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Childhood obesity increases duration of therapy during severe
asthma exacerbations*

Christopher L. Carroll, MD; Anita Bhandari, MD; Aaron R. Zucker, MD; Craig M. Schramm, MD

T he prevalence of childhood
obesity has increased rapidly
over the last 2 decades (1–4).
According to data from the

National Health and Nutrition Examina-
tion Survey (1999 –2002), 15% of the
children in the United States are at risk of
being overweight and 16% are over-
weight (1). Along with obesity, the prev-
alence of childhood asthma is also in-
creasing (5–7). The annual prevalence of
self-reported asthma in children in the
United States is between 4% and 8% and
accounts for 6–10% of all pediatric office
visits (7). Because the increases in
asthma and obesity are concomitant, it
has been suggested that they may be
causally related (8). Although several

studies have reported a positive associa-
tion between asthma and obesity in chil-
dren and adults (8–10), the results of the
studies in children have not been consis-
tent (11–13), and the exact nature of the
relationship is unclear.

Status asthmaticus, or a severe
asthma exacerbation, is one of the most
frequent causes of admission to a pediat-
ric intensive care unit (ICU) (5–6). In the
ICU, obesity has been found to contribute
to an array of medical complications in-
cluding the development of multiple or-
gan failure, prolonged ICU length of stay,
and increased mortality (14–16). Our hy-
pothesis was that obese children admitted
to the ICU with status asthmaticus simi-
larly receive more intensive therapy and
require a longer duration of hospitaliza-
tion for asthma exacerbations than nono-
bese children.

MATERIALS AND METHODS

This study was approved by the Institu-
tional Review Board at Connecticut Children’s
Medical Center, and the criteria for informed
consent were waived due to its retrospective
nature.

We retrospectively examined the medical
records of all children between the ages of 2
and 18 yrs admitted to the pediatric ICU for
treatment of status asthmaticus between April
1997 and June 2004. Children with chronic
medical conditions other than asthma were
excluded. Patients were identified from a pre-
viously existing database of ICU patients that
is maintained by the Division of Critical Care
for quality improvement purposes.

Children were classified as normal weight
(�95% weight-for-age percentile) or obese
(�95% weight-for-age percentile) based on
reference data collected by the National Cen-
ter for Health Statistics (17). We had planned
to determine the body mass index (BMI) as a
measure of obesity, but this was not calculated
due to a lack of retrospective data regarding
the height of the children involved in this
study. Weight-for-age z scores were calculated
using the CDC Epi Info software. Data were
collected regarding basic demographics, indi-
cations for therapy, duration and level of ther-
apy, duration of ICU and total hospitalization,
and medications received. Length of stay was
calculated from actual admission and dis-
charge times.

The Modified Pulmonary Index Score
(MPIS), a validated asthma severity score in
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Objectives: Childhood obesity contributes to a wide array of
medical conditions, including asthma. There is also increasing
evidence in adult patients admitted to the intensive care unit (ICU)
that obesity contributes to increased morbidity and to a prolonged
length of stay. We hypothesized that obesity is associated with
the need for increased duration of therapy in children admitted to
the ICU with status asthmaticus.

Design: Retrospective cohort study.
Setting: A tertiary pediatric ICU in a university-affiliated chil-

dren’s hospital.
Patients: We retrospectively examined data from all children

older than 2 yrs admitted to the ICU with status asthmaticus
between April 1997 and June 2004. Children were classified as
normal weight (<95% weight-for-age percentile) or obese (>95%
weight-for-age).

Interventions: None.
Measurements and Main Results: Of the 209 children admitted

to the ICU with asthma, 45 (22%) were obese. Compared with

children of normal weight, the obese children were older (9.7 �
4.4 vs. 8.0 � 4.3 yrs, p � .02), more likely to be female (60% vs.
37%, p < .01), and more likely to have been admitted to the ICU
previously (40% vs. 20%, p � .01). The obese children also had a
statistically significant difference in race (more likely to be His-
panic) and in baseline asthma classification (more likely to have
persistent asthma). Despite similar severity of illness at ICU
admission, obese children had a significantly longer ICU length of
stay (116 � 125 hrs vs. 69 � 57 hrs, p � .02) and hospital length
of stay (9.8 � 7.0 vs. 6.5 � 3.4 days, p < .01). Obese children also
received longer courses of supplemental oxygen, continuous al-
buterol, and intravenous steroids.

