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Abstract
This study tested the effect of a structured aerobic exercise program on anger expression in healthy
overweight children. Overweight, sedentary children were randomly assigned to an aerobic exercise
program or a no-exercise control condition. All children completed the Pediatric Anger Expression
Scale at baseline and posttest. Anger Out and Anger Expression scores were lower for the exercise
condition at posttest. Fitness improvements contributed significantly to final models, and points
earned for adherence correlated negatively with posttest Anger Out. An aerobic exercise program
might be an effective strategy to reduce anger expression, including reduction of aggressive behavior,
in overweight children.

The number of overweight children in the U.S. is at a record high (29) and these children are
more likely than their non-overweight peers to have behavior problems (25). Overweight
adolescents are also more likely to be bullies and to be bullied (20), and a handful of studies
suggest a positive relationship between overweight status and anger expression (21,26).

Psychological states such as anger and hostility have the potential to adversely affect physical
health in childhood and adulthood. Anger, defined as the emotional aspect of hostility, has
been shown to increase the risk of cardiovascular disease in adults (12). Adolescents who were
more hostile were more likely to have metabolic syndrome 3 years later (32). Behaviorally,
anger emotionality in 5 year old children has been shown to be predictive of externalizing
problem behaviors at home at age 6 1/2, and at school at age 8 (33). In adolescents, high levels
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of anger and impulsivity were associated with high levels of delinquency (7). Thus, anger has
been linked with both health outcomes and behavioral competence.

There is some literature suggesting a link between anger, physical exercise, and fitness.
Physical activity has been shown to improve anxiety and depression in adults (10), adolescents
(4), and children (31). Exercise is a component of some anger management treatments (23).
An intervention study in adolescents suggested a possible benefit of vigorous exercise on
hostility (28). Two studies have reported a relationship of anger with physical fitness level.
Stewart et al. highlighted a significant correlation between higher levels of aerobic fitness and
desirable scores on an anger survey in adults (35). In a sample of healthy middle aged women,
anger scores predicted adverse laboratory values (high cholesterol, triglyceride, and glucose
levels), but only for those who were physically unfit (34). Thus, it is possible that exercise can
reduce anger and buffer its physical consequences.

We examined whether an exercise intervention designed to decrease cardiovascular risk would
reduce anger expression. Given the association of obesity with behavior problems,
interventions that effectively address both issues may be particularly useful during the current
childhood obesity epidemic. No published studies report effects of an exercise intervention on
children's anger expression. This experiment tested the effects of such a program on anger
expression in overweight, sedentary children. We hypothesized that children assigned to the
exercise group would show improved scores on an anger self-report measure in comparison to
a non-exercise control group.

Method
Participants

Two hundred and eight overweight, sedentary children (aged 7-11; mean age = 9.7; SD= 1.1;
57% female; 59% African American) who completed the Pediatric Anger Expression Scale
(PAES) (19) at baseline and after an exercise intervention were included in the study. Children
were recruited from public elementary schools (2003 - 2006). Healthy black or white children
were eligible if they were 7-11 yrs old, overweight (≥85th percentile body mass index, BMI),
were not currently participating in a regular 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. This study
was conducted as part of a larger project examining the effect of exercise on metabolism.
Children from whom we were unable to collect blood samples were excluded from the parent
study. Study subjects were recruited and intervened upon in 6 cohorts to provide a larger sample
size than could be evaluated at one time. Two to three subjects per day completed baseline and
posttest measures. Intervention cycles took place from November 2003 through December
2006, for 10-15 weeks each.

Procedure
All children and parents completed the informed consent/assent process. The study was
reviewed and approved by the Human Assurance Committee (Institutional Review Board).
Children were offered incentives of a savings bond worth $50 (face value at maturity $100)
for baseline and a savings bond worth $200 (face value at maturity $400) at posttest for
completing an 8-hour day of testing procedures including those reported here.

After baseline testing was complete, a statistician assigned the experimental condition via a
computer-generated randomization sequence balanced by race and gender. The study
coordinator enrolled participants and shared their randomization status with them. Children
were randomly assigned to one of three groups: a no-exercise control condition (n = 69), low
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dose exercise condition (20 min/d, n = 69) or high dose exercise condition (40 min/d, n = 70).
The low and high dose exercise groups were transported daily to and from the gymnasium
together, and spent an equal amount of time in the program each day. Children assigned to the
control condition were not provided any after-school program or transportation but were asked
to continue their usual activities.

