duration of time and may therefore explain a greater proportion of the variance in some
outcome variables and, in turn, potentially reduce the likelihood of type-2 error. In
addition, using TAC rather than MVPA may reduce potential bias introduced by nonrandom differences in mean counts/minute above intensity cut-points (Appendix 1.A).
Researchers may also find that using variables representing volume by intensity
category (e.g., light volume, L-TAC, and moderate-to-vigorous volume, MV-TAC, as
used in the present research) provides nuanced insights into the relationships between PA
at different intensities and cardiometabolic risk factors or other health outcomes.
Research using larger datasets, like the International Children’s Accelerometer Database
(ICAD),39 may offer additional statistical power and, in turn, support analyses using
volume variables in more finely partitioned intensity categories. Basic-science studies
that help illuminate the pathways through which PA at different intensities influence
health outcomes are also needed to complement epidemiologic and intervention research.
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Two potential limitations of variables like TAC are their misalignment with
current policy documents like the Physical Activity Guidelines for Americans as well as
the potential difficulty of interpreting results of analyses using volume-based variables.
However, pushing beyond the boundaries of what is emphasized in current policy is
critical; otherwise, the relationship between policy and research will largely be cyclical
rather than forward-moving. Challenges regarding interpretability are important in terms
of making research actionable for practitioners, policymakers, and the mainstream public.
In studies using PA volume variables, it may be important to contextualize what those
data mean in more intuitive terms (Figure 1 in our first paper provides one potential
example). At the same time, growing access to accelerometers in devices like Fitbits and
smartphones may ultimately lead to raw accelerometer data or other volume-based
variables, like step counts, being more widely comprehensible in mainstream populations
and, in turn, appropriate for future PA guidelines.
Our use of novel variables such as TAC, L-TAC, and MV-TAC has broader
implications for researchers in terms of stretching boundaries of research conventions.
We also challenged convention in our second aim, using BMI rather than BMI z-score as
our outcome variable for longitudinal analyses. We found that, while BMI z-score may
be the more appropriate outcome variable in some longitudinal analyses,40 in our study
sample, which included many individuals in the far right tail of the BMI distribution for
their age and sex, z-scores would have failed to account for significant changes in
adiposity over time (Appendix 3.A). Of course, convention-breaking decisions must be
made judiciously: in our case, for example, the decision to use BMI rather than BMI zscore required careful analysis of the data from multiple angles and extensive discussion
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among authors. Still, our experience highlights the potential benefits of questioning
whether standard ways of operationalizing variables are in fact appropriate to a given
dataset or set of research questions.

Examining correlates of PA in diverse environmental contexts and population subgroups
This research also provides evidence that correlates of youth PA may vary depending
both on the contexts/situations in which activity happens (e.g., general living vs.
structured programs) and on the characteristics of the population being studied. These
findings are unsurprising in the context of behavioral theories that emphasize the
importance of dynamic relationships between individual and environmental factors in
determining health behaviors.41, 42
Future studies that separately analyze PA in different, well-defined environmental
contexts may provide important new insights. Social-ecological frameworks may be
useful for identifying environments where PA occurs, including organizational and
community contexts (e.g., home, school, community programs). These contexts
themselves might contain multiple sub-domains. For example, in research on PA in
schools, separate analyses of correlates in recess, physical education, or extracurricular
sports programs may reveal important nuances. Even within well-defined contexts,
research might also test multiple dimensions of children’s engagement; for example, in
sports programs, separate analyses might test correlates of children’s propensity to enroll,
to attend, and to participate actively. Parsing out PA in the different contexts where
children are active will present challenges, but emerging approaches show promise in this
area. For example, one recent study in Danish schoolchildren combined accelerometer
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data with geographic positioning system (GPS) monitoring, school-reported schedule
information (e.g., recess and physical education times), and child PA diary data to
evaluate PA patterns in a variety of broad contexts (e.g., PA in leisure time, at school, in
transport, and at home) and subdomains (e.g., urban green spaces and sports facilities).43
Such techniques may open new opportunities for better understanding youth PA patterns
and to evaluate context-specific correlates.
Analyses that are sufficiently powered to test interactions among correlates are
also needed to advance understanding of differences among population subgroups. For
example, testing weight status × age, × sex, or × race/ethnicity interaction terms might
advance understanding of whether the relationship between weight status and PA differs
among demographic subgroups. Multifaceted evidence extending from such research
will help practitioners to more effectively tailor programs to the populations they serve
and environments they work in, while also informing the design of PA policies that
promote PA equitably among children/adolescents, regardless of weight status, age, sex,
or other characteristics.

