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Summary
Objectives—The complex overlap between asthma and obesity may be explained in part by
activity avoidance in asthma. We compared responses to a walking intervention between matched
groups of children with and without asthma. We expected youth with asthma to have lower
baseline and post-intervention activity levels. Psychosocial, demographic, and physiologic
correlates of activity were also examined.

Design/Participants—We compared baseline and post-intervention activity levels among 59
children aged 10–16 with well-controlled asthma and 59 healthy matched controls. Participants
completed spirometry, physical examination, anthropometric measurement, and psychosocial
questionnaires.

Intervention/Outcome Measure—Participants wore blinded calibrated pedometers for a
baseline typical activity week, returning to complete the Wonders of Walking (WOW)
intervention, followed by a week of post-intervention pedometer monitoring.

Results—Contrary to expectation, no differences between cases (median steps = 6,348/day) and
controls (median steps = 6,825/day) in baseline activity were found. Response to the WOW
intervention was comparable, with both groups demonstrating an increase of approximately 1,485
steps per day (equivalent to more than 5 additional miles walked during the post-intervention
week). Health beliefs did not correlate to activity at baseline or intervention response. No
significant associations between activity and asthma control, FEV1, or duration of diagnosis were
found. Intervention response was comparable across racial/ethnic groups, children versus
adolescents, and between normal weight and overweight youth.

Conclusions—Contrary to expectation, we found similar rates of objectively measured physical
activity among youth with well-controlled asthma and controls. Importantly, we documented
statistically significant increases in physical activity across both groups following a brief,
pedometer-based intervention. The intervention was successful even among typically sedentary
groups, and represents an effective, safe, and inexpensive walking program.
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INTRODUCTION
Asthma and obesity have simultaneously become leading public health problems over the
past several decades, resulting in consideration of underlying factors linking these health
priorities.1 While debate exists, excess body weight appears associated with the
development of asthma across the lifespan2 and particularly among women.3,4 Moreover,
asthma appears to be a risk factor for the development of obesity,5 and weight loss improves
lung function, reduces active symptoms, and minimizes reliance on asthma medications.6
Research has examined a variety of potential mechanisms underlying the obesity and asthma
connection, including genetic links,1 environmental factors impeding physical activity,7 and
shared biological and atopic markers.8,9 Despite these efforts, clear pathways have yet to be
identified. More definitively, comorbid presentation of obesity and asthma complicates the
diagnosis, course, and treatment of both chronic conditions,8,10 emphasizing the importance
of preventing obesity and encouraging regular physical activity, particularly among those
with a preexisting diagnosis of asthma.

One potentially important, yet understudied mechanism linking asthma and obesity involves
sedentary lifestyle and physical activity avoidance. Children and adolescents have become
increasingly sedentary related to excessive television viewing, decreased physical education
in schools, and diminished reliance on walking for transportation.11–13 Additionally, safety
concerns are often cited as a reason for discouraging physical activity and outdoor play,14
and access to low-nutrient and high calorie foods and drinks are also implicated in the
development of obesity.15 Vigorous physical activity has become particularly rare among
youth, and has been shown to decline significantly during the transition to adolescence,
especially among girls.16,17 Nearly half of all children and adolescents do not participate in
any regular vigorous activity, with African-American females evidencing the lowest levels
of activity participation.18Youth with asthma, by virtue of activity-triggering
bronchospasm, may be at an even greater risk of adopting sedentary lifestyles and launching
the trajectory toward obesity at early ages, however, few studies have utilized objective
activity measurements and rigorous study designs to answer this question. One study
documented decreased physical activity among pre-schoolers with a history of wheezing,19
and another study reported lower levels of activity among youth with asthma versus a
control group.20,21 In contrast, another reported comparable levels of activity between
those with and without asthma,22 underscoring the need for further study. Little is known
about whether children with asthma require specialized exercise promotion interventions, or
whether they would benefit equally from generic public health interventions to encourage
more activity. The present study examined the effectiveness of a single-session activity
promotion intervention among children with asthma 10–16 years of age compared to a
control group. Additionally, psychosocial, demographic, and physiologic correlates of
activity were examined to help understand the factors that foster and hinder exercise among
youth with asthma.

MAIN RESEARCH QUESTIONS
The following questions were examined: (1) Do children with asthma have lower levels of
objectively measured physical activity compared to otherwise healthy controls at baseline?
(2) Will children with asthma demonstrate a smaller response to a brief, pedometer-based
activity intervention compared to controls? (3) What are the psychosocial, demographic, and
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physiologic correlates of activity? We hypothesized that youth with asthma would have
lower levels of baseline activity and a lower magnitude response to the intervention
compared to controls. Additionally, psychosocial correlates of activity, demographic
variables, markers of asthma control, and body mass index (BMI) were expected to correlate
to intervention response.

