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To determine the prevalence of obesity among children presenting to the
emergency department (ED) with acute asthma, and to examine the
relationship between body mass index (BMI) and acute asthma severity
in the ED setting. We analyzed data from a multicenter prospective
cohort study during 1997-1998; 44 ED in 17 US states and two
Canadian provinces enrolled 672 patients, age 5-17, with acute asthma.
BMI and Pulmonary Index were collected in the ED. We defined
overweight and obesity using age, sex, and race-specific BMI values
from national and international databases. The prevalence of obesity
was significantly higher among ED patients with acute asthma as
compared with children from the general population (23% vs. 9-15%;
p < 0.001). Obese children with acute asthma did not differ from their
non-obese counterparts, by demographic factors or chronic asthma
severity (all p > 0.2). Initial Pulmonary Index was the same across
underweight, intermediate, and obese groups (3.7 + 2.4, 3.8 £ 2.2,
3.7 £ 2.3; p = 0.70). Admission status also did not vary across groups
(22%, 22% and 23%; p = 0.98). Stratifying the analysis by age group
and sex did not change these results. The prevalence of obesity among
children presenting to the ED with acute asthma was significantly
higher compared with children from the general population. BMI was
not associated with markers of chronic and acute asthma severity. The
results of this study support a positive association between obesity and
asthma, and suggest that asthma exacerbations among obese children
are very similar to those experienced by other children.
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The prevalence of childhood obesity, defined as
body mass index (BMI) >95th percentile based on
historical reference populations, is estimated to be
approximately 17% in the US (1). This rate that
has more than tripled over the past 25 yr (2).
Likewise, the prevalence of childhood asthma has
increased from 3.5% in 1980 to 8.5% in 2004 (3).
The concomitant rise in both obesity and asthma
has made these two conditions among the most
common chronic diseases in childhood (4, 5).
There are consistent epidemiological data that
confirm the relationship between obesity and
asthma diagnosis in children and adolescents

(6-11). Furthermore, obesity has identified as a
risk factor for developing asthma in several
longitudinal studies in both children (12-20)
and adults (21, 22). Several studies have also
evaluated the association of obesity with chronic
asthma severity and control in children (23-29);
however, prospective studies of the association of
obesity with acute asthma severity have been
limited to adults (30, 31) or critically ill children
(32). Although one single-center retrospective
study evaluated the association between obesity
and acute asthma severity (33), there have been
no prior prospective studies of the relationship
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between BMI and a broader range of acute
asthma severity in children.

The primary aims of this multicenter, prospec-
tive study were to measure the prevalence of
obesity among children presenting to the emer-
gency department (ED) with acute asthma, and
to examine the relationship between BMI and
acute and chronic asthma severity in the ED
setting.

Materials and methods
Study design and setting

This study analyzes data from a prospective
cohort study performed during 1997-1998, as
part of the Multicenter Airway Research Collab-
oration (MARC) (34). MARC is part of the
Emergency Medicine Network (EMNet), a col-
laboration of 198 participating EDs (http://
www.emnet-usa.org).

Using a standard protocol, investigators at 44
EDs in 17 US states and two Canadian provinces
provided 24-h per day coverage for a median of
2 wk and enrolled 1,184 patients with acute
asthma. All patients were managed at the
discretion of the treating physician. Inclusion
criteria were physician diagnosis of acute asthma;
age 2-17; and informed consent of the parent or
guardian. Twenty-five patients who were eman-
cipated minors gave informed consent and were
interviewed. We excluded repeat visits by indi-
vidual subjects; children age 2-4 (n = 353);
those missing weight or height (n = 143); and
those of race/ethnicity other than white, black or
Hispanic because of the small number of children
in this group (n = 16). After these exclusions,
672 children remained. The Institutional Review
Board at each of the 44 participating hospitals
approved the study.

Data collection

The ED interview assessed self-reported weight,
height, demographic characteristics, asthma his-
tory, and details of their current asthma exacer-
bation. Data on ED management and disposition
were obtained by chart review. Follow-up data
were collected by telephone interview 2 wk later
and included details of any urgent asthma visits,
changes in medical management, and current
asthma symptoms; 88% of patients were suc-
cessfully contacted (n = 588). Site investigators
reviewed all forms before submission to the
EMNet Coordinating Center in Boston, where
they underwent further review by trained per-
sonnel and then double data entry.
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We assigned primary care provider status on
the basis of the following question: ‘Do you have
a primary care provider (such as a family doctor,
internist, or nurse practitioner)?’; if yes, patients
were asked to provide the name and address of
their primary care provider. Median family
income was estimated using patients’ home ZIP
codes (395).