Advantages of practice-based evidence
Our analyses using evidence gathered in partnership with LGM yielded novel insights
about correlates of PA in a high-risk population subgroup, as well as about the
implications of variability inherent to “real-world” community practice. There are,
without question, limitations of practice-based research, and there are many questions
that well-controlled trials can answer, particularly regarding efficacy, that practice-based
studies cannot. Practice-based studies also present unique challenges and require
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researchers to prioritize community partner relationship-building and to be responsive to
partners’ needs, limitations, and priorities. However, practice-based research also has
unique potential to advance knowledge around how, or if, evidence from efficacy trials
relates to effectiveness in community settings, knowledge that is critical to accelerate the
translation of current research knowledge to real-world practice.
Practice-based study designs offer other advantages beyond the unique types of
insight they generate. For one, they are inexpensive, particularly compared with
traditional efficacy trials. Our partnership with LGM required no incremental funding
beyond the program’s preexisting operating budget, and, even considering the time
invested by researchers, total costs were relatively low. Particularly amid dramatic cuts
to U.S. federal research funding,44 such partnerships may represent important untapped
opportunities to generate new insights at relatively limited cost. Working with a
community partner on practice-based research may also have important learning and
development advantages for young investigators. For example, having to navigate the
practical constraints faced by community practitioners may help researchers to
subsequently design studies that are relevant to practice settings and to more effectively
translate learning from such studies in ways that are practically useful. Practice-based
research may also provide unique opportunities to train young investigators to design and
implement program monitoring and evaluation plans, to use monitoring/evaluation data
to inform real-time programmatic adjustments, and to disseminate those findings in ways
that inform future research, policy, and community practice in other settings.
A continued challenge in community-engaged, practice-based research studies
will be navigating the tension between feasibility in community settings and adequate
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methodological rigor to test research hypotheses. In the present research, we were unable
to randomize children to LGM, given the health center’s policy to make the program
available to all children who were referred and interested. This limits potential for causal
inference, even in our dose-response analyses, in which high-attenders may differ from
low-attenders in systematic, unmeasured ways. In other practice settings, grouprandomized trials—e.g., where schools or even entire communities are randomized to
intervention and control conditions—may be more feasible than traditional RCTs and
offer substantial advantages in terms of methodological rigor.23 Step-wedged study
designs, where an intervention is rolled out sequentially to different individuals or
groups, are also promising for testing PA interventions in practice settings where it is
considered unethical to withhold the intervention.45
Accelerating the production of practice-based studies may require paradigm shifts
within the PA research community. For example, researchers might look to develop
long-term research agendas that extend beyond the discovery stage, systematically
extending evidence from efficacy trials to practice settings and, in turn, helping bridge
the gap from research to practice. Such extended efforts will benefit from research
planning processes that account for factors like dissemination and scalability from the
outset.46 Funding mechanisms that support such extended research efforts will also be
needed; the National Institutes of Health’s growing funding of dissemination and
implementation research is encouraging, though those investments remain small in
comparison with those made in discovery-focused research.47 Also critical will be
opportunities for dissemination of findings from practice-based studies to those settings
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where evidence can be applied, as well as guidelines for reporting results in ways that
maximize their utility for end-users.48

Implications for the practitioner community
The importance of PA dose delivered in community PA programs
For community-based PA programs, our findings highlight that it is not enough to merely
create PA programs and enroll participants in them: efforts must be made to ensure that
children attend and participate as actively as possible. These findings have implications
in a range of practice settings beyond after-school programs. In schools, for example,
providing opportunities for physical education (PE) may not meaningfully influence
health if students regularly receive exemptions from participation or do not actively
engage when they are present.49
In practice, the dose of activity that children and adolescents receive in PE, recess,
after-school programs, sports programs, and other settings varies widely, and some
studies have found that activity levels are disproportionately low among high-risk
populations, including overweight/obese youth.17-20 However, school administrators,
community program leaders, and other stakeholders may operate on the false assumption
that dedicating a certain amount of time for PA (e.g., providing 30 minutes of PE) is
equivalent to participants spending that same amount of time moving (e.g., getting 30
minutes of MVPA). Finding strategies to optimize the level of movement during active
time is critical. In many cases, relatively modest changes within existing settings, like
providing PA equipment during recess or adopting standardized PE curricula, may have a
substantial impact on activity levels.18, 50 Using low-cost tools, like pedometers, may
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help PE staff, after-school program facilitators, coaches, or other practitioners to gauge
the extent to which participants are moving during times dedicated to PA and to inform
programmatic improvements.51 In LGM, for example, pedometer data have been used to
guide adaptations to lesson plans, to identify underperforming sites, and to help coaches
pinpoint individual children who may require targeted attention.

The importance of perceived competence for overweight/obese children
While maximizing near-term activity levels is important for PA programs, it is important
to also acknowledge other important goals, including encouraging PA outside program
time. Findings in our third paper suggest that higher perceived athletic competence may
be associated with higher general-living PA among overweight/obese children, and other
research has shown that strong athletic self-concept in adolescence predicts levels of PA
in adulthood.52 In some cases, competence-building activities may not elicit maximal
levels of activity; for example, teaching a child to dribble a basketball requires
instructional time and may, in the short term, prompt limited movement. However, the
potential benefits in terms of increasing PA outside program time, and over the life
course, may make such relatively inactive time worthwhile. It is also important to note
broader risks in programs’ being singularly focused on maximizing short-term activity
levels. For example, pressuring an unfit child to engage in high-intensity PA when he or
she is not ready to do so may compromise his/her sense of competence or engender
negative attitudes towards PA. Therefore, while PA dose delivered is one important
indicator of PA program effectiveness, that goal should also be balanced against other
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important priorities, like building PA skills and shifting overall PA behaviors beyond
program time.