Conclusions: Childhood obesity significantly affects the health
of children with asthma. Obese children with status asthmaticus
recovered more slowly from an acute exacerbation, even after
adjustment for baseline asthma severity and admission severity
of illness. (Pediatr Crit Care Med 2006; 7:527–531)
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this population and in our institution (18),
was used to assess illness severity on admis-
sion. Asthma scoring systems are often used in
pediatric patients as a measure of severity of
illness due to the difficulty in obtaining reli-
able and reproducible measures of air flow
obstruction in critically ill children. Baseline
asthma severity was determined using the Na-
tional Institutes of Health asthma guidelines
that classify children with mild intermittent,
mild persistent, moderate persistent, and se-
vere persistent asthma based on frequency of
symptoms (19).

Although the treatment was not formally
protocolized, there were no significant
changes in practice during the study period,
nor were there significant changes in physi-
cian, nursing, or respiratory therapist staffing.
Four pediatric intensivists directed the ICU
care during this study period, three of whom
were the same throughout. The criteria for
discharge from the ICU did not change during
the study period. A patient was transferred
from the ICU to the ward when a) that patient
required bronchodilator therapy of �20 mg/hr
of continuous albuterol aerosol; b) supple-
mental oxygen was �40%; and c) the MPIS
was �10. At the study institution, patients
may be treated with continuous albuterol neb-
ulizer treatments on the ward.

Modified Pulmonary Index Score. The
MPIS is a pediatric asthma severity of illness
score used to quantify illness severity. The
MPIS has been shown to be highly reproduc-
ible among groups of medical professionals
(respiratory therapists, nurses, and physi-
cians) as well as among individuals within
each group (18). At our institution, the MPIS
is determined hourly by the nurse, respiratory
therapist, or physician as part of the basic
assessment of a child with status asthmaticus.
In the MPIS, six different categories are eval-
uated: oxygen saturation in room air, acces-
sory muscle use, inspiratory-to-expiratory ra-
tio, degree of wheezing, heart rate, and
respiratory rate. For each of these six mea-
surements or observations, a score of 0–3 is
assigned, resulting in a possible minimum
score of 0 and a maximum score of 18. In
general, scores �6 are associated with mild
asthma exacerbations, scores of 6–10 with
moderate asthma exacerbations, and scores
�10 with severe asthma exacerbations.

Statistical Analysis. Relationships between
obesity and outcomes were assessed using ap-
propriate parametric tests and statistics, in-
cluding chi-square and Student’s t-tests.
When variances were significantly unequal, a
Welch analysis of variance was used. Multiple
regression was used to determine the influ-
ence of obesity controlling for other potential
risk factors found to be significantly associated
with length of ICU stay. A p value of �.05 was
considered statistically significant. Data were
analyzed using the JMP statistical software
(version 5.0; Cary, NC). Before data collection,

we calculated that for an obesity prevalence of
20%, a sample size of 250 patients (i.e., 50
obese and 200 nonobese) would provide a
power of 88% to detect a 2-day decrease in ICU
length of stay with an SD of 5 days (based on
our previous studies). Results are reported as
mean � SD.

RESULTS

Patient Characteristics. Between Sep-
tember 1997 and June 2004, 209 children
with no other chronic medical conditions
were admitted to the ICU for status asth-
maticus. All charts were available for
analysis. Forty-five (22%) of these chil-
dren were obese. The distribution of
weight-for-age percentiles is in Figure 1.
There was a bell-shaped distribution of
the weight-for-age percentiles except at
the highest level. Very obese children
(weight-for-age percentile �97%) com-
prised 17% of the population and 80% of
these very obese patients were above the
�99% weight-for-age cutoff. There was
no statistical difference in frequency of
obesity over time (Fig. 2).

Demographic data are shown in Ta-
ble 1. Compared with nonobese chil-
dren, obese children with status asth-
maticus were older (9.7 � 4.4 vs. 8.0 �
4.3, p � .02), more likely to be female
(60% vs. 37%, p � .01), and more likely
to have been previously admitted to the
ICU (40% vs. 20%, p � .01). The obese
children also had a statistically signifi-
cant difference in race (more likely to
be Hispanic) and in asthma classifica-
tion (more likely to have persistent
asthma). Additional demographic data
are in Table 1. There was no difference
in the percent of children who reported
receiving chronic inhaled corticoste-
roid therapy before ICU admission.

Outcome Measures. Despite equiva-
lent severity of illness on ICU admission,
we found that obese children with status
asthmaticus had a significantly longer
ICU length of stay (116 � 125 vs. 69 � 57
hrs, p � .02) and hospital length of stay
(9.8 � 7.0 vs. 6.5 � 3.4 days, p � .01)
compared with nonobese children (Table
2 and Fig. 3). Obese children also re-

Figure 1. Weight-for-age distributions for the patient population.