Body mass index, defined as weight in kilo-
grams divided by height in meters squared (kg/
m?),was used as the primary measure of obesity
in children, and is a validated measure of
adiposity in children (36, 37). Using age, sex,
and race-specific BMI values derived from nine
large US epidemiologic studies conducted be-
tween 1973-1994 (38), underweight was defined
as BMI < 5th percentile, overweight was defined
as BMI >85th percentile, and obesity as BMI
>95th percentile. Additionally, we compared this
US-based method to an internationally valid
method derived by Cole et al. For this method,
overweight and obesity were defined by averag-
ing centile curves obtained from six nationally
representative datasets of body mass indices in
childhood from Brazil, Great Britain, Hong
Kong, the Netherlands, Singapore, and the
United States, and designed to pass through
25 kg/m? and 30 kg/m? at age 18 (39).

Pulmonary Index scores were calculated using
respiratory rate, accessory muscle use, wheezing,
and [:E ratio. Based on a scale of 0-3 for each
component of the Pulmonary Index, we calcu-
lated a total Pulmonary Index score, out of a
maximum of 12 (40). Imputed values were used
to calculate the Pulmonary Index score when one
of the elements (i.e., respiratory rate, accessory
muscle use, wheezing, and I:E ratio) was missing;
patients missing more than one of the parameters
were not assigned a Pulmonary Index score.
Relapse was defined as any urgent visit to an ED
or clinic for worsening of asthma during the 2-wk
follow-up period. Post-ED treatment failure was
assigned to patients who reported ‘severe symp-
tom’ during the preceding 24 h on at least one of
two questions (i.e., asthma symptoms ‘most of
the time’ or ‘severe’ discomfort and distress
because of their asthma) or who stated that their
asthma was ‘about the same’ or worse than at the
time of their ED presentation. The ‘severe
symptoms’ classification also was used to char-
acterize the 24 h before ED presentation.

Statistical analysis

All analyses were performed using STATA 10.0
(StataCorp, College Station, TX, USA). We
present data as proportions [with 95% confi-



dence intervals (CI)], means [with standard
deviation (s.d.)], or medians [with interquartile
range (IQR)]. The prevalence of obesity in the
study population was compared with the preva-
lence of obesity among children from the general
population, as reported in several national data-
bases (38). Underweight, intermediate weight,
overweight, and obese patients were compared
by contingency table methods, analysis of vari-
ance, or Kruskal-Wallis test, as appropriate. All
p-values are two-sided, with p < 0.05 considered
statistically significant.

Results

The overall prevalence of obesity (BMI >95th
percentile for age and sex) among our sample of
children who presented to the ED with acute
asthma was 23% (95% CI, 20-26%), which was
significantly greater (p < 0.001) than reported
rates (9-15%) for children in the general popu-
lation around the time of data collection (38).
Additionally, the prevalence of obesity in our
sample was higher in boys (26%) than girls
(19%) and children age 5-11 yr (26%) than
adolescents age 12 to 17 yr (16%). Stratifying the
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analysis by median family income in quartiles
(<$21,858; $21,858-28,581; $28,582-36,607;
>$36,607), the prevalence of obesity was found
to be similar among all groups (24%, 21%, 27%
and 20% respectively; p = 0.46), and consis-
tently higher than the general population.

The prevalence of overweight (BMI >85th
percentile for age and sex) among ED children
with acute asthma was 39%, significantly greater
(p < 0.001) than children from the general
population where the prevalence of overweight
was approximately 25% (41). In our sample,
40% of children and 34% of adolescents in our
sample were found to be overweight.

The demographic and chronic asthma charac-
teristics of the study population are described in
Table 1. There were no significant differences by
sex, race-ethnicity, years of parental education,
household income, insurance status or primary
care provider status across BMI distribution (all
p > 0.05). Also, obese subjects did not differ by
several markers of chronic asthma severity, such
as history of prior steroid use, prior hospitaliza-
tion, or prior intubation for asthma (all
p > 0.05). We did not find any association
between obesity and number of urgent clinic

Table 1. Demographic and chronic asthma characteristics of children with acute asthma, according to body mass index

Underweight Intermediate weight Obesity
(n =65 (n = 454) (n =153) p-value
Demographic factors

Age (yr), mean + s.d. 89+29 105 + 3.6 9.7 +34 <0.001
Female (%) 43 46 36 0.09
Race/ethnicity (%)

