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Abstract

Purpose—This study tested whether participation in organized physical activity (active vs.
inactive) or weight status (normal weight vs. overweight or obese) independently relate to
hildren’s cognition, using a matched-pairs design.

Design and Methods—Normal weight, active children (8-11 yrs, 5'"-75! percentile BMI)
were recruited from extracurricular physical activity programs while normal weight inactive (51—
75! percentile BMI) and overweight inactive children (BMI =85th percentile) were recruited from
local Augusta, Georgia area schools. Measures included the Cognitive Assessment System,
anthropometrics, and parent- and self-report of physical activity. Paired t-tests compared cognition
scores between matched groups of normal weight active vs. normal weight inactive (N=24 pairs),
normal weight inactive vs. overweight inactive (N=21 pairs), and normal weight active vs.
overweight inactive children (N=16 pairs). Children in each comparison were matched for race,
gender, age, and socioeconomic status.

Results—Normal weight active children had higher Planning (M£SD=109+11 vs. 100+11, p=.
011) and Attention scores (108+11 vs. 100+£11, p=013) than overweight inactive children. Normal
weight inactive children had higher Attention scores than overweight inactive children (10513
vs. 93+£12, p=008). When compared to normal weight inactive children, normal weight active
children had higher Planning (11310 vs. 102+13, p=008) and marginally higher Attention scores
(111411 vs. 104412, p=06).

Conclusion—Findings suggest independent associations of children’s weight status with
selective attention, and physical activity with higher-order processes of executive function.
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Introduction

The increase in childhood overweight and obesity over the past several decades has fueled
concern about the relationship between children’s physical and mental health (65). There is
widespread concern that the entrenched environmental changes underlying the obesity
epidemic are impairing not only the physical health of our youth, but also their cognition
and academic achievement (35). Despite many recent studies on this topic, it remains
unclear whether weight status and physical activity are independently related to children’s
cognition.

Fitness and children’s executive function and academic achievement

Numerous studies, including one in overweight children (17), have linked better fitness with
better cognition (6, 11, 23, 24, 68). Executive function appears to be the type of cognition
most closely linked with fitness and physical activity (12). Executive function is a broad
construct encompassing the higher order cognitive functions necessary for reasoning,
problem solving, planning, organization, and behavioral execution (66). Executive function
is crucial for academic achievement, relies on prefrontal cortex circuitry, and includes the
more specific but overlapping core elements of cognitive control, namely inhibition (e.g.,
selective attention), working memory, and cognitive flexibility (20). Physically fit children
have also been shown to have better academic achievement than their less-fit peers (72). The
pediatric literature supports a cross-sectional link of one component of executive function
(i.e. selective attention, also referred to as resistance to distraction) with aerobic fitness, and
this is often thought to be the mechanism conferring brain benefits from physical activity
(33).

Physical activity and cognition

The cross-sectional literature associating objectively measured physical activity with
children’s cognition is scant. To our knowledge, only two groups have examined the
association of accelerometry-measured physical activity with cognition in children (41, 67,
69, 70). A study in 224 children linked greater physical activity with improved reaction
time, but not other aspects of cognition (i.e., memory, executive function, sustained
attention) (67). In a small study by van der Niet and colleagues (N = 80), physical activity
volume, particularly that spent in moderate to vigorous physical activity, was associated
with better performance on higher-order executive functions (Tower of London), while no
association with a task thought to tap cognitive flexibility and/or working memory (Trail
Making Test) was detected (60, 70). A structural equation model by the same group in a
larger sample of children (N = 263) supported executive function as a mediator between
fitness and academic achievement (69).
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Trials of physical activity with cognitive outcomes

The case for physical activity improving children’s cognition is more robust, though trials
vary with regard to acute bouts or training programs, weight status and fitness level of
enrolled children, and cognitive outcomes (19, 34, 64, 71). Acute, single bouts of physical
activity have been shown in several randomized trials to benefit selective attention (71).
Two groups have conducted trials showing that aerobic exercise programs result in
improvements in executive function, compared to no intervention (19, 34). The first of these
trials randomized 222 inactive, overweight or obese 7-11 year olds, characterized by poor
aerobic fitness, to either a control condition or a low dose (20 min) or high dose (40 min)
daily vigorous activity program (19). Psychometric outcome measures demonstrated linear
dose-response effects of greater time in vigorous activity benefiting higher-order executive
function and math achievement. The other trial, in a similar number of children (7-9 years
old) with a healthy average fitness level, utilized laboratory tasks of core executive function,
which showed a benefit of the physical activity program on cognitive flexibility (34).