Measures
Parents provided information on the child's ethnicity, gender, birth date, medical history, and
whether the child was enrolled in any regular physical activity program. Parents also provided
information regarding their education level and marital status. Body weight (in shorts and t-
shirt) 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 (SAS
code available from Centers for Disease Control). BMI z-score reflects the number of standard
deviations above or below the average value for a child's age and sex based on the current
childhood norms (30). Pediatricians conducted physical examinations on all subjects at
baseline and assessed pubertal development using Tanner scales.

Anger Expression—The Pediatric Anger Expression Scale (PAES) (19) was completed by
all children at baseline and posttest. The construct of anger is considered to be
multidimensional, and is usually separated into independent components such as overtly
expressed anger, anger turned inward, and anger controlled (13). The PAES is a 15-item self-
report inventory, which yields 3 factor analytically derived scales (Anger In, Anger Out, Anger
Control; score range 5 - 15 for each scale) and an overall Anger Expression score. Cronbach's
alpha coefficients were reported: Anger In = 0.77; Anger Out = 0.77; Anger Control = 0.67;
and Anger Expression = 0.60 (19). An independent study showed acceptable psychometric
properties of the PAES (internal consistency and temporal stability) and principal component
structures that were comparable to the scale authors' findings (27). The Anger In style (e.g. I'm
afraid to show my anger, I hide my anger) is indicative of holding in and possibly denying
anger. The Anger Out style is anger openly expressed (e.g. I show my anger, lose my temper,
slam doors, hit someone), potentially including hostile and aggressive behavior. Anger Control
is a more cognitive and less impulsive approach to dealing with anger (e.g. I keep my cool, I
control my temper), where an attempt is made to resolve the conflict or frustration. The overall
Anger Expression score is calculated with the following formula: (Anger In + Anger Out) -
Anger Control.

Aerobic Fitness—Fitness was measured with a graded treadmill test at baseline and posttest
(Modified Balke Protocol for Poorly Fit Children; American College of Sports Medicine, 2000)
preceded by a warm-up (2 min at 2.5 mph, 0% grade; 2 min at 3.0 mph, 3.0% grade). The test
was done on a Monark treadmill. Children were encouraged to walk as long as they could.
Instructors stopped the test when children signaled they could not continue, when children had
reached maximum according to the standard criteria, or for safety reasons. The indicator of
aerobic fitness was the duration of each child's treadmill test (treadmill time, sec) (11).

Percent Body Fat—To measure body fat, dual energy x-ray absorptiometry (QDR 4500W,
Hologic Inc., Bedford, MA) segments the body into fat, bone, and fat free soft tissue. Children
were scanned at baseline and again at posttest. Percent body fat adjusts for body mass.

Intervention
After-school exercise program—The children assigned to the intervention were provided
free transportation via school bus to our research gymnasium, and then home or to a
neighborhood school after the exercise classes ended each day. The exercise sessions were
held on school day afternoons in the research gymnasium and were instructed by trained
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research staff. The emphasis was on intensity, enjoyment and safety, not competition nor the
enhancement of skills; therefore, activities were selected based on ease of comprehension, fun,
and ability to elicit a heart rate (HR) greater than 150 bpm. Examples of these activities include
running games, jump rope, basketball, and soccer (16). Children remained at our laboratories
for approximately 75 min each day due to time required for changing, water breaks, etc. In the
high dose group, two 20 min bouts of intermittent vigorous exercise were done in a fashion
consistent with guidelines for children, in short bursts of intense physical activity interspersed
with lower intensity activity (recovery) (2,8). The two exercise groups exercised in the same
gymnasium. After the first 20 min bout, the low dose group was escorted to a separate room
where they engaged in supervised sedentary activities, while the high dose group completed a
second 20 min bout. The children assigned to the exercise programs received 12.8 ± 1.6 weeks
of the exercise intervention between baseline and posttest. Children's average attendance was
85% ± 13% of available days between baseline and posttest. Average HR during the classes
was 165 ± 8 bpm. There was one serious adverse event (a fracture). Intervention duration,
attendance, and HR were similar in low and high dose conditions (p > .05).

Behavioral Structure—Polar HR monitors (S610i; Polar Electro, Oy, Finaland) were used
to monitor intensity and incentivize adherence to the exercise dose. Participants who
demonstrated good behavior, attended at least 4 days/week, and had an average HR ≥ 150
earned points and chose weekly from prize boxes. The first day of the after-school exercise
program was spent reviewing the handbook. Expectations included courtesy, following
directions, participation in all activities, and proper use of equipment. Foul language, bullying
and fighting were not permitted. If participants misbehaved, consequences ranged from a loss
of points for the day, to suspension from exercise sessions or expulsion from the program.
Progress reports for each child were provided to parents monthly.