White 23 22 21 0.20

Black 58 54 63

Hispanic 18 24 16
High school graduate (%) 69 n 72 0.85
Estimated household income ($), median (IQR) 27,527 28,582 29,401 0.60

(20,243-36,608) (21,935-37,056) (21,858-36,583)

Insurance status (%)

Private 36 40 40 0.99

Medicaid 33 30 32

Other public 14 13 12

None 17 17 16
Primary care provider status (%)* 89 89 91 0.84

Chronic asthma factors

Ever taken steroid medicine for asthma (%) 65 73 79 0.08
Ever hospitalized for asthma (%) 68 62 54 0.12
Ever intubated for asthma (%) 8 6 4 0.51
Inhaled ?-agonist during past 4 wk (%) 77s 78 76 0.83
Inhaled cromolyn during past 4 wk (%) 31 29 26 0.73
Inhaled corticosteroid during past 4 wk (%) 22 27 23 0.48
Other asthma medication during past 4 wk (%) 17 18 19 0.91
No. urgent clinic visits in past year, median (IQR) 1(0-3) 1(0-3) 1(0-3) 0.82
No. of ED visits in past year, median (IQR) 2 (1-5) 2 (0-4) 2 (1-4) 0.25
Admitted for asthma in past year (%) 28 25 26 0.90
ED usual site for problem asthma care (%) 66 66 64 0.95

IQR, interquartile range; ED, emergency department.

*Based on response to whether the child currently has a primary care physician.
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visits, ED visits and admissions for acute asthma
in the past year. Stratifying the analysis by age
group, sex, or ED disposition and combining
overweight with obese children did not materially
change these results (data not shown).

Body mass index also was not related with
acute asthma severity (Table 2). Initial Pulmo-
nary Index was the same across underweight,
intermediate, and obese groups. Admission sta-
tus was similar across groups, and there were no
significant differences in hospital length of stay.
At 2-wk follow-up, relapse and post-ED treat-
ment failure did not differ according to BMI
(Table 2). Stratifying the analysis by age group,
sex, or admission status and combining over-
weight with obese children did not materially
change these results (data not shown).

Comparing the 672 children with height/
weight to the 143 missing height/weight (who
were excluded from analysis), a few differences
were observed. Children with height/weight were
older (10 £ 4 yrvs. 8 = 3 yr; p < 0.001). They
also were more likely to be white (22% vs. 8%)
and less likely to be black (57% vs. 67%;
p = 0.001). Their parents were more likely to
have completed a high school education (71% vs.

Table 2. Acute asthma characteristics, according to body mass index

61%; p = 0.03) and they had a higher estimated
household income (median: 28,582 vs. 25,175;
p < 0.001). While the children with height/
weight had lower initial respiratory rates (mean:
28 £ 8 vs. 34 £ 11; p < 0.001) and higher
initial oxygen saturation (96 £ 4 vs. 94 + 6;
p = 0.001), the two groups did not differ by
chronic or other acute asthma characteristics.
ED management and outcomes also were similar
between the two groups.

In an alternate analysis using international
obesity criteria, as reported by Cole et al. (39),
the overall prevalence of obesity among our
sample of children with acute asthma was 40%,
and the prevalence of overweight was 45%.
Although these rates were much higher than the
primary analysis with these different BMI thresh-
olds, the associations between overweight/obesity
and demographics, chronic asthma characteris-
tics, and acute asthma severity were not materi-
ally different (data not shown).

Discussion

The prevalence of obesity among a diverse
sample of children presenting to the ED with

Underweight Intermediate weight Obesity
(n =65) (n = 454) (n=153) p-value
Presentation
Duration of symptoms (%)
<24 h 65 62 59 0.68
>24 h 35 38 M
No. inhaled B-agonist puffs within 6 h of ED
Median (IQR)* 3 (0-10) 4(0-12) 3 (0-8) 021
Severe symptoms (%)T 55 66 64 0.18
Initial respiratory rate (breaths/min), mean + s.d. 29+8 28 +8 28+8 0.34
Initial O, saturation, mean # s.d. 96 + 3 96 + 4 96 + 3 0.74
Pulmonary Index, mean + s.d.f 37+24 38+22 3723 0.70
ED Course
No. inhaled B-agonists in first hour, mean + s.d.* 18+1.1 18+1.1 19+1.1 0.51
No. of inhaled B-agonists over ED stay, mean + s.d.” 32+23 3121 32+30 0.79
Given steroid treatment (%) 80 82 85 0.65
Received other asthma treatments in the ED (%) 42 40 M 0.95
ED length-of-stay (min), median (IQR) 149 (104-208) 144 (110-205) 140 (108-190) 0.69
ED disposition (%)
Sent home 78 78 77 0.59
Admitted 22 22 23
Hospital length of stay (days), median (IQR) 3(2-3) 2 (1-3) 2 (2-3) 0.99
Sent home on systemic corticosteroids (%)% 76 76 77 0.99
Post-ED course$
Relapse within 48 h (%) 8 4 6 0.30
Relapse within 2 wk (%) 10 8 13 0.25
Failure (%)t 8 13 8 0.26

ED, emergency department; IQR, interquartile range.