Physical activity is distinct from fitness

Habitual physical activity and physical fitness should not be conflated. Physical activity is
behavior (movement of skeletal muscle that results in energy expenditure). In contrast,
physical fitness is an adaptive state of the human body in response to physical activity (7),
which also increases with growth in children (50). Physical activity has only small
associations with children’s physical fitness (1, 40). Despite this distinction, fitness is often
used as a proxy for physical activity, and interpreted as demonstrating effects of physical
activity (e.g., 36). However, cross-sectional associations with fitness do not necessarily
correspond to effects of increased physical activity in an experiment (17). Independent of
physical activity, constitutional or other factors may explain the association of fitness with
cognitive ability. Baseline aerobic fitness and improved fitness with training are each highly
variable and substantially genetically influenced (2, 3). In children, growth is a major
influence on physical capacity (50). Improved fitness is a candidate mechanism for the
benefit of physical activity on cognition. However, among experimental studies that
demonstrate benefits of physical activity on brain and cognitive function in children (10, 19,
34, 43, 44, 62), none showed a direct link between improved fitness and better cognition. A
meta-analysis found no support for aerobic fitness mediating the effect of physical activity
on cognition (23) and a study that tested this link in children did not confirm it (14).

Weight status and cognition

Childhood overweight and high adiposity have been associated with poorer cognitive
function and poor academic achievement, compared to children with lower adiposity or BMI
(17, 37-39, 49). The largest of these studies (N = 2,519) found greater risk of poor
performance on a single psychometric subtest of visuospatial organization (block design)
among overweight (odds ratio = 2.0) or obese (odds ratio = 2.8) children and adolescents,
compared to normal weight peers, after adjusting for a wide variety of confounders; the
differences in working memory (digit span) and academic achievement did not survive
adjustment (49). Most other studies have focused on executive function (e.g., NoGo and
flanker tasks, and more complex psychometric tests) (17, 37-39). Weight status has been
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described as an easily measurable marker of physical activity (16), and fatness is strongly
related to physical activity (1, 54). Thus, the associations of overweight status and adiposity
with poorer cognition and academic achievement may instead reflect the benefits of physical
activity. One study matched obese and normal weight children on gender and fitness, and
found worse performance by the obese children on a flanker task (39). However, some
studies have obtained null results (31) or attributed such associations to confounders such as
physical activity, fitness or social factors (13, 16). Thus, it is unclear whether physical
activity and weight status are associated with cognition independently from one another.

This study utilized a matched-pairs design to investigate the independent relationships of
weight status and physical activity with children’s cognition. It was hypothesized that
normal weight active children would demonstrate superior executive function relative to
normal weight inactive and overweight or obese inactive children. Because the evidence is
stronger for fitness and physical activity than weight status or adiposity as determinants of
cognition, normal weight inactive children were expected to show similar performance to
overweight inactive children.

Methods

Participants

Forty-five normal weight children (24 active, 21 inactive) ranging from 7 to 11 years of age
(M =9.5 years, SD = 1.1; 56% female, 27% Black) were recruited via flyers distributed to
community sites. Children were eligible if they were normal weight (51 — 75! percentile
body mass index, BMI, for age and sex (55)), did not have a medical condition that would
affect study results or limit physical activity, and were not taking medication that would
affect study results (e.g. antipsychotics, stimulants). Normal weight children were classified
as active if they were recruited from local extracurricular physical activity programs,
including swimming, boxing, tennis, gymnastics, soccer, and dance programs, that met for
>1 hour per week (n = 21), with parent corroboration of their participation, or if they were
recruited by word of mouth, with parent report of being enrolled in an athletic program for
>1 hour per week (n = 3). Normal weight children recruited from other community sites
(e.g. schools, churches), whose parent reported that they took part in <1 hr/wk of organized
physical activity, were assigned to the inactive condition (Table 1).

Forty-five overweight, inactive children (aged 7-11; mean age = 9.5; SD= 1.0; 56% female,
27% Black) were also included in the study. These children were selected from a prior study
based on characteristics (i.e., race, sex, age, parental education, parental marital status) to
match the 45 normal weight children (17). In that study, Black or White children were
eligible if they were 8-11 yrs old, overweight (=85th percentile BMI), were not currently
participating in any organized physical activity program for more than one hour per week,
had no medical condition that would affect study results or limit physical activity (e.g.
orthopedic conditions), and attended a school that was included in the study.