Statistical methods
All data were screened for violations of normality. Because no dose-response effects were
found for any of the anger sub-scales, the 20 and 40 minute exercise groups were collapsed.
T-tests were used to check baseline group differences on demographic makeup (age, race,
gender, parental marital status, and parental education), and also on pubertal stage, body
composition and fitness measures, and PAES scales. Correlations were computed between
these baseline characteristics, intervention duration, fitness and fatness measures, and PAES
scales. To test contributions of group assignment, body fat and physical fitness to posttest anger
scores in intent-to-treat analyses, hierarchical multiple regression models were utilized. The
same model was used for each of the four scales of the PAES (Anger In, Anger Out, Anger
Control, and Anger Expression), with predictor variables entered as follows: demographics,
cohort and pubertal stage in step 1, baseline anger scores in step 2, group and interactions with
group (race, race × gender, marital status, educational level, age, pubertal stage, baseline
percent body fat, and baseline fitness) in step 3, percent body fat change (from baseline to
posttest) in step 4, and treadmill time change in step 5. Non-significant interactions were
dropped from the final models. To explore possible contributions of the behavioral protocol
of the intervention to changes in anger, partial correlations between intervention points and
anger scores at posttest, adjusting for all covariates, were examined. Statistical analyses were
performed using SPSS 15.0, and statistical significance was assessed using an alpha level of .
05.

Results
Baseline and posttest PAES data were obtained from 208 children (mean age 9.4; 59% black;
58% female), and were similar to available normative means (19,27). At baseline, no significant
differences were detected between experimental conditions for demographics, pubertal stage,
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body composition, fitness, or anger scales. Race, gender, socioeconomic status, age, and
pubertal stage of the sample may be viewed in Table 1, along with baseline, posttest, and change
scores for the body composition, fitness, and anger measures. There were two significant
correlations with pubertal stage, Anger Expression (r = -.19) and BMI z-score (r = .14).
Remaining comparisons yielded no significant associations (each |r| < 0.12). T-tests revealed
a significant gender difference for the Anger Expression scale at baseline, with boys having
higher values than girls (m ± SD; 7.9 ± 3.2 vs. 6.9 ± 3.5; t(219) = 2.15, p = .03).

A significant effect of exercise on the Anger Out and Anger Expression scales was detected,
with children in the exercise group having lower posttest scores than those in the control
condition (adjusted posttest means presented in Figure 1). Regression analyses revealed that
along with group and baseline anger score, fitness (i.e., treadmill time) change was also a
significant predictor of posttest Anger Out, such that greater improvements in fitness were
associated with greater reductions in Anger Out. The effect of group remained significant at
steps 4 and 5. Race, gender, marital status, education level, cohort, age, pubertal stage, and
change in body fat did not make significant contributions to either model. There were no
significant interaction effects in any of the 4 anger scale models. Hierarchical regression models
for the Anger Out and Anger Expression scales can be viewed in Table 2. Aside from baseline
anger scores, no significant predictors were found for Anger In or Anger Control models.

Correlations between intervention points and posttest anger scores were calculated with all
covariates partialled out. A significant negative partial correlation was found for the Anger
Out scale, r(128) = -.21, p = .016.

Discussion
The results of this study suggest that an after-school aerobic exercise program may reduce or
prevent the increase in anger expression among overweight, sedentary children. This is the first
study testing the effect of an exercise program on anger in school-aged children. Children
assigned to the exercise classes showed decreases at posttest for the Anger Out scale compared
to controls, who increased. There was a significant finding on the summary Anger Expression
scale, which is attributable to the Anger Out effect. There were no significant changes on the
two remaining scales, Anger In and Anger Control. No moderation by race, gender,
socioeconomic status, age, pubertal stage, fatness or fitness was observed, indicating
generalizability of these results to overweight children. These experimental results extend the
growing body of literature showing the beneficial effects of exercise on emotional states in
adults, adolescents, and children (4,10,31). Effectively reducing anger could be valuable given
the extensive literature highlighting the association of anger with cardiovascular events (12).
Thus, anger reduction due to exercise may be partly responsible for the cardiovascular benefits
of a healthy lifestyle.

