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Abstract

Objective—To evaluate the effects of overweight/obese versus normal weight on symptoms,
activity limitation and health care utilization among a group of urban children with persistent
asthma.

Methods—Data were obtained from the School-Based Asthma Therapy Trial. We enrolled 530
children ages 3-10 with persistent asthma from 2006—-2009 (response rate: 74%). We conducted
in-home interviews to assess symptoms and health care utilization. We measured height and
weight in school nurse offices to determine BMI percentile, and compared normal weight children
to overweight/obese (BMI >85t percentile) children. Bivariate and multivariate analyses were
used.

Results—We collected BMI data from 472 children (89%); 49% were overweight/obese. When
controlling for child race, child ethnicity, intervention group, caregiver age, and screen time,
overweight/obese children had more days with asthma symptoms (4.25 vs. 3.42/2 weeks, p=.035)
and more activity limitation (3.43 vs. 2.55/2 weeks, p=0.013) compared to normal weight children.
Overweight/obese children were more likely to have had an ED visit or hospitalization for any
reason (47% vs. 36%, OR 1.5, 95% CI 1.01, 2.19), and there was a trend for overweight/obese
children to have more acute asthma visits in the past year (1.68 vs. 1.31, p=.090). Overweight/
obese children were not more likely to be taking a daily preventive inhaled corticosteroid (OR 1.0,
95% CI 0.68, 1.56).

Conclusions—Overweight/obese children with persistent asthma experience more asthma
symptoms, activity limitation and health care utilization compared to normal weight children, with
no increased use of inhaled corticosteroids. Further efforts are needed to improve the health of
these children.
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Introduction

Methods

Asthma is one of the most common chronic illnesses of childhood, affecting almost 10% of
children in the United States.(1, 2) Despite advancements in medicine and public health
initiatives, the national prevalence of pediatric asthma has continued to rise, and poor urban
children suffer disproportionately.(1, 3) Poorly controlled pediatric asthma continues to be a
leading cause of missed school days, missed work days, emergency room visits and
hospitalizations in the United States.(3, 4) Although the National Heart Lung and Blood
Institute has published guidelines to support the management of asthma in children, under
treatment (through insufficient prescribing or poor adherence) with effective preventive
medications remains common.(5)

In recent years, the United States has also seen significant increases in rates of childhood
overweight and obesity.(6) Overweight and obese status in childhood is associated with
increased risk of sleep apnea, cardiovascular disease and diabetes in childhood as well as
later in life.(7, 8) Health care utilization is also higher in overweight and obese children than
normal weight children.(9) Ultimately, being overweight or obese in childhood can lead to
increased health risks throughout adolescence and adulthood, causing substantial morbidity
and increased long-term health care costs in this population.(10)

Evidence supports the comorbidity of asthma and overweight in the general population.(11,
12) Studies have demonstrated higher rates of overweight/obesity in asthmatic children than
in non-asthmatic children,(11) as well as higher incidence of asthma in overweight/obese
children than normal weight children.(12) Less is known about the association of overweight
status among children with persistent asthma symptoms. Further, the mechanisms linking
weight status and pediatric asthma symptoms remain unclear,(11, 12) and clear
directionality has yet to be established, however bi-directionality is likely at work in the
relationship between asthma and obesity. (13) Asthma may contribute to increased
overweight/obesity(14) due to an influence on activity limitation,(15) or by inflammatory
mechanisms.(16) However overweight/obesity may also be related to an increased incidence
of new asthma diagnosis and wheezing.(12, 16) In this study we sought to determine the
associations of being overweight/obese (BM1 =85 percentile) and reported asthma
symptoms, activity limitation, and health care utilization. We hypothesized that compared to
normal weight children, overweight/obese children with persistent asthma experience more
asthma symptoms, experience more asthma-related limitation in activities, are more likely to
use the healthcare system for asthma, and are more likely to use preventive asthma
medications.