Pediatr Exerc Sci. Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Davis et al. Page 5

Methods and Procedures

Children and parents completed written informed assent and consent. The study was
reviewed and approved by the Medical College of Georgia’s Institutional Review Board.
Children were offered a $20 gift card as an incentive for completing evaluations. Parents
reported their education level (high school or less, or at least some college) and marital
status (married or not), their child’s demographic information and health history, and the
level of their child’s participation in organized physical activity programs. All child
measures were obtained in our laboratories by trained research staff. Characteristics of the
sample are presented in Table 1.

Anthropometrics—Anthropometrics were measured at least twice until consistent
measures were obtained. Body weight (in light clothing) and height (without shoes) were
measured with an electronic scale (Detecto, Web City, MO) and stadiometer (Tanita,
Arlington Heights, IL) and converted to a BMI z-score for analysis (55). BMI percentiles are
presented in Table 1 for interpretability. Because weight status was an inclusion criterion for
the study, this was evaluated prior to enrollment.

Body composition and fithness—Whole-body dual energy x-ray absorptiometry (QDR
4500W, Hologic Inc., Bedford, MA) assessed percent body fat, which adjusts for body mass.
Resting heart rate was a proxy for aerobic fitness (56). Children rested for 10 minutes, and
then 5 measurements were taken with a Dinamap machine at 1 minute intervals, with the last
3 averaged.

Physical activity—Physical activity program leaders in the community were contacted to
recruit participating children. In addition, parents reported “all physical activity programs
this child is involved in,” including each type of activity, days per week, minutes per day,
and duration of participation. Hours per week were calculated and averaged across seasons.
For example, a child who participated in football for 10 hours per week during Fall, and no
other program during the rest of the year, was assigned a value of 2.5 hours per week.

To supplement their adult-verified participation in organized physical activity programs,
children reported the number of days over the past week they participated in bouts of
moderate (i.e., “On how many of the past 7 days did you participate in physical activity for
at least 30 minutes that did not make you sweat or breathe hard, such as fast walking, slow
bicycling, skating, pushing a lawn mower, or mopping floors?”) and vigorous physical
activity (i.e., “On how many of the past 7 days did you exercise or participate in physical
activity for at least 20 minutes that made you sweat and breathe hard, such as bicycling, fast
dancing, or similar aerobic activities?”)(4, 5, 9).

Cognition—Children’s cognitive performance was assessed via the Cognitive Assessment
System (CAS) (52), with scoring via software designed by the test creators (CAS Rapid
Score 1.0, 51) reported in Standard Scores (normative mean of 100 and standard deviation
of 15). The CAS has demonstrated excellent validity and reliability, and is standardized by
gender and age on a large representative sample of 5 to 17 year old U.S. children stratified
for gender, ethnicity and race, parental education, classroom placement, region, and
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community setting (52). Each of four scales is comprised of three subtests. The Planning
scale assesses higher-order executive function processes (i.e., strategy generation and
application, self-regulation, intentionality, and utilization of knowledge; internal reliability r
=.88). The Attention scale subtests require focused, selective cognitive activity and
resistance to distraction (r = .88). The Simultaneous scale subtests involve spatial and
logical questions that contain nonverbal and verbal content (r = .93). The Successive scale
subtests require the analysis or recall of stimuli arranged in sequence and the formation of
sounds in order (r = .93). Full Scale is a global composite scale. Thus, it is considered a
valid measure of cognitive ability that in combination with a standardized achievement test,
can qualify a child for educational services to address a learning disability. The CAS was
implemented by a staff member with graduate-level training in Psychology. Cognitive
testing was typically done after school for both the normal-weight and overweight groups.

Statistical Methods—Data were analyzed with IBM SPSS Statistics 21 at an alpha level
of .05. Data were screened for violations of assumptions. Children in each group were
matched to peers in the comparison group (normal weight active vs. overweight inactive;
normal weight inactive vs. overweight inactive; normal weight active vs. normal weight
inactive) on race, sex, age, parental marital status, and parental education. Paired t-tests and
McNemar’s exact y2 tests were conducted to compare matched groups on demographic
characteristics to ensure group balance; on physical activity and health measures
(anthropometrics, fatness, and heart rate), to verify the intended contrast between groups;
and on cognitive scores to test hypotheses.