*Each nebulizer treatment was counted as equivalent to six ‘puffs’ from a metered-dose inhaler.

+See Materials and methods for details.
1Restricted to patients sent home from ED (n = 522).
8Restricted to patients with two-week telephone follow-up (n = 588).
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acute asthma (23%) was significantly higher
compared with children from the general popu-
lation (9-15%). Similarly, the prevalence of
overweight (39%) was found to be significantly
higher among ED children with acute asthma, as
compared with children from the general popu-
lation (25%). Despite these clear differences,
children presenting to the ED with acute asthma
did not differ across the BMI distribution by
demographic factors or several markers of
chronic and acute asthma severity.

There is growing concern about increasing
childhood obesity in the US (1, 2). Using 95th
percentile BMI as the cutoff, Rosner et al.
reported the prevalence of childhood obesity
from several national databases in the mid-1990s
to be between 9 and 15% depending on sex and
race/ethnicity (38). In prior studies that assessed
the relationship between obesity and asthma in
children, the prevalence of obesity was found to
be 1.5-2.5 times higher in those with physician-
diagnosed asthma, compared with those without
asthma (6-11).

In the present study, the prevalence of obesity
in children presenting to the ED with acute
asthma was found to be similar to the prevalence
of obesity among those with physician-diagnosed
asthma from the general population (23% vs 21—
30%), but significantly higher compared with all
children in the general population (23% vs 9—
15%). This association is consistent with previ-
ous studies that found obesity is associated with
prevalent asthma (6-11). As in many prior
studies, the temporal relation between these two
conditions cannot be established using our study
design; thus, we are unable to determine if
obesity preceded or followed asthma onset. Prior
prospective cohort studies suggest that obesity is
associated with increased asthma incidence in
children (12-17), although this association may
vary by sex (12, 14, 17) and may be more
complex than initially described (18, 19).

Because asthma is a common disease in the
general population that still lacks a universally
accepted definition, asthma overdiagnosis may
be common (42). Overdiagnosis of asthma
among obese individuals would complicate inter-
pretation of the apparent relationship between
obesity and asthma. On the other hand, high
BMI has been identified as a risk factor for
asthma underdiagnosis in adolescents (43). Addi-
tionally, preliminary data suggest genotypic dif-
ferences in obese vs. non-obese adults with
asthma (44); the relevance of these findings to
children is uncertain (45). Our data demonstrate
that obese children with physician-diagnosed
asthma have remarkably similar presentations

Body mass index and asthma severity

of acute exacerbation, which suggests that
asthma overdiagnosis in obese children is prob-
ably uncommon, at least among those who visit
the ED for emergency care. Recent data suggest
that obesity does not confound the diagnosis of
asthma (46). Nonetheless, we believe that this
methodologic issue merits further attention.

Prior epidemiologic data on the relationship
between obesity and chronic asthma severity and
control in children are limited and provide
conflicting information. One study of inner-city
children supported an association between high
BMI and increased chronic asthma severity (e.g.,
pulmonary function tests and number of asthma
medications) (6), while other studies did not find
an association (7, 24, 25). In contrast, several
studies did find an association between obesity
and some markers of worse asthma control (e.g.,
activity limitations and school days missed) (6,
23, 24, 26-29), but reported association with
other markers of control, in particular ED visits
and hospitalizations, is less clear (6, 23, 25, 26).

Results may differ because of the different, and
still evolving, ways in which severity and control
are classified (47). For instance, if obesity
increases the frequency of asthma exacerbation,
then this would increase chronic asthma severity
classification, but if in the treatment phase,
would lead to classification of poor control. As
this study enrolls children at the time of asthma
exacerbation, the analysis is better designed to
assess acute asthma severity, than chronic
asthma severity or control. Additionally, differ-
ences in measurement of obesity, especially
changes over time, may also affect comparison
of our results with other studies.