Tailoring PA programs by population and context
This research provides new insight into the factors that predict PA among low-income,
overweight/obese, mostly Hispanic youth participating in structured settings. While
conventional thinking might suggest that traditional sports are most engaging, our study
found that, compared with sports, structured exercise activities, like relays and strengthbuilding obstacle courses, elicited higher levels of PA among LGM participants.
Furthermore, activity levels in exercise were more consistent among participants,
regardless of their age, sex, or fitness levels. Compared with sports, activities like
walking and running, which are structured, repetitive, and generally intuitive, may be less
dependent on individual characteristics. Walking and running also create natural
opportunities for youth of all abilities to quantifiably monitor personal achievement (e.g.,
number of laps completed) and progress (e.g., ability to jog two laps today versus one lap
a month ago). In addition, walking and running require minimal equipment and are
readily translatable outside program time, especially for children with access to safe
spaces amenable to active transportation and active living more generally. Especially if
designed in enjoyable ways, structured exercise can be a beneficial and empowering
component of PA programs for overweight/obese, low-income youth.
Interventions that specifically target overweight/obese youth may be
advantageous in that they can be tailored to unique needs and preferences. However, care
must be taken to promote a positive, non-stigmatizing environment, particularly given the
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adverse emotional and behavioral consequences for youth experiencing weight-related
bias.53 In LGM, for example, coaches are specifically instructed to avoid discussing
weight and to focus instead on benefits like building fitness, feeling good, and achieving
personal goals. In settings such as schools, separating overweight/obese from normalweight participants would likely be inherently stigmatizing. In contexts that include both
normal-weight and overweight/obese participants, efforts should be made to ensure that
activities are sensitive to the needs, preferences, and abilities of all participants,
regardless of their weight status.
Our findings also provide early evidence that might help with tailoring PA
interventions for Hispanic children and adolescents. Prior evidence has shown that
correlates of PA vary substantially among racial/ethnic groups54 and that correlates
among Hispanic youth may be influenced by factors like culturally-specific gender norms
surrounding PA participation or parenting practices that mediate or moderate the
influence of environmental characteristics on children’s PA.55, 56 While our findings may
not generalize to other racial/ethnic groups, research in Hispanic youth may be of
particular public-health importance, given that Hispanic Americans are the fastestgrowing ethnic group in the U.S.57 and that obesity prevalence is disproportionately high
among Hispanic children and adolescents.8 At the same time, further research is needed
exploring correlates of PA in a wider range of Hispanic subgroups, which are socially
and culturally heterogeneous and tend to show different patterns of lifestyle changes
during acculturation to the U.S.58, 59 This research mainly included first-generation U.S.
born children of Central American (mostly Salvadoran) parents; further research will be
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needed to understand how our findings compare with correlates in Hispanic children with
other cultural heritages and at different stages in the acculturation process.
The population- and context-specific nature of PA correlates has more general
implications for physical educators, after-school PA program leaders, and other
practitioners serving a range of populations. Providing children with opportunities to
select among multiple options may maximize engagement among diverse participants.
While such choices may be difficult in resource-constrained settings, some school
districts have made progress in this area. In Miami-Dade Country, for example, schools
offer diversified options to meet the needs of children/adolescents with different fitness
levels, developmental needs, and personal preferences. While team sports continue to be
offered, the district has expanded options to include activities like structured exercise and
water sports, which may appeal to students for whom traditional competitive athletics
may not be engaging.60 Creating opportunities for children to opt in to those activities
that are most enjoyable for them may support longer-term engagement and also help stem
later declines in PA typically seen as children move through adolescence.
To effectively tailor programming, practitioners may benefit from evaluating
factors that predict PA in the particular populations they serve and realigning programs to
meet the needs of that population or subgroups within it. In LGM, for example, we
recently adapted programming for older (11-14 years old) girls, recognizing that, based
on pedometer data, their activity levels were disproportionately low during sports. On
one hand, we recognized the importance of challenging gender norms by engaging girls
in sports, but we also found it important to respond to girls’ preferences and to capitalize
on opportunities to increase their activity levels. To balance those priorities, a split
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program model was developed: one session each week, these girls participate in standard
programming, including exercise and sports, and the other session they participate
exclusively in exercise activities—including spinning, Zumba, and treadmill exercise—at
a local YMCA.