Descriptive statistics by group comparison are presented in Table 1. None of the children
were reported to have a learning problem such as attention-deficit disorder, or taking
medication for such a disorder.

Physically active normal weight vs. inactive overweight children

Twenty-four physically active, normal weight children were matched identically to
overweight, inactive children on race, gender, and parental marital status, and as closely as
possible on age and parental education. Therefore, weight status and activity level were
isolated as the primary differences between groups. The groups did not differ on age (p = .
86) or parental education (p = .45). As expected, the active normal weight children had
lower BMI z scores and adiposity (p < .001 for both), a lower resting heart rate (p = .045),
more self-reported vigorous physical activity (p < .001), and greater parent-reported
participation in physical activity programs (p <.01) than overweight inactive children. The
active normal weight children had higher scores than inactive overweight children on CAS
Planning (mean difference = 9.3 £ 16; t(23) = 2.8, p = .01) and Attention scales (mean
difference = 7.7 + 14; t(23) = 2.7, p = .01). The groups did not differ on Simultaneous,
Successive, or Full Scale scores. CAS scores by group comparison are presented in Table 1
and Figure 1.
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Inactive normal weight vs. inactive overweight children

Twenty-one inactive, normal weight children were matched identically to overweight
inactive children on race, gender, parental marital status and education, and as closely as
possible on age. Therefore, weight status was isolated as the primary difference between
groups. The groups did not differ on age (p = .59). As expected, the normal weight children
had lower BMI z scores and adiposity (p < .001 for both), with similar resting heart rate and
self-reported vigorous physical activity compared to their overweight peers. Children in the
inactive normal weight group had higher CAS Attention scores (mean difference = 13 * 20;
t(20) = 3.0, p = .008), and marginally higher Full Scale scores (mean difference = 8 + 20;
t(20) = 1.9, p = .079) than inactive overweight children. The groups did not differ on the
Planning, Simultaneous or Successive scales.

Active normal weight vs. inactive normal weight children

Sixteen physically active normal weight children were matched identically to inactive
normal weight children on race, gender and parental education level, and as closely as
possible on age and parent marital status. Therefore, activity level was isolated as the
primary difference between groups. The active group was slightly older, though this did not
reach statistical significance (mean difference = 0.5 + 1.0 year; t(15) = 1.9, p = .082). The
groups did not differ on parental marital status (p > .99). As expected, the active group had a
lower resting heart rate than the inactive children (mean difference = 9.5 + 11 bpm, t(15) =
3.6, p =.003). The active children had similar BMI z-scores (p = .39) and marginally lower
adiposity (mean difference = 2.7 £ 5.0%, t(15) = 2.1, p = .050) compared to their inactive
peers. While the active group reported more days with bouts of vigorous physical activity
compared to their inactive peers, this was not a significant difference (mean difference = 0.9
+ 2.7 days/week, t(15) = 1.3, p = .21). Parents of active children reported significantly
greater participation by the child in structured physical activity programs than did parents of
the inactive group (mean difference = 2.6 + 1.1 hours/week, t(11) = 2.4, p = .037), all but
one of whom reported zero hours/week in physical activity programs. The active children
had higher CAS Planning scores than the inactive children (mean difference = 11 + 14; t(15)
= 3.0, p =.008) and marginally higher Attention scores (7.0 £ 13; t(15) = 2.1, p = .056). The
groups did not differ on CAS Simultaneous, Successive, or Full Scale scores.

Discussion

This study compared children on participation in organized physical activity programs
(active vs inactive) and on weight status (normal weight vs overweight or obese), after
matching to reduce bias from demographic factors. Organized physical activity and weight
status were each independently associated with distinct aspects of cognition. Active, normal
weight children demonstrated a substantial cognitive advantage over their inactive peers
(whether normal weight or overweight) on 2 of 4 cognitive scales which tap executive
function (not memory or gestalt processing). A more specific contrast isolating physical
activity revealed an independent association of higher-order executive function (CAS
Planning) with physical activity. Thus, participation in extracurricular physical activity
programs was associated with cognitive advantage, independent of weight status and
potential confounders (i.e., age, race, gender, parent education, and parent marital status).
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In a complementary comparison, weight status was contrasted in matched groups of inactive
children. This revealed a selective and substantial cognitive advantage for the normal weight
group on selective attention (i.e., the Attention scale of the CAS), with no difference on
Planning, a measure designed to tap higher-order aspects of executive function. Thus normal
weight status was independently linked with less distractibility, but not higher-order
executive function, when compared to overweight children at a similar low level of physical
activity participation and fitness. Thus, both physical activity and weight status showed
large, consistent, and mutually independent relationships with aspects of cognitive function
in these children.