SETTINGS AND PARTICIPANTS

We obtained data for this study from a larger study, the School-Based Asthma Therapy
(SBAT) Trial, which enrolled 530 children ages 3-10 with persistent asthma at the start of
each school year, from 2006-2009.(17) Potential subjects were recruited from 67 elementary
schools and preschools in the Rochester City School District, and were identified by review
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of school medical-alert forms filled out by parents at the start of each school year (response
rate: 74%). As described in prior work(17), eligible participants had a physician diagnosis of
asthma and parent report of symptoms indicating persistent asthma based on the National
Heart Lung and Blood Institute guidelines.(5) Exclusion criteria included medical conditions
that may interfere with the assessment of outcomes (i.e. cystic fibrosis, sickle cell disease,
and heart disease), a caregiver who could not read/understand English, no telephone access,
and plans to move out of the district within 6 months. We obtained written informed consent
from caregivers and verbal assent from children =7 years old. The study protocol was
approved by the University of Rochester Institutional Review Board.

All data for this analysis, with the exception of BMI, were collected through interviews with
primary caregivers in the home at the beginning of each school year (September through
mid-November). New participants were enrolled for three consecutive years. At the initial
home visit, subjects were randomly assigned to an intervention or control condition, and
randomization was stratified by secondhand smoke exposure status. The intervention
continued for the duration of one school year, and included directly observed administration
of preventive medicine daily at the school nurse’s office, as well as an environmental
tobacco smoke reduction component for caregivers of smoke exposed children. Further
details of the intervention and results have been published elsewhere.(17, 18) While the data
presented was collected as part of a large randomized control trial, this study is a cross-
sectional analysis of initial symptom assessments which occurred prior to the initiation of
any intervention procedures.

Assessment of Asthma Symptoms—We used structured interviews to ask caregivers
about their child’s asthma symptoms over the past two weeks. Symptom free days were
defined as a 24-hour period in which the child did not experience any cough, wheeze or
breathlessness. We also asked caregivers to identify the number of days the child had any
daytime asthma symptoms, nighttime asthma symptoms, and rescue medication use to
relieve symptoms over the past two weeks.

Assessment of Activity Limitation due to Asthma—We asked caregivers to report
the number of days their child experienced any activity limitation due fo asthma over the
prior two weeks. We also used the Child Activities subscale from the Children’s Health
Survey for Asthma(19) to assess limitation over the past two weeks during mild activities
(i.e. walking) due to asthma. Parents were asked to report the extent of limitation on a 5-
point scale (1=Not Limited, 5=Totally Limited).(19) Responses were dichotomized to Not
Limited vs. Any Limitation.

Assessment of Health Care Utilization—Caregivers reported their child’s health care
utilization over the prior year. We asked them to identify visits to a doctor, emergency room
visits, and hospitalizations for any reason. We asked caregivers to identify the purpose of the
visit (well-child visit, visit for an asthma exacerbation, asthma follow-up, other), the date of
the visit, and whether or not asthma was discussed at the visit. We defined an “acute” asthma
visit as any hospitalization, emergency room visit or doctor’s visit for an asthma
exacerbation. Caregivers also reported all current asthma medication prescriptions (i.e.
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inhaled corticosteroid, bronchodilators, etc.), and we requested to see the medication
canisters when available.

Assessment of Body Mass Index Percentile—During the last few months of school
(at the end of the school-based intervention), we measured children’s height and weight in
the school nurse offices using standardized equipment and techniques. We used these
measurements to determine Body Mass Index (BMI) percentile using the Centers for
Disease Control and Prevention growth charts and SAS coding schematic. Children’s weight
status was categorized by BMI percentile ranges. Measurements were dichotomized to
compare normal weight children (BMI >5"—<85™ percentile) to overweight and obese
children (BMI =85t percentile). Underweight children (BM1 <5t percentile, n=12) were
excluded from these analyses.

Assessment of Covariates—At the initial survey, we collected demographic
information including gender, age, race (White, Black or Other), ethnicity (Hispanic or not
Hispanic), Medicaid insurance coverage (yes/no), caregiver age (<30 or >30 years),
caregiver education (<high school or =high school), caregiver marital status (single or
married/domestic partner), caregiver employment (yes/no), and caregiver gender. We also
explored covariates that have been previously found to be associated with asthma and
overweight/obese. We asked caregivers to identify if their child was born prematurely (yes/
no). We asked caregivers to report the number of minutes spent watching TV, playing video
games, or using a computer on a typical weekday and typical weekend day to determine
average screen time, and dichotomized responses to <3 hours/day and >3 hours/day.
Additionally, we collected salivary cotinine (a metabolite of nicotine, reported in ng/ml) as
an objective measurement of environmental tobacco smoke (ETS) exposure.