Benefits of research partnerships
Just as researchers benefit from partnerships with community practitioners, practitioners
may likewise benefit in diverse ways. Chapters 5 and 6 note that the curriculum and
evaluation plans built through this partnership have continued to be utilized, but that brief
statement may not fully capture the breath of beneficial changes within LGM extending
from our partnership. Having a consistent curriculum and evaluation protocols has
markedly elevated the quality and consistency of programming while also enabling LGM
to present internal stakeholders and potential funders a more cohesive and compelling
story about the program and its impact on participants. Data generated through the new
evaluation systems also facilitate targeted program investments that help improve
outcomes. For example, our finding that attendance influenced fitness outcomes helped
justify the case for LGM to hire a part-time Family Engagement Specialist, whose job
description includes systematically contacting parents whose children miss program and
devising solutions for maximizing attendance. Particularly if researchers are willing to
make tradeoffs to prioritize community partners’ needs in addition to their own research
objectives, these partnerships can represent tremendous win-win propositions.
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Implications for the policy community
Importance of continued emphasis on physical activity
Broadly speaking, this research provides evidence of the benefits of PA for children’s
health: independent of adiposity, higher levels of PA are associated with improvements in
cardiometabolic profiles, and participation in PA programs may elicit gains in aerobic
fitness, which itself promotes healthy weight and confers other benefits. Given that
pediatric obesity and cardiometabolic risk factors tend to track from youth into
adulthood,61 policies that promote PA among children and adolescents may have
important benefits for population health both in the short and long terms. Policy
strategies that increase youth PA may also have important behavioral benefits over the
life course, given evidence that PA in childhood and adolescence is predictive of PA in
adulthood.7 For these reasons, policymakers should continue to make promoting youth
PA a high priority, particularly for low-income and racial/ethnic minority youth who bear
disproportionate burden of overweight/obesity and related health risks.8, 9

Designing policies that account for quality
Physical activity-focused policy initiatives sometimes treat PA in unidimensional ways.
For example, two of the objectives in Healthy People 2020 are to “Increase the
proportion of the Nation’s public and private schools that require daily physical education
for all students” and to “Increase regularly scheduled elementary school recess in the
United States.”62 These are important goals, particularly given decreases in school-based
PA, largely resulting from test-score pressures extending from the 2002 No Child Left
Behind legislation.63 However, our analysis highlights the importance of quality: just as
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our analysis showed that the impact of attendance in after-school programs was
dependent on in-program activity levels, the impact of increases in PE and in recess
likewise might depend in large part on the quality of those opportunities, including the
extent to which they are responsive to the needs of high-risk subgroups. Policy guidelines
that extend beyond simply providing PA opportunities, and also set targets for quality in
terms of both activity levels and other important goals, like skill-building, may make PA
policies more impactful.

Moving beyond “60 minutes of MVPA”
Similar to the Healthy People goals, policy documents like the Physical Activity
Guidelines for Americans, with its central emphasis on achieving 60 minutes of
moderate-to-vigorous PA per day for children and adolescents, also may not fully capture
the multidimensionality of the way young people move. Our research provides early
evidence that benefits of PA may accrue not only through MVPA but also through total
PA volume, including light PA. Given that adolescents in our NHANES sample spent
about 95% of their waking hours in either sedentary or light activity, policies that shift
activity patterns within these categories—whether by displacing sedentary behavior with
LPA or by increasing the intensity of LPA itself (e.g., walking instead of standing)—may
meaningfully advance health, even if MVPA remains unchanged. For example, city
ordinances that enhance pedestrian safety, zoning laws that promote mixed commercial
and residential community designs, and school policies that promote brief classroom
breaks among elementary-age children may increase overall PA mainly by increasing
light ambulatory activity.64, 65 Recognizing the importance of contextual factors in
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influencing PA levels, as well as inter-individual differences in terms of PA patterns and
correlates, policy guidelines that account for those contextual factors and provide room
for flexibility beyond “60 minutes of MVPA” might help increase PA and advance the
health of youth in diverse populations and communities.
Evolution in U.S. nutrition policy makes for an interesting analogy in terms of
how PA guidance might come to evolve. Whereas only one set of PA guidelines for
Americans have been issued, in 2008, the Dietary Guidelines for Americans were first
published in 1980 and are refreshed every five years. The first few sets of
recommendations offered fairly prescriptive guidance on foods and nutrients to consume
or to avoid, and by 1990 they even quantified recommendations for limiting nutrients like
dietary fat as a percentage of total calorie intakes.66-68 The 1995, 2000, and 2005
guidelines became increasingly nuanced and multidimensional, taking more of a wholediet approach, incorporating attention to PA, and acknowledging benefits of vegetarian
dietary patterns.69-71 The 2010 Guidelines for the first time included a directive to “enjoy
your food,” stressed the importance of energy-balance and healthy weight, and included
two chapters emphasizing that multiple dietary patterns can be health-promoting and that
social and environmental factors play critical roles in Americans’ diets.72 Efforts
currently underway to inform the 2015 Guidelines are incorporating attention to new dietrelated health outcomes, like cancer, as well as the implications of Americans’ diets in
other domains, including environmental sustainability.73 Two of the Dietary Guidelines
Advisory Committee’s five subcommittees have explicitly been directed to address PA
alongside diet/food (Subcommittee 3 focuses on “Diet and Physical Activity Behavior
Change,” and Subcommittee 4 on “Food and Physical Activity Environments”).
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Our findings in this dissertation provide evidence that PA policy guidelines may
likewise need to move away from prescriptive recommendations and place increasing
emphasis on concepts such as the health-promoting benefits of a range of PA patterns for
youth, representing different combinations of mode, intensity, duration, and frequency.
They might also place increasing emphasis on social, cultural, and contextual factors that
influence PA as well as on PA’s reciprocal relationships to diet and other health
behaviors.