As mentioned earlier, overweight status has been described as an easily measurable marker
of inactivity (16). Thus, the link between overweight and poorer cognition in the non-
experimental literature may in fact reflect the benefits of habitual physical activity.
Statistical control to address such confounding has been used in this literature, but have not
answered this question, due to reliance on fitness as a proxy for physical activity (13, 16, 37,
58). A correlational study associated greater adiposity with worse inhibition (NoGo task),
independent of fitness level (37); however, physical activity was not assessed. Another
cross-sectional study tested independent associations of adiposity and fitness with cognition
in children (58). That study found that adiposity was independently associated with
cognitive flexibility, and fitness with both inhibition and cognitive flexibility; however,
physical activity was not measured.

The current study results show that weight status was separable from physical activity in its
association with cognition. This study used a different, more reliable type of cognitive
measurement (a reliable standardized psychometric test made up of several subtests tapping
common functions, vs. individual laboratory tasks), and made novel comparisons --
adiposity vs. weight status, and fitness vs. physical activity. In contrast to the current
findings, the modeling study did not confirm an association of adiposity with selective
attention (flanker task), whereas the current study linked overweight status with greater
distractibility (58). This may be due to greater sensitivity in this study owing to greater
contrast between weight status and physical activity groups. The current study used a design
approach rather than statistical adjustment to better examine closely related factors
separately and more effectively eliminate potential confounders (63).

The association of the Attention scale with body fat and physical activity is consistent with
previous work in children (11, 37) but inconsistent with a randomized controlled trial of
physical training, where a 3 mo aerobic exercise intervention in overweight inactive children
selectively improved executive function; that is, benefit was shown on the Planning scale,
but not the Attention scale of the CAS (19). It is possible but not yet demonstrated that
normal weight children who undergo an exercise program would show improvement on the
CAS Attention scale. Another randomized controlled trial of physical activity in children
used the Stroop Color and Word Test; however the final experimental result have not been
reported (8, 26). Other reports from the same trial reported no differential effect of exercise
vs control condition on flanker and go/no-go task performance, but significant exercise
benefits on a different color-shape switch task (10, 22, 34). The CAS Attention scale
includes a similar switching task, which most theorists consider a measure of cognitive
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flexibility, a core executive function (20, 48). However, the neo-Lurian conceptualization of
the CAS, a more psychometrically robust measure than single neuropsychological tasks,
considers the Attention scale a reflection of brainstem function (i.e., alertness) rather than
prefrontal cortex circuitry (15). Increased alertness due to sympathetic activation explains
some of the cognitive benefits induced by acute bouts of physical activity (45). The precise
definition of executive function remains a topic of debate, and the evidence for cognitive
benefits of aerobic training in children is still limited (71).

While aerobic fitness is an obvious candidate mechanism between children’s physical
activity and cognitive ability or academic achievement, there is little support for this
hypothesis. A meta-analysis of studies on this question did not support fitness as a mediator
of the effect of physical activity on cognition (23); neither did the only study that reported
testing this hypothesis in children (14). Rather, the animal literature suggests a direct effect
of physical activity stimulating neuro- and angiogenesis through growth factors such as
brain-derived neurotrophic factor (BDNF) (33). However, only one study has found
evidence of changes in BDNF mediating improved cognition due to exercise training, and
that only in the septuagenarian subset of older adults studied (46). Interestingly, BDNF is
also linked with regulation of body weight. Like insulin and leptin, BDNF is both a
neurotrophic factor and a regulator of energy homeostasis, as shown in human and animal
work (28, 32, 47). Obese individuals have higher BDNF levels, perhaps as a result of
positive energy balance (excess caloric intake), or in relation to fat mass (28, 57, 61).
Another possible mechanism recently demonstrated in the animal literature includes obesity-
induced inflammation hindering brain function; inflammation was induced by surgical fat
implantation, and blunted by exercise (21). Another possible mechanism or mediator is
sleep. Sleep disturbances associated with obesity are linked with a cognitive disadvantage
similar in severity to those observed in this study (10 points on an IQ scale) (42), and
aerobic training has been shown to improve sleep-disordered breathing (i.e. snoring) in
overweight children (18). These mechanisms were not examined in this study, however.