PARTICIPANTS AND METHODS
Design

A case–control intervention design compared objectively measured physical activity during
a baseline and intervention follow-up period among youth with well-controlled asthma and
an otherwise healthy matched cohort. The study received human subjects approval by the
National Jewish Medical and Research Center Institutional Review Board and the Colorado
Multiple Institutional Review Board.

Participants
Children and adolescents were recruited between December 2005 and July 2007 from urban
primary care clinics serving disadvantaged populations in Denver, Colorado and from a
database of previous research participants. Inclusion criteria included 10–16 years of age, no
chronic health conditions (other than asthma), and no physical challenges that could
interfere with movement. Inclusion for the asthma cohort included a physician diagnosis of
asthma of at least a year’s duration and one or more prescriptions for an asthma medication.
Exclusion criteria included FEV1 below 85% predicted, a chronic or acute health condition
interfering with activity (other than asthma), or poorly controlled asthma, which was defined
as a severe exacerbation marked by hospitalization, emergency room visit, and/or oral
steroid burst in the past 2 months. Asthma was ruled out in the control group by physical
examination, clinical history, and spirometry. Medications were not withheld prior to
spirometry. Case–control pairs were matched based on racial/ethnic background (Caucasian,
Hispanic or African-American), gender, and age ± 24 months. Attempts were made to
schedule visits for matched pairs within a 2-week window to minimize differences in
weather conditions.

As shown in Figure 1, a total of 336 families expressed an interest in participating in the
study, and 278 (82.7%) were reached for telephone screening. Of screened families, 183
(65.8%) were eligible. Reasons for ineligibility included a history of asthma not meeting
criteria (n = 10), a sibling enrolled in the study (n = 32), other illness (n = 22), inappropriate
age (n = 12), lack of English proficiency (n = 11), or lack of interest in the study (n = 8).
Matches were identified for 142 (77.6%) families, and matches were not found for 41
eligible participants (22.4%). Of those matched families, 24 (16.9%) did not complete the
study beyond the first visit due to ineligibility determination from low FEV1 results (n = 13)
or physical examination findings (n = 2), pedometer device failure or loss (n = 6), or no-
show at subsequent study visits (n = 3). No group differences in youth with and without
asthma were found in the number of children disqualified after their first study visit for any
reason. No significant differences were found between completers and non-completers for
income, age, gender, race/ethnicity, or BMI. The final complete data set included 59
matched pairs (N = 118) of youth with asthma and otherwise healthy matched counterparts.

Power and Sample Size
Based on a prior study,21 a sample size of approximately 60 subjects per group was required
to obtain 90% power (at the α = 0.05 level) to detect a between-group difference in daily
pedometer steps of 320 with an estimated standard deviation of 533.
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Measures
Physical activity measurements—Pedometers were selected based on their accuracy,
non-intrusive design, and cost-effectiveness.23,24 Pedometers have been used in research
studies with adults25 and children26 for their ability to provide immediate activity feedback,
and for their convergent27 and construct validity.28 The Omron Pedometer Model HJ-112®

was selected due its capacity to store and download seven to 30 days of activity data, to
measure movements other than steady forward walking, such as play-based behavior, and
the ability to detect and record compliance with pedometer monitoring. Pedometer data were
downloaded at visit 2 and visit 3 to generate baseline and post-intervention aggregate
activity levels.

Psychosocial correlates of activity measures—Participants completed a
Psychosocial Correlates of Physical Activity interview29,30 with strong psychometric
properties and extensive previous use in literature.30–32 One parent from each family and
the identified child were asked to respond to a set of items using Likert-type scales, with
interviews lasting approximately 45 min. A sample item included asking the youth to
respond to the following question along a five-point Likert-type scale of how much they
agree with the statement: “I can be physically active during my free time on most days.” A
parent and child psychosocial correlates composite score was generated to compile
responses across domains of health beliefs, activity attitudes, self-efficacy, and social
support for physical activity. Cronbach’s alphas for all measures ranged between 0.70 and
0.87 in the present study.