Limitations
Several important limitations of this research should be acknowledged. These include
methodological limitations, like potential sources of measurement error or residual
confounding, which are detailed in prior chapters and summarized briefly here.
Discussed in fuller detail are larger conceptual limitations that apply both to this research
and to the research literature more broadly.

Methodological limitations
Results of our cross-sectional analyses, including both associations between
accelerometer-derived PA and cardiometabolic risk (Aim 1) and perceived athletic
competence and general living PA (Aim 3), do not allow for causal inference. All three
aims used self-report measures, including main outcome and predictor variables like
general-living PA (Aims 2 and 3) and perceived competence (Aim 2) as well as
secondary outcomes and important covariates like dietary variables (Aims 1 and 2) and
household income (Aims 1, 2, and 3), which may be prone to bias. Such bias may be
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especially problematic in our analysis where self-reported general-living PA is the main
outcome variable and self-reported perceived athletic competence is a main predictor
variable; for example, social-desirability biases may have caused some children to inflate
responses to both the general living PA (PAQ-C) and perceived competence (Harter
profile) questions, thus biasing results away from the null. Alternatively, some subgroups may have systematically over- or under-reported certain behaviors; for example, if
more obese children systematically over-reported their PA levels on the PAQ-C survey,
as has been observed in prior studies,74, 75 such bias may have prevented us from
detecting a significant inverse association between BMI z-scores and PAQ-C scores even
if adiposity and general-living PA were in fact inversely associated.
Our objective measurements likewise have limitations; for example, neither
accelerometers (Aim 1) nor pedometers (Aims 2 and 3) detect isometric PA or
differentiate weight-bearing from non-weight-bearing activity. For Aims 2 and 3, we
needed to balance methodological rigor against practical constraints like cost and
program staff capacity, particularly given our objective to ensure evaluation methods
could be replicated by LGM in future program years. In some cases, these choices may
have increased potential for measurement error; however, all tools were previously
validated in youth populations, and efforts were made to maximize validity (e.g., taking
anthropometric measurements in triplicate) in the context of program limitations.
Given that neither of our datasets used randomized controlled designs, there is
also considerable potential for residual confounding by unmeasured factors. For
example, in our NHANES analyses, aerobic fitness and pubertal stage may be associated
both with PA and with cardiometabolic risk factors, but those variables were unavailable
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and therefore could not be adjusted for. We were also unable to randomize participants
to the LGM program, limiting potential for causal inference; for example, in our doseresponse analyses, the association we detected between attendance and CRF may
plausibly have been confounded by unmeasured factors, like parental support or child
motivation. Our LGM study population included low-income, overweight/obese, mostly
Hispanic youth who voluntarily enrolled in the PA program, and this may limit
generalizability of our findings. That said, these analyses do provide novel insight into a
particularly high-risk, understudied population subgroup.