We present the first multicenter or prospective
study to examine the association between BMI
and acute asthma severity in children. Several
measures of acute asthma severity, such as
Pulmonary Index and admission status, did not
vary across BMI distribution. These results differ
from a recent single-center, retrospective study,
which found an association between obesity and
hospital admission rate in children presenting to
the ED with acute asthma (33). Two recent
studies of adults presenting to the ED with acute
asthma also reached different conclusions; Rodr-
igo et al. showed an association between BMI
and acute asthma severity in the severe subset of
patients in their Uruguayan ED (31), while
Thomson et al. found no association in a mul-
ticenter study that included all levels of acute
asthma severity (30). Also of potential relevance,
Carroll et al. found an association between
obesity and asthma severity in critically ill
children with status asthmaticus (32), but our
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results did not confirm this finding. Even when
we restricted our analysis to admitted patients,
there were no significant associations between
obesity and any of the markers of acute asthma
severity.

Regardless of the causal nature of the associ-
ation between obesity and asthma, the high
prevalence of children with comorbid obesity
and asthma is an important public health prob-
lem. In this study, we found that 23% of children
presenting to the ED with acute asthma had
comorbid obesity. Pediatricians should be aware
of the association between obesity and asthma,
and initiate a multidisciplinary approach for
prevention and treatment of both conditions.
Whether obesity leads to childhood asthma, or
asthma leads to obesity remains unclear; the
concomitant presentation of both diseases war-
rants further detailed examination. Additionally,
a recent meta-analysis suggests that weight loss
may reduce or mitigate asthma in adults (48), but
the reversibility of asthma in children remains to
be clarified.

This study has several potential limitations.
Most importantly, our study lacks a comparison
group from the ED to compare their obesity
prevalence with that of the ED asthma popula-
tion. Specifically, we did not measure the prev-
alence of obesity in ED children without asthma
exacerbation, and national surveys were used to
estimate the prevalence in the general popula-
tion. Obese children tend to go more often to the
ED than non-obese children because the preva-
lence of obesity is higher among individuals with
a low socioeconomic status (49). However, the
prevalence of obesity among children presenting
to the ED with acute asthma appeared to be
high, regardless of the socioeconomic status. For
example, obesity was present in 24% of ED
asthmatic children from lowest income house-
holds, and 20% among those from the highest
income households. Additionally, because our
outcomes were primarily symptom-based, we
were unable to distinguish whether the high
prevalence of obesity in children presenting to
the ED with asthma exacerbation may have been
related to either increased lung inflammation or
increased symptoms with similar underlying
inflammation in obese children with asthma.

Another potential limitation is the use of self-
reported height and weight during the ED inter-
view to calculate BMI. Although prior data
suggests that BMI calculated from self-reported
height and weight may be a valid indicator of
obesity (50, 51), reliance on self-report may
underestimate the true prevalence of obesity and
introduce a source of imprecision in our measure-
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ment (52). Additionally, while we did not specif-
ically measure diet or activity in this study, the risk
of obesity is a product of changes in diet and
changes in overall activity. BMI was not recorded
for 143 enrolled children, and demographic dif-
ferences may have biased the results. However,
these excluded children did not materially differ
from the study sample by major chronic or acute
asthma characteristics (see Results).

Our study included the outcome of Pulmonary
Index, a clinical rather than function score,
which was recorded by multiple observers. How-
ever, Pulmonary Index has shown excellent inter-
observer agreement and objective correlation
with pulmonary function testing in the early
assessment of children with acute asthma (40).
Additionally, use of a validated clinical score
may be more reliable than spirometry, which is
not reproducible during asthma exacerbation
(53). Although many instruments, including the
Pulmonary Index need to be re-validated in a
contemporary population, over two decades of
experience with this instrument, helps in com-
parison to prior studies. Criteria for hospital
admission may have varied by site, which may
limit the validity of this outcome. However, in a
prior report, we demonstrated that we could
accurately predict hospital admission for asthma
exacerbation across the 44 sites (54). Finally, our
population included only children presenting to
the ED with acute asthma, so the results of this
study may not be applicable to a more general
population of children.

In conclusion, the prevalence of obesity and
overweight among children presenting to the ED
with acute asthma was significantly higher com-
pared with children from the general population.
BMI was not associated with several measures of
chronic and acute asthma severity in our patient
sample. The results of this study suggest that
asthma exacerbations among obese children are
very similar to those experienced by other chil-
dren. Further elucidation of differences in the
asthma phenotype of obese compared with non-
obese children may help to improve diagnosis
and control of asthma in this important subset of
patients.
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