Demographic and Health Assessments
Parents completed a brief interview for basic demographic and health history information.
Physical examination was conducted on all participants to confirm eligibility. Asthma
control and severity were measured by spirometry (FEV1), and responses to the Asthma
Therapy Assessment Questionnaire (ATAQ).33 Asthma morbidity was measured by the
Rosier questionnaire.34 Height and weight were measured on calibrated equipment and BMI
calculations were made using the Center for Disease Control and Prevention (CDC)
National Center for Health Statistics year 2000 data (http://www.cdc.gov/nccdphp/dnpa/
growthcharts/resources/sas.htm). As recommended, BMI age- and sex-specific percentiles
were calculated using the above referenced program to take into consideration the variability
of growth parameters during child and adolescent development,35 and classified using
American Academy of Pediatrics categories, with values ≥95th percentile considered
“obese,” 85th–95th considered “overweight,”15 and <85th considered “normal weight.”

Procedures
Recruitment efforts were made in clinic waiting rooms and through mailings. After
telephone screenings, families attended a first study visit for informed consenting, physical
examination, spirometry, correlates of activity interview, and pedometer calibration. After
the first visit and confirmation of study eligibility, youth were given blinded pedometers and
instructed to participate in regular activities for a week. Week-long baseline and post-
intervention phases were selected based on research that 7 days is an optimal time span for
accomplishing reliability and capturing activity fluctuations.36

Intervention—After the baseline week, participants returned for the Wonders of Walking
(WOW) activity promotion intervention. The WOW program is a family-based, single-
session activity promotion intervention developed for the present study based on empirically
supported principles of behavior change (e.g., goal setting, social support, problem-solving
techniques). The WOW intervention was designed as a single session, manualized program
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that could be replicated in other settings, such as within a primary care practice. The WOW
intervention was administered by research assistants without any advanced professional
training under the supervision of a clinical psychologist. Each session lasted 45–60 min and
featured education on the benefits of exercise, activity goal-setting, social support, and
problem-solving to reduce sedentary time and maximize walking. The use of an “open-loop
feedback system” encouraged youth to set specific walking goals and to frequently review
pedometers to monitor goal attainment, an approach shown to increase activity in obese and
normal weight children.37,38 Participants completed a post-intervention week of activity
monitoring, and then returned to download pedometers. Families received compensation and
small incentive prizes at each study visit.

Analysis
All statistical analyses were conducted with the SAS statistical analysis package (version
9.1; SAS Institute, Inc., Cary, NC). The main outcome of daily activity level was computed
based on the total number of pedometer steps recorded between visits 1 and 2 (baseline) and
visits 2 and 3 (follow-up) divided by the number of days the pedometer was worn.
Parameters were set to maximize data integrity, such as a minimum of 4 hr of monitoring
required in order to determine that a day’s data were valid. Log-transformed step data were
used as primary outcomes for hypothesis testing, but the median and inter-quartile range
(IQR) of pedometer measurements in their original scale are reported for ease of
interpretation.

Group differences in activity (post-intervention vs. baseline) were analyzed using paired
Student’s t-tests. Chi-square tests were used to examine differences across racial/ethnic,
gender, and obesity groupings, and Pearson’s correlation coefficients were calculated
between physical activity and physiological and psychological measures. Analysis of
variance (ANOVA) model was used to assess the association between physical activity and
BMI percentile, gender and racial group. Intra-class correlation coefficients were calculated
for the step data using a one-way random effects ANOVA model. Distributions of obese
(BMI ≥ 95th) and overweight (BMI ≥ 85th) groups at baseline were compared with the
National Health and Nutrition Examination Survey (NHANES) 1999–2000 data39 using a
one-sample test for a binomial proportion. Two-tailed tests and a significance level of less
than 0.05 were used for all analyses.

RESULTS
Demographic Characteristics

Groups were accurately matched according to age (±24 months), gender, and race/ethnicity.
The average age difference between matched pairs was 2.2 months (SD = 10.6 months).
Every attempt was made to have matched pairs complete the study within a 2-week window
of one another to minimize potential effects of weather differences on activity level. We
reached this goal for 55.9% of pairs, with an average of 9.54 weeks duration between study
completion dates for matched pairs (SD = 15.19 weeks).