Conceptual limitations
This research includes cross-sectional analyses and longitudinal analyses over a ninemonth PA program and therefore does not address longer-term relationships among PA,
fitness, adiposity, self-perceptions, and other variables. Similar limitations appear in the
larger body of PA research: many studies rely on cross-sectional designs, and those that
do follow participants over time tend to have short windows. For example, one recent
review of PA interventions for overweight/obese children found that the average program
duration was 14 weeks.6 In another review of PA interventions, “longer term studies”
were defined as those lasting over six months.76 Research on PA in children and
adolescents over the span of years is limited.
A comparatively small body of evidence has followed subjects over such long
time periods and found important longitudinal associations. For example, one recent
study evaluated adolescents’ attitudes toward sports, exercise, and fitness and then
measured their levels of PA at five and ten years follow-up; the analysis showed that
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subjects with favorable attitudes toward PA in adolescence engaged in approximately 30–
40% more weekly MVPA at follow-up compared with those who had less favorable
attitudes.77 Further research incorporating longer time periods is needed to understand
questions like whether there are critical skill-building windows in childhood that are
important to lifelong PA habits, particularly among overweight/obese youth. It is also
unclear how the relationships among PA and related physiologic and psychosocial factors
evolve and interact over time. Our findings from LGM suggest that participants who
were fitter at baseline moved more in program, and those who moved more in program
saw greater gains from each session attended. Multiple years of participation in LGM or
similar programs may plausibly lead to gradual gains in fitness, which may in turn enable
higher in-program activity levels and, ultimately, changes in adiposity. Having worked
with LGM for nearly five years, I have found that the most profound changes in fitness,
adiposity, and PA outside the program do in fact unfold gradually, over the course of
years rather than months, among the overweight/obese youth who participate. This
research and other intervention studies with similarly short study timeframes are limited
in their inability to explore the ways in which these long-term patterns unfold.
This research and other studies also are limited in the scope of outcomes they test.
While we investigated several outcomes with which PA may be associated—fitness,
adiposity, and cardiometabolic risk—there are many others that we did not evaluate, like
social development, cognition, and academic performance. Those outcomes themselves
may plausibly respond to PA differently depending on factors like intensity or type of PA
programming (e.g., exercise versus sports). Other studies on the comparative
effectiveness of PA interventions tend to focus on proximal outcomes like minutes of
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daily MVPA or energy expenditures.50 Such comparisons are an important first step
toward synthesizing the research evidence in ways that are useful for those with the
capacity to drive change. However, reducing the impact of a PA intervention to a single,
proximal variable likely understates the full range of outcomes influenced by PA.
Further research is needed examining the impact of policy and intervention strategies not
only on PA but also other more distal outcomes, like physical and emotional health and
academic performance. Barriers to such broad-based, long-term research include high
costs, difficulty of sustaining participant engagement (e.g., loss to follow-up), and shortterm publication pressures. Extended partnerships with community programs may help
address some of these concerns. In LGM, for example, many participants re-enroll in the
program year-over-year, and even those who do not (or who “graduate out” of the
program due to age) overwhelmingly tend to remain patients at the health center and to
complete regular well visits with their physicians. Particularly if data collected through
the program could be matched with identification codes in electronic medical records,
there could be rich opportunities to analyze longitudinal changes in participants over the
course of years or even decades at relatively limited cost.

Conclusion
This research explores the multidimensionality of PA in children and adolescents, both in
terms of how PA influences health and in terms of what it might take to get young people
moving more. Our analyses provide new insights into questions surrounding how PA
volume and intensity relate to cardiometabolic health, including novel evidence that total
PA volume may be more strongly associated with cardiometabolic risk compared with

165

MVPA minutes. Through our analyses of data collected in partnership with a
community-based PA program for overweight/obese youth, we found evidence that
participation in such a program may be associated with favorable outcomes, particularly
when participants attend regularly and engage actively. We also used data from this
community partnership to provide new evidence of the demographic, physiologic, and
psychosocial factors associated with PA in multiple contexts in a cohort of low-income,
overweight/obese, mostly Hispanic children and adolescents.
At the same time, by highlighting the complexity inherent to PA behaviors and
their relationship to health, this research also draws attention to the many gaps that
remain. Future studies are needed to understand the interplay among factors that
influence youth PA as well as the ways in which PA influences a broader range of
outcomes not only in youth but also over the life course. Such research will help guide
policy and practice decisions that account for the diverse ways in which young people
move and the mutifaceted implications of PA for child and adolescent health and wellbeing.
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Appendix 1: Supplementary NHANES analyses
Appendix 1.A. Distribution of subjects’ mean pedometer counts per minute of light,
moderate, and vigorous PA

Accelerometer Counts Per Minute of Activity (Thousands)

16
14
12
10
8
6
4
2
0
Light

Moderate

Vigorous

There is considerable variety in terms of what a minute of light PA, moderate PA, and, in
particular, vigorous PA (VPA) mean in terms of number of counts.
Counts per minute of light PA (LPA): Mean: 612, Median: 608, IQR: 554-668
Counts per minute of moderate PA (MPA): Mean: 2937, Median: 2940, IQR: 2863-3020
Counts per minute of vigorous PA: Mean: 5650, Median: 5332, IQR: 4889-6014
Counts per minute of moderate-to-vigorous PA (MVPA): Mean: 3609, Median: 3476,
IQR: 3170-3855

173

Appendix 1.B. Results of regression models regressing mean counts/min of LPA on sex,
age, BMI z-score, poverty-to-income ratio, and race-ethnicity
ß (SE)

p-value

Predictor variables
Male sex
45.3 (5.7)
Age (years)
-8.3 (1.1)
BMI z-score
5.8 (3.2)
Poverty-to-income Ratio
-2.8 (1.9)
Mexican American*
-12.6 (6.7)
Black*
8.0 (5.3)
Other*
-19.0 (8.5)
*White is the omitted race category

<.0001
<.0001
0.09
0.16
0.07
0.14
0.03

Appendix 1.C. Results of regression models regressing mean counts/min of MVPA on
sex, age, BMI z-score, and poverty-to-income ratio, and race-ethnicity
ß (SE)

p-value

Predictor variables
Male sex
292.2 (45.1)
Age (years)
-28.8 (11.8)
BMI z-score
-84.6 (19.0)
Poverty-to-income Ratio
-2.0 (12.3)
Mexican American*
56.2 (48.6)
Black*
-27.7 (51.6)
Other*
-21.1 (74.3)
*White is the omitted race category