We performed analyses for this study using PASW version 20.0 software (Predictive
Analytics SoftWare 20.0; SPSS Inc, Chicago, IL). We used bivariate statistics and the non-
parametric Mann-Whitney test to compare weight status to asthma outcomes including
symptoms, limitation of activities, and health care utilization. We used linear and logistic
regression analyses to assess the independent effect of weight status on asthma outcomes,
controlling for child race, child ethnicity, intervention group, and potentially confounding
variables that were different between groups including caregiver age and screen time. A 2-
sided alpha <.05 was considered statistically significant.

Of the 530 children enrolled in the School-Based Asthma Therapy (SBAT) trial, BMI data
were collected for 472 children (89%); 19% were overweight (BMI 85-95t percentile);
and 30% were obese (BMI =95 percentile). We combined overweight and obese children
into one group. We excluded underweight children from analyses (BMI <5t percentile,
n=12). As shown in Table 1, 57% of children were male, 65% Black, 28% Hispanic, and
72% used Medicaid as their primary medical insurance. Among the primary caregivers in
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this study, almost all (96%) were female, 62% were employed, and 40% had not completed a
high school education.

In Figure 1, we show the prevalence of weight status among the SBAT, participants
compared to the same age group of children from the city of Rochester, (part of a county
wide obesity prevalence report).(20) The prevalence of both overweight and obesity among
study participants was higher than the prevalence among children in the city.

There were no differences between overweight/obese and normal weight children in gender,
age, race, ethnicity, or treatment group assignment. Overweight/obese children were
significantly more likely than their normal weight peers to have a caregiver older than 30
years (p=.004), and were more likely to have more than 3 hours of screen time viewing per
day (55% vs. 46%, p=.048). There were no differences between groups in caregiver
education, caregiver employment, caregiver gender, smoke exposure, or prematurity.

Asthma symptoms and activity limitation due to asthma within the prior two weeks are
shown in Table 2. Overweight/obese children had significantly more days with daytime
asthma symptoms than their normal weight peers (4.25 vs. 3.42 days/2 weeks, adjusted p=.
035). Overweight/obese children also experienced more days with activity limitation due to
asthma (3.43 vs. 2.55, adjusted p=.013) in past 2 weeks, and were more likely to report any
limitation due to asthma in mild activities over the past week (27% vs. 18%, OR 1.5, 95% ClI
0.92-2.37). In regression analyses controlling for child race, ethnicity, screen time, and
caregiver age, the majority of these findings remained significant. There were no significant
differences between groups in symptom free days or nights with symptoms.

Table 3 shows health care utilization and preventive medication use for overweight/obese
and normal weight children. Children who were overweight/obese were significantly more
likely to visit the emergency department or be hospitalized for any reason in the past year
(47% vs. 36%, OR 1.5, 95% CI 1.01-2.19) compared to normal weight children. While
significantly different in bivariate analyses, in a multivariate regression did not show
significant differences between acute asthma visits in the prior year (1.68 vs. 1.31, adjusted
p=.090) or having had =2 acute asthma visits (41% vs. 32%, OR 1.3, 95% CI 0.87-1.93).
Overweight/obese children did not have significantly more primary care doctor’s visits (6.39
vs. 4.61, p=.184), and were not more likely to use a daily inhaled corticosteroid (61% vs.
61%, p=0.924) than their normal weight peers. In a logistic regression including child race,
ethnicity, screen time, and caregiver age, overweight/obese children had 1.5 greater odds of
having an ED visit or hospitalization (95% CI:1.01-2.16) in the prior year. We also
conducted a secondary analysis comparing normal weight children to obese children
(excluding the smaller group of overweight/obese children), and all results remained
statistically significant.