The final sample included a diverse racial representation, with 52 Caucasian (44.1%), 34
African-American (28.8%), and 32 Hispanic (27.1%) youth. The sample included 60
(50.8%) females and 58 males (49.2%), and most families (66.1%) reported a total income
of less than $50,000 (see Table 1). In order to examine developmental differences, 12 years
of age was used as a cut off for child (<12) versus adolescent (≥12).
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Comparisons of Activity Levels
To check the reproducibility of the pedometer measures between baseline and follow-up
measures for each individual within each group, we calculated the intraclass correlation
coefficient, which were in the “fair to good” range (0.61 and 0.75 for asthma and control,
respectively). Contrary to expectation, comparable levels of baseline physical activity were
found between youth with asthma and their matched counterparts (Table 2). Due to the lack
of group differences, we combined the groups to examine the overall impact of the WOW
program. Both groups demonstrated comparably significant increases in steps following the
intervention, with a median increase of 1,485 steps per day (IQR = 2,605; P < 0.0001)
across groups. This corresponds to an additional 5 miles during the follow-up week,
reflecting an additional caloric expenditure of roughly 150 calories per day. No safety
concerns, injuries or asthma exacerbations were reported.

Psychosocial Correlates of Activity Level
No group differences were found in physical activity attitudes, self-efficacy, or social
support for physical activity between cases and controls. Youth with asthma had lower
health belief scores (mean = 72.9, SD = 9.5), reflecting less positive health attitudes,
compared to controls (mean = 76.9, SD = 9.1) (P < 0.05). Despite this difference, health
belief score did not relate to activity levels at baseline, follow-up or the change score (data
not shown). Additionally, both groups demonstrated comparable psychosocial correlate
composite scores, and these scores were not related to change in activity level for the entire
group (r = −0.003, P = 0.97), youth with asthma (r = −0.16, P = 0.24), or controls (r = 0.16,
P = 0.15).

Demographic Correlates of Activity Level
Girls walked fewer steps at baseline than boys across both groups (5,895 vs. 7,857 median
steps, P < 0.0001), driven mainly by boys in the control group. At baseline, healthy boys
walked significantly more than healthy girls (8,451 vs. 5,561 median steps, P < 0.0001) and
significantly more than asthmatic boys (8,451 vs. 7,440 median steps, P < 0.05).
Interestingly, however, both boys and girls demonstrated an equivalent response to the
WOW intervention (P = 0.34), and the program was equally successful at increasing activity
for girls and boys with and without asthma (P = 0.36 and 0.72, respectively). Ethnic/racial
differences in activity level at baseline or post-intervention were not found. Additionally,
differences in activity level at baseline or post-intervention were not observed between
children and adolescents (data not shown).

Physiologic Correlates of Activity Level
Asthma Factors—Activity level at baseline and change between baseline and follow-up
were not associated with duration of asthma diagnosis, asthma severity or control (FEV1
values and ATAQ scores), or asthma morbidity (Rosier values) (data not shown).

Obesity Factors—Rates of overweight and obesity were significantly greater than general
population estimates, due to the prevalence of obesity among the asthma cohort, where
52.5% were ≥85th percentile and 30.5% were ≥95th percentile (see Table 3). Ethnic/racial
minorities across groups were at the greatest risk of obesity, with 60.6% ≥85th percentile
(vs. 17.3% for whites, P < 0.0001), and 37.9% ≥95th percentile (vs. 3.9% of whites, P <
0.0001). While we expected overweight and obese youth, particularly those with asthma, to
show lower activity levels at baseline and extent of change at follow-up, no associations
were found between BMI category and activity level. The WOW program was equally
successful regardless of weight status for both those with and without asthma (data not
shown).
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DISCUSSION
Maximizing physical activity and minimizing sedentary behaviors are priorities for all
children and adolescents, 18 but are especially important for youth with asthma due to the
increased risk of comorbid asthma and obesity. While debate continues as to the exact causal
pathway underlying the asthma and obesity overlap, overweight patients with asthma clearly
experience more complicated diagnosis, treatment, and outcomes.10 The etiology of obesity
is essentially an energy imbalance whereby caloric intake outpaces caloric output.40 Hence,
encouraging regular physical activity is key to obesity prevention and treatment. Youth with
asthma face barriers to regular physical activity. Upwards of 90% of individuals with asthma
experience respiratory symptoms secondary to exercise, and activity limitation is a
consequence of poorly controlled disease.41 Additionally, negative beliefs about physical
endurance and enthusiasm have been reported among those with asthma.42 Consequently,
youth with asthma appear to be at a greater risk of adopting sedentary lifestyles promoting
the energy imbalance that leads to obesity, requiring the development and dissemination of
activity promotion programs that are suited to all youth, regardless of asthma status.

Several key findings emerged from this study. First, statistically significant differences in
baseline physical activity levels were not found between youth with asthma and matched
healthy controls. While some researchers have reported diminished physical activity levels
among youth with asthma, consistent with the present findings, others have not found
differences.22 Some have speculated that differences in activity level may be subtle during
childhood, and become more pronounced during the transition from adolescence to
adulthood.43 While our findings of comparable baseline activity levels between those with
and without asthma are encouraging, it is important to emphasize that pedometer
measurement does not specify activity intensity. Accordingly, youth with asthma may still
have lower overall energy expenditure, despite our finding of similar exertion duration.