<.0001
0.02
0.0001
0.87
0.26
0.60
0.78

Appendix 1.D. Unadjusted subject characteristics: all subjects ages 12–19 years in 2003–
2006 NHANES sample and subjects in study sample and fasting subsample

Age (years)
Male (%)
Race/ethnicity
NH White (%)
NH Black (%)
Mexican-American (%)
Other (%)

2003–2006
NHANES (n=4591)
15.4 (0.1)
50.9 (0.9)

Study sample
(n=2105)
15.4 (0.1)
50.9 (1.3)

Fasting subsample
(n=953)
15.5 (0.1)
50.9 (2.5)

63.3 (2.8)
15.1 (1.8)
11.3 (1.4)
10.4 (1.1)

63.0 (3.0)
15.1 (2.0)
11.3 (1.5)
10.6 (1.2)

63.2 (3.4)
15.0 (2.3)
11.3 (1.7)
10.6 (1.5)
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Appendix 1.E. Associations between moderate-to-vigorous and light physical activity and continuous metabolic syndrome
scores (CMRI) and component risk factors and moderation of those associations by BMI z-score
Clustered Risk
CMRIa

MAP
(mmHg)

Component Risk Factors
Insulinb
TG:HDL
(pmol/L)
Ratiob

Waist
circumferenceb

Models including MVPA
Model 1
MVPA (min/d)
-0.00948 (0.00357)*
-0.02926 (0.01383)*
-0.00261 (0.0011)*
-0.00244 (0.00142)
-0.00016 (0.00015)
BMI z-score
1.32438 (0.04831)***
0.89292 (0.3326)*
0.3449 (0.02276)***
0.16397 (0.02833)*** 0.13487 (0.00335)***
Model 2
MVPA (min/d)
-0.00947 (0.00407)*
-0.02401 (0.01454)
-0.00314 (0.00128)*
-0.00299 (0.00145)*
0.00002 (0.00016)
BMI z-score
1.32541 (0.11278)***
1.2632 (0.43218)**
0.30782 (0.04508)*** 0.12553 (0.04857)*
0.14692 (0.00709)***
MVPA × BMI z-score
-0.00003 (0.00272)
-0.01125 (0.01065)
0.00113 (0.00113)
0.00116 (0.00086)
-0.00037 (0.00016)*
Models including LPA
Model 1
LPA (min/d)
-0.00107 (0.00071)
-0.01085 (0.00393)** 0.00024 (0.0004)
-0.00016 (0.00034)
-0.00003 (0.00005)
BMI z-score
1.33513 (0.05065)***
0.96094 (0.34743)**
0.34541 (0.02371)*** 0.16619 (0.02862)*** 0.13509 (0.00343)***
Model 2
LPA (min/d)
-0.00175 (0.00092)
-0.01162 (0.00458)*
-0.00011 (0.00053)
-0.0002 (0.00032)
-0.00006 (0.00006)
BMI z-score
0.95107 (0.26012)**
0.52442 (1.1431)
0.14678 (0.12382)
0.14031 (0.08541)
0.11634 (0.01764)***
LPA × BMI z-score
0.00115 (0.00074)
0.00131 (0.00335)
0.00059 (0.00035)
0.00008 (0.00023)
0.00006 (0.00005)
Results reported as ß coefficients (SE). All models adjusted for BMI z-score; accelerometer wear time; age; sex; race-ethnicity; self-reported daily time
on each television and computer (≤ 1 hr, 2–3 hours, ≥ 4 hrs); smoking status (y/n); poverty-to-income ratio; energy intake; dietary fiber; dietary sugar;
dietary cholesterol; dietary saturated, monounsaturated, and polyunsaturated fat, each as % of total kilocalories; dietary sodium; dietary potassium; and
self-reported asthma (y/n) and physical limitations (y/n).
MAP = mean arterial pressure; TG = triglycerides
a
CMRI = sum of z-scores for MAP, insulin, TGs:HDL ratio, and waist circumference b log-transformed * p < 0.05, ** p < 0.01, ***p < 0.001
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Appendix 1.F. Association between daily minutes of moderate-to-vigorous PA and HOMA%S and interaction by
race/ethnicity (n=976)
MVPA (min)
Insulin
(uU/mL)a

-0.00058
(0.00106)

HOMA%Sa

0.00058
(0.00108)

MexicanAmerican
0.19511
(0.08347)*
-0.20053
(0.08312)*

Black

Other Race

0.10253
(0.06560)

0.11164
(0.15124)

-0.10221
(0.06559)

-0.11551
(0.15031)

MVPA ×
Mex-Am
-0.00222
(0.00150)
0.00227
(0.00151)

MVPA ×
Black
-0.00204
(0.00111)
0.00209
(0.00113)

MVPA ×
Other
-0.00310
(0.00355)
0.00309
(0.00355)