This study adds to the existing literature by comparing weight status vs physical activity
associations with children’s cognition, with matching on potential confounders and isolation
of physical activity and weight status, thus demonstrating truly independent relationships
with these distinct factors. This study controls these factors more effectively by design than
previous work using statistical adjustment to try to isolate independent associations (58). In
the current study, groups were matched by race, and overweight (mostly obese) status was
linked with dramatically greater adiposity. This is important given population differences in
lean mass that cause Blacks to be more likely to be classified as overweight despite normal
levels of adiposity (25). Objective verification of participation by organized physical activity
program staff (for 88% of the active children) is a strong behavioral measurement of
physical activity. Age-appropriate physical activity self-reports and state of the art measures
of adiposity and cognition were employed in this study. The Cognitive Assessment System
is especially advantageous as it has been shown to be reliable and stable across populations
and generates a comprehensive battery of scores specific to distinct aspects of cognitive
functioning, enabling the identification of selective associations for physical activity and
weight status with cognition (53).
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The present study also has a few limitations that warrant mention. Active overweight
children were not studied here; this group is important to include in future studies.
Examiners were not blinded to group assignment, and different recruitment strategies were
used for the overweight inactive and normal weight children who may have attended
different schools. However, children were matched closely on relevant demographic
characteristics and were from the same community. While children were not matched by
school, we assessed whether the local school system they were enrolled in, which differ in
quality (4, 5t and 7' decile of students nationally, (29, 30)), differed by group. The only
imbalance was in the normal-weight active vs. overweight inactive comparison, favoring the
overweight children with more enrolled in the better school system than the normal-weight
children (p = .02, data not shown). This is in the opposite direction to our findings; thus we
do not believe this can account for our results. School system representation was otherwise
comparable across groups (p = .65, .72 in chi square analyses), mostly drawing from low-
income schools with free or reduced cost meals. Normal weight active children were mainly
recruited from extracurricular physical activity programs, and normal weight inactive
children were recruited from other sources. In fact, only one parent of a normal weight
inactive child in this study reported any physical activity program participation by their
child. While there was no objective quantification of the precise amount of physical activity
(e.g., accelerometry), the groups were clearly distinct on this factor based on objective
verification of program participation with parental confirmation, supplemented by child self-
report of physical activity. Although resting heart rate is only a proxy for physical fitness,
differences in resting heart rate between active and inactive groups further confirm that the
contrast of physically active vs. inactive peers was achieved. A future study might match
children in triples or quadruples, rather than pairs, to enable use of a correlated samples
ANOVA with an omnibus significance test to reduce risk of type 1 error in pairwise
comparisons.

The structured extracurricular athletic programs (e.g., yoga, golf, tennis, soccer, gymnastics,
etc.) normal weight active children in the current study were recruited from each include use
of goals, rules, and strategies, interaction with prosocial staff and peers, and a variety of
other benefits associated with quality after-school programs, whether active or inactive (59).
This raises the possibility that the cognitive advantage of this group over inactive peers
independent of weight status may be due to non-movement qualities of the extracurricular
physical activity programs. This potential confounding of physical activity benefits with
programmatic benefits is ubiquitous in the children’s physical activity and mental health
literature and makes it difficult to identify whether the mechanism of impact is
neurobiological benefits of movement per se, cognitive challenges inherent to the physical
activity (e.g., predicting trajectory of balls in the air, anticipating opponents’ strategy, motor
sequencing), or whether they are attributable to other aspects of quality after school
programs.

Conclusions

Regular physical activity may be necessary for children to function at their full potential.
This may be particularly important for overweight or poorly fit children who are therefore at
a disadvantage. Brain changes consistent with improved neural function have been
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demonstrated in normal weight and overweight children in response to physical activity
programs (19, 34, 43, 44, 62). The current study moves the literature on physical health and
cognition forward by utilizing a matched-pairs design to address a heretofore unanswered
question in the literature. Findings show independent associations of physical activity and
weight status on executive function in children (weight status with selective attention, and
physical activity with higher-order planning processes). This supports the priority to act to
stem the unwavering epidemic of obesity in children. Modest changes in weight trajectory
(not necessarily weight loss) are enough to bring elementary school-age children back into
normal weight status, which may have important benefits independent of physical activity
(27).
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