Discussion

Our study considers the relationship of overweight/obese status and asthma morbidity
among a large community-based sample of urban school-aged children with persistent
asthma. In our sample, all children attended school in an underserved, urban school district,
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and eligibility required them to have persistent asthma symptoms that warranted the use of a
daily preventive asthma medication. Among this group, we found that the prevalence of
overweight/obese was very high, and while increased prevalence of obesity is well
documented in urban areas, the prevalence of overweight and obese status in our sample was
even higher than the general population of children living in urban Rochester, NY (Figure
1).(20)

The relationship between asthma and overweight/obesity is complex, and is likely
bidirectional. Prior research has found that asthmatic children who are overweight or obese
have more ED visits and hospitalizations,(12, 21, 22) have greater activity limitation(13) and
miss more school days(22) than their normal weight asthmatic peers. Children with both
diagnoses also may experience higher functional morbidity, with studies showing
significantly lower quality of life scores,(23) higher rates of emotional difficulties and worse
mental health.(13)

We found that overweight/obese children experienced more frequent daytime asthma
symptoms than their normal weight peers. They also were more likely to be limited by their
asthma when performing even mild activities like walking. These findings are concerning for
several reasons. It is likely that children with daytime asthma symptoms and asthma-related
activity limitation avoid physical exercise, especially when experiencing difficulty with their
breathing, which may exacerbate weight problems. Further, parents, teachers and other care
providers may discourage children from participating in physical activity to prevent further
difficulty breathing and avoid exercise induced bronchospasm.(24) While there is a potential
for uncertainity between asthma symptoms and physical deconditioning related to weight
status, this discouragement of physical activity is in contradiction to the 2007 NHLBI Expert
Panel guidelines, which clearly indicate that the goal for well controlled asthma includes no
limitations on activity.(5) Considering this goal, these reported activity limiations further
indicate improper management of asthma in this group. Lastly, physical activity may
improve asthma outcomes (25) and has potential for positive benefits on weight status
among children with asthma. Children who avoid physical activities may be at a
disadvantage in overcoming both health issues.(26)

Overweight/obese children with persistent asthma in this study also reported greater
utilization of urgent health care services compared to normal weight children. Specifically,
overweight/obese children were significantly more likely to require an ED visit or
hospitalization for any reason compared to their normal weight peers. These findings
translate to increased cost of healthcare, as well as greater acuity of illness for children who
have persistent asthma and are overweight/obese, further emphasizing the need for
additional efforts to better understand the morbidity and use of healthcare services that
accompanies obesity. Importantly, worse asthma control was observed in these children
without the use of more preventive medications. This suggests sub-optimal provision of
guideline based asthma care in this population.

Some studies have shown that obese children with asthma are more likely to use asthma
medications compared to their normal weight peers.(22) Others have suggested that higher
levels of systemic steroid use may contribute to overweight status.(27) In this study we did
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not observe any differences between groups in the percent of children who were prescribed
an inhaled corticosteroid; we were unable to meaningfully evaluate systemic steroid use.
Approximately 67% of children in both the normal weight and overweight/obese groups
reported the use of any controller asthma medication, and 61% reported using an inhaled
corticosteroid. While all children in this sample were experiencing persistent symptoms that
warranted the use of a controller medication based on the NHLBI guidelines, the fact that
overweight/obese children experienced greater morbidity with equivalent rates of reported
preventive medication highlights under-treatment, poor adherence, or reduced physiologic
response to these medications among this subgroup.

There were no demographic differences between groups, with the exception that children
who were overweight/obese were more likely to have a parent over the age of 30. It is
possible that older caregivers are more cautious in allowing physical activity for children
with persistent asthma, with the aim of preventing symptoms. Differences in caretaker
lifestyle and nutritional habits may also play a role. Additionally, half of the children in this
sample were reported to have screen time of >3 hours per day, clearly exceeding the AAP
recommendations of no more than 1-2 hours per day of screen time.(28) We initially
dichotomized screen time at <2 hours/day, per the AAP recommendations, but found that
75% of our total sample exceeded the recommendation, and that this did not differ between
groups.(28) When considering previous reports of excessive screen time use, we chose to
alter our screen time analysis to look at average screen times of >3 hours/day.(29) While
children may be using screen time for relaxation or as an alternative to physical activity due
to their asthma symptoms, this likely perpetuates the cycle of poor health habits for these
children.