Improved fitness, a direct result of the exercise program, was significantly related to lower
posttest Anger Out scores. Anger is associated with increased prefrontal lobe activity (17), and
previous cross-sectional work has related fitness to improved executive function in children
and adults (6,18), and reduced anger in adults (35). The prefrontal cortex is the locus of
executive function, including inhibition and self-control (24). Emotions are generated,
integrated with other information, and restrained by the prefrontal cortex (22). Exercise training
has been shown to improve executive function in older adults (6), and an improvement in
executive function due to exercise has been observed in this sample of overweight children
(9). Thus, improvement in executive functioning due to exercise may explain these findings.

While not measured in this study, serotonin has a known association with both exercise and
anger expression. In human adults, aggression has been shown to correlate negatively with
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central nervous system serotonergic activity (5). In rats, exercise has been shown to buffer
stress by altering serotonin and norepinephrine brain systems (14). The human prefrontal cortex
has a high density of serotonin receptors (3), so this may account for the reduced anger scores
observed in the exercise condition.

The reduction in percent body fat, a direct result of the exercise intervention, did not make a
significant contribution in explaining reductions in anger scores. The lack of an association
may partly be explained by the restriction of range in the sample, which was limited to
overweight children. Although children assigned to the exercise condition did lose a
statistically significant amount of body fat in comparison to controls (-1.5% vs. -0.3%), all
subjects remained overweight at the completion of the intervention. Cross-sectional association
of anger with fatness in other studies (21,26) may be due to fatness acting as an easily
measurable marker for inactivity, which may be the underlying cause of mood disturbance.

The significant correlation between points children earned in the intervention and posttest
Anger Out scores indicates the contribution of the behavioral protocol to the present finding.
Behavioral interventions, most notably cognitive-behavioral therapy, have been successful in
reducing anger and aggression in children (36). The present intervention was based on the
operant principles of a token economy, which can improve behavior in children (1). Aggressive
behaviors such as hitting and pushing were punished if demonstrated in the exercise class, so
the intervention was intentionally reinforcing a healthier mode of anger expression, as well as
vigorous activity. Therefore, the observed changes in self-reported anger expression may be a
result of the structured behavioral protocol used in the exercise classes. Future studies
comparing an exercise program to a non-exercise attention control condition are needed to
isolate the effects of exercise in children.

Demand characteristics are a possible confound in the present study. First, children were not
blinded to experimental condition. The children in the exercise classes had more contact with
investigators, and they may have been more eager than controls to please the staff. Attention
from staff every day and other aspects of an after-school program could have resulted in a
behavior change. Inclusion of an attention control condition could rule out these explanations.
Also, anger data was collected using a self -report questionnaire, and some investigators
suggest that collecting data about mood in children may best be accomplished by observer
ratings in naturalistic settings such as in school or at play (15). Finally, the PAES was normed
with a 9-13 year old sample (19) and despite observing similar scores with the present study
sample, our age range is slightly lower (7-11 yrs.). It is possible that younger children may not
be cognizant of their usual mood state and may be reporting current mood or responding in a
desirable fashion. These possible effects were handled statistically by partialing out age in the
regression model.

While the anger scores at post were significantly lower in the exercise condition than control
condition, the posttest scores in the control condition were similar to the baseline scores in the
exercise condition. Therefore, these results must be interpreted cautiously. These findings in
a healthy, community sample may not generalize to children with clinically significant
behavior problems. However, the small but statistically significant reduction in anger scores
observed in this study might accumulate over a longer period of regular exercise activity to
make a meaningful difference in a child's likelihood of developing serious behavior problems.
Such a small improvement realized across a population of more active children could deliver
social benefits. If replicated, these findings may have important implications for children's
health and psychosocial adjustment.

The deleterious effects of outward hostility and aggression on cardiovascular health and
psychosocial adjustment, along with the value of current anger reduction strategies in children,
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make the results of the present study appealing. These results are also important in light of the
current childhood obesity epidemic. Exercise is inexpensive, simple, and promotes general
good health. Including a healthy dose of organized, vigorous physical activity in children's
daily lives may be beneficial not only for maintenance of appropriate weight and cardiovascular
health, but also for the development of appropriate social behavior.
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Figure 1.
Posttest means (SE) by condition for Pediatric Anger Expression Scale, adjusted for race,
gender, cohort, parental education, parental marital status, age, pubertal development, baseline
anger, and changes in fitness and body fat.
*Exercise condition significantly lower than control condition (p < .05)
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