Results reported as ß coefficient (SE). a Data log-transformed * p < 0.05, ** p < 0.01
All models additionally adjusted for BMI z-score; accelerometer wear time; age; sex; self-reported daily time on each television and
computer (≤ 1 hr, 2–3 hours, ≥ 4 hrs); smoking status (y/n); poverty-to-income ratio; energy intake; dietary fiber; dietary sugar; dietary
cholesterol; dietary saturated, monounsaturated, and polyunsaturated fat, each as % of total kilocalories; dietary sodium; dietary
potassium; and self-reported asthma (y/n) and physical limitations (y/n).
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Appendix 2: Let’s Get Movin’ enrollment documents and instrumentation
Appendix 2.A. Parent consent and child assent forms
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Appendix 2.B. Parent demographic questionnaire
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Appendix 2.C. PACER data-collection sheet
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Appendix 2.D. Anthropometric data-collection sheet
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Appendix 2.E. Child Survey
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Appendix 3: Supplementary Let’s Get Movin’ analyses
Appendix 3.A. Results of models regressing baseline-to-final changes in BMI z-score
(Model A) and BMI (Model B) on baseline BMI z-score and time: residuals plotted
against baseline BMI z-score (n=101)
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Appendix 3.B. Comparison baseline-to-final anthropometric changes in individual
children who were similar in most respects but different in terms of baseline adiposity
Child A:
9-year-old boy

Child B:
9-year-old boy

Overweight (87 %ile) at
baseline
226 days
+0.9 kg (39.5 to 40.4)
+2.4 cm (141.9 to 144.4)
-0.2 (19.6 to 19.4)
-0.19 (1.12 to 0.92)

Very obese (99.6 %ile) at
baseline
242 days
-0.03 kg (60.6 to 60.6)
+3.9 cm (129.8 to 133.5)
-1.5 (28.9 to 27.4)
-0.17 (2.64 to 2.56)

th

Time between measures
Weight change
Height change
BMI change
z-score change

th

Compared with Child A, Child B has substantially greater decrease in BMI but a slightly
smaller decrease in BMI z-score.
Child C:
8-year-old girl

Child D:
9-year-old girl

Obese (95 %ile)
247 days
-0.3 kg (40.4 to 40.1)
+3.7 cm (138.3 to 142.0)
-1.22 (21.1 to 19.9)
-0.42 (1.65 to 1.24)

Very obese (99.6 %ile)
245 days
+0.4 kg (63.9 to 64.3)
+3.9 cm (137.3 to 141.2)
-1.65 (33.9 to 32.3)
-0.15 (2.66 to 2.51)

th

Time between measures
Weight change
Height change
BMI change
z-score change

th

Compared with Child C, Child D has slightly greater decrease in BMI but a nearly 3-fold
smaller decrease in BMI z-score.
Child E:
8-year-old girl

Child F:
8-year-old boy

Overweight (87 %ile)
229 days
+6.0 kg (34.4 to 40.4)
+6.7 cm (134.6 to 141.4)
+1.2 (18.9 to 20.2)
+0.18 (1.13 to 1.31)

Very obese (99.2 %ile)
238 days
+6.3 kg (48.6 to 54.9)
+5.3 cm (136.7 to 142.0)
+1.2 (26.0 to 27.2)
-0.01 (2.43 to 2.42)

th

Time between measures
Weight change
Height change
BMI change
z-score change

th

Both children have an increase in BMI that is greater than typical for children this age.
Child E shows a substantial increase in BMI z-score, but Child F (who started out in the
far right tail of the BMI distribution) has nearly no change in BMI z-score, despite
gaining about 14 pounds over 8 months.
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Appendix 3.C. Results of analyses of within-subject standard deviations (SD) of
baseline/final BMI and BMI z-score measurements among subjects with at least 200 days
between measurements (n=63)
SDs of BMI z-scores were:

SDs of BMI were:



Higher (borderline significant) in
overweight v. obese children (0.36 v.
0.26), p = 0.056 for independentsamples t-test



Not significantly different in
overweight vs. obese children (0.77 v.
0.77), p = 0.94 for independent-samples
t-test



Significantly correlated with baseline
BMI z-score (Pearson’s r=-0.392,
p=0.002)



Not significantly correlated with
baseline BMI z-score (Pearson’s r=0.039, p=0.76)

Appendix 3.D. Pre/post changes in waist-to-height ratio, perceived athletic competence,
and global self-worth
Baseline
Final
p-value
BMI-z score
1.98 (0.42)
1.93 (0.47)
0.001
a
Waist-to-height ratio
0.597 (0.059) 0.592 (0.059)
0.02
Perceived athletic competenceb
2.72 (0.62)
2.73 (0.70)
0.86
b
Global self-worth
3.12 (0.63)
3.11 (0.67)
0.84
p-values are for paired t-tests
a
Interpretation note: a cutoff of 0.5 is commonly used as a cut-point for central obesity
b
Based on domain-level questions from the Harter Self-Perception Profile for Children;
range: 1-4, with higher scores indicating higher esteem
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