There are a few limitations to this study that should be noted. Asthma symptoms, activity
limitation and healthcare utilization were reported by parents at the beginning of the study,
and BMI was measured in the last few months of school (approximately 8 months apart).
Although weight status is not as likely to change during the school year as it is during the
summer,(30, 31) it is possible that some children changed groups (i.e. normal weight to
overweight) during the school year. While there was no difference between groups in the
percentage of children using preventive inhaled corticosteroid medications, we do not have
complete information on the dose of medications used or objective adherence information.
We also are unable to account for parent weight status, child atopy, activity time, or dietary
habits, all of which may influence childhood weight status. Some studies cite concerns that
children with diagnoses of asthma and overweight may have been misdiagnosed with asthma
or that assessments of severity level may be inaccurate due to deconditioning or difficulty
breathing at night related to obesity.(32) However, all children in this study had physician-
diagnosed persistent asthma, making misclassification unlikely. Lastly, our study was
conducted among an inner-city sample of school children in Rochester, NY and these
findings can only be generalized to similar populations.

This study also has multiple strengths. We include a large community-based sample of urban
children, all of whom had persistent asthma symptoms, and thus our findings add to our
understanding of the health effects of being overweight or obese among this high-risk group.
We obtained objective BMI data as opposed to parent reported height and weight recall, to
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improve accuracy of classification. Additionally, urban children present a convenient sample
to assess the relationships between asthma and weight status as these children are at high
risk for both persistent asthma and obesity.(1, 3, 33) We were also able to evaluate many
important potentially confounding factors that may influence both asthma and/or weight
status such as screen time, premature birth, caregiver education, and smoke exposure.

Conclusions

As the prevalence of overweight/obese status continues to rise in American youth and
asthma remains one of the most common chronic illnesses of childhood, understanding how
weight status influences the health of children with asthma is increasingly important.
Despite the clinically important differences in symptoms, activity limitation, and overall
health care utilization that we observed in this study, we did not see differences in use of
preventive medications. Reducing asthma morbidity, reducing obesity, and preventing
inappropriate weight gain among youth are Healthy People 2020 goals (34, 35). For the
children experiencing both asthma and obesity, optimizing asthma therapy and promoting
weight management is critical.

Suggestions for providers

Providers should carefully evaluate children who are overweight/obese and also have
persistent asthma to consider appropriate preventive asthma treatments and to provide
counseling regarding nutrition, physical activity, and limited screen time. Increased attention
to weight management in conjunction with asthma control measures may allow for effective
treatment of both conditions. Further, optimal management is critical for all children with
asthma to ensure the goals of therapy are met and children aren’t experiencing activity
limitation that might contribute further to the obesity epidemic.
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Overweight/Obesity Prevalence: (in order left to right, top to bottom): Rochester; SBAT;
Children vs. Rochester; School Based Asthma Therapy Participants

Figure 1 excludes data from underweight children.
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Table 1
Demographic Characteristics
Overall (BMI >5th Normal Weight (BMI =5t Overweight/Obese (BMI
percentile) and <85t percentile) >85t percentile)
| n=460 | n=227 | n=233 | p-value
Child Characteristics | | | |
Male | 264 (57%) | 132 (58%) | 132 (57%) | 0.778
Age | 7.16 (1.87) | 7.11 (1.89) | 7.21 (1.86) | 0.475
Race

White 36 (8%) 15 (7%) 21 (9%)

Black 298 (65%) 157 (69%) 141 (60%)

Other 126 (27%) 55 (24%) 71 (30%) 0.152
Hispanic | 128 (28%) | 54 (24%) | 74 (32%) | 0.061
Treatment Group | 223 (48%) | 107 (47%) | 116 (50%) | 0.577
Medicaid | 333 (72%) | 164 (72%) | 169 (72%) | 1.000
Child was born premature | 54 (12%) | 27 (12%) | 27 (12%) | 1.000
Salivary Cotinine (ng/ml) | 141 (2.43) | 1.15 (158) | 1.66 (3.02) | 0.478
Screen Time >3 hrs/day? | 227 (50%) | 100 (46%) | 127 (55%) | 0.048
Caregiver Characteristics | | | |
Female Caregiver | 441 (96%) | 221 (97%) | 220 (94%) | 0.159
Single Caregiver | 339 (74%) | 167 (74%) | 172 (74%) | 1.000
Caregiver >30 years? | 306 (66%) | 136 (60%) | 170 (73%) | 0.004
Caregiver Education <HS | 182 (40%) | 88 (39%) | 94 (40%) | 0.775
Employed Caregiver | 286 (62%) | 142 (65%) | 144 (66%) | 0.920

ap-value <0.05
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