Most importantly, this study documented the feasibility and efficacy of the WOW
intervention, a brief, safe, low-cost, and generalizable walking promotion program. WOW
was successful regardless of illness status, gender, age, race/ethnicity, or BMI. The program
was successful in encouraging even the most typically sedentary youth to increase walking.
Of note, our asthma cohort demonstrated significantly higher rates of overweight and
obesity than the general population, with more than half of participants with asthma at or
above the 85th percentile for BMI, and nearly one-third at or above the 95th percentile.
These findings are consistent with the other reports of high rates of obesity among youth
with asthma, underscoring the urgency of identifying the etiology and optimal treatment for
comorbid asthma and obesity.8 The role of physical inactivity among youth with asthma has
been implicated as a potential mechanism underlying the asthma and obesity overlap, and
physical activity promotion programs for youth with asthma have been considered as an
important tool to address this comorbidity. Interestingly, most empirically supported activity
promotion programs for youth with asthma have involved highly detailed and structured
protocols, using exercise physiologists to encourage cardiopulmonary conditioning,44
precluding their widespread use. In contrast, the WOW program was delivered by research
assistants in less than an hour. Several features of WOW were most likely to have facilitated
the program’s success. First, an open-loop feedback system using objective pedometer
measures, allowed families to review real-time feedback on activity levels.38 Additionally,
established cognitive-behavioral strategies were featured within WOW, including goal
setting, behavioral rewards and contingencies, positive self-statements, and relapse
prevention. Additionally, a family-based approach was used, whereby parents, siblings, and
identified youth were provided a joint intervention. Finally, WOW emphasized on walking,
rather than more physically demanding and sophisticated activities.
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Limitations in the study design and implementation are important to highlight. We only
included youth with well-controlled asthma. As a result, we were not able to compare
baseline activity levels between healthy youth and those with more severe and/or active
asthma, and it will be important to test the efficacy of WOW among those with more
problematic disease before concluding that the program is applicable to all youth with
asthma. Additionally, we do not know whether intervention effects were sustained beyond
the study and play any role in shaping longer-term behavior change or health outcomes.
Future applications of the WOW program should include follow-up modules to reinforce
behavior change and maximize the potential for prolonged lifestyle improvements, such as
weight loss and increased cardiopulmonary conditioning. Additionally, the WOW program
could be adapted for a group-based delivery, which may hold a specific appeal for girls, as
females tend to seek social interaction as part of physical activity.45

CONCLUSION
The WOW intervention is a successful walking promotion program for those with and
without asthma, and is applicable for groups at particularly high risk of sedentary lifestyles,
such as ethnic minorities and obese youth. Future directions should consider replication of
this study among youth with more active and severe asthma, incorporation of a longer
baseline and follow-up phase, and measurement of activity intensity, rather than just
quantity of accrued steps.
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Fig. 1.
Enrollment flowchart.
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TABLE 1

Demographics

Group

Variable
Asthma
(n = 59)

Control
(n = 59) P-value

Age in years (mean, SD) 13.3 (1.8) 13.2 (1.8) ns

Sex (%)

Male 50.8 50.8 ns

Female 49.2 49.2 ns

Race (%)

Caucasian 44.1 44.1 ns

Hispanic 27.1 27.1

African-American 28.8 28.8

Family income

<$10,000 5.2 8.8 ns

$10,000–15,000 10.5 6.9

$15,000–20,000 5.3 13.8

$20,000–25,000 12.3 8.6

$25,000–50,000 12.3 15.5

$50,000–75,000 14.0 5.2

>$75,000 22.8 25.9
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TABLE 2

Pedometer Results at Baseline and Follow-Up

Median steps (inter-quartile range)
1P-value testing if two

groups were equalBoth groups Asthma group Control group

Pre-intervention 6662 (3600) 6348 (3751) 6825 (3887) ns

Post-intervention 8424 (4041) 7644 (3814) 9364 (4110) ns

2Change (post–pre) 1485 (2605) 1443 (2371) 1683 (2617) ns

1P-value testing if change = 0 <0.0001 <0.0001 <0.0001

1
Log-transformed data were used for hypothesis testing using Student’s t-test.

2
Change for each individual was calculated as the difference between post- and pre-intervention steps. Showing above are the median (inter-

quartile range) change for the group.
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