Figure 2. Frequency (%) of obesity in children admitted to the intensive care unit according to year
of admission. There was no statistical difference in frequency of obesity over time (p � .09).
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ceived longer courses of supplemental ox-
ygen, continuous albuterol, and intrave-
nous steroids. The rate of clinical
improvement was also slower for obese

children compared with nonobese chil-
dren, as quantified by change in clinical
asthma score/time (change in MPIS/time
in ICU in hours 0.19 � 0.19 vs. 0.10 �

0.06, p � .001). There was no difference
in the percent of children with coexisting
pneumonia (22% vs. 22%).

To identify significant predictors of
ICU length of stay, a stepwise multiple
regression was done in two stages. By
univariate analysis, increased length of
stay was associated with age (p � .001),
previous ICU admission (p � .0005), se-
vere persistent asthma classification (p �
.0005), and admission MPIS (p � .0001).
Although patient race and gender were
associated with obesity, these factors
were not associated with increased length
of stay (p � .12 and p � .27, respectively).
The factors found to be significantly as-
sociated with ICU length of stay from the
univariate analysis were entered in a step-
wise procedure. Three of these (age, ad-
mission MPIS, and baseline asthma se-
verity) continued to be statistically
significant, all at p � .01. Entering obe-
sity into this model resulted in a statisti-
cally significant improvement over the
prediction achieved by the other factors
(p � .05). The overall regressions and the
increase in R2 were significant after the
addition of each factor (final R2 � .22).
The nonstandardized and standardized
regression coefficients and their associ-
ated p values for each of the final regres-
sion variables are shown in Table 3.

DISCUSSION

Obese children have increased health-
related problems compared with nono-
bese children. Childhood obesity is asso-
ciated with the development of
obstructive sleep apnea, type 2 diabetes
mellitus, early aortic and coronary artery
plaques, and significant orthopedic com-
plications, and it is the leading cause of
pediatric hypertension (20–22). In addi-
tion, childhood obesity is strongly asso-
ciated with adult obesity (20–22), which
also carries a significant risk of serious
medical complications that impair qual-
ity of life and lead to increased morbidity
and mortality (23, 24). In this study,
obese children with asthma admitted to
the ICU with status asthmaticus required
more intensive treatment and longer du-
rations of therapy than children of nor-
mal weight, despite adjustment for other
predictors including initial severity of ill-
ness and baseline level of asthma severity.

The link between asthma and obesity
is controversial (8, 9, 11, 12, 23, 25–29).
Although some clinicians believe that
obesity may contribute to the develop-
ment of asthma, associations with objec-

Figure 3. Kaplan-Meier curve of time to discharge from the intensive care unit (ICU) for obese and
nonobese children (p � .001 by log-rank test).

Table 1. Demographic data

Normal Weight
(n � 164)

Obese
(n � 45) p Value

Age 8.0 � 4.3 9.7 � 4.4 .02
Female gender, % 37 60 .01
Weight, kg 29 � 16 57 � 26 �.0001
Weight-for-age z scores 0.03 � 1.05 2.26 � 0.68 �.0001
Previous hospitalization, % 57 69 .17
Previous intensive care unit admission, % 20 40 .01
Previous intubation, % 8 9 .77
Public insurance, % 55 69 .13
Race, % .01

Hispanic 32 58
African American 27 16
Caucasian 39 27

Asthma class, % .02
Mild intermittent 35 22
Mild persistent 23 24
Moderate persistent 31 22
Severe persistent 12 31

Data expressed as mean � SD unless otherwise indicated.

Table 2. Hospitalization data

Normal Weight
(n � 164)

Obese
(n � 45) p Value

Admission Modified Pulmonary Index Score 13.7 � 2.2 14.2 � 1.5 .17
Hospital length of stay, days 6.5 � 3.4 9.8 � 7.0 .002
Intensive care unit length of stay, hrs 69 � 57 116 � 125 .02
Received intravenous terbutaline, % 59 67 .39
Duration intravenous terbutaline, days 4.1 � 2.4 4.9 � 3.6 .18
Duration continuous albuterol, days 4.4 � 2.4 6.5 � 3.8 .0005
Duration supplemental oxygen, days 4.4 � 2.6 7.1 � 4.7 .0003
Duration intravenous steroids, days 4.3 � 2.6 6.1 � 4.0 .004
Received magnesium, % 43 69 .002
Received noninvasive positive pressure, % 2 16 .002
Intubation, % 12 20 .22
Duration mechanical ventilation, days 4.5 � 3.4 7.4 � 9.2 .38
Discharge Modified Pulmonary Index Score 6.0 � 2.0 6.3 � 2.3 .41

Data expressed as mean � SD unless otherwise indicated.
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tive asthma-related indexes are less con-
sistent. The hormone leptin, a protein
produced by fat cells, has been linked to
hypoventilation associated with obesity
(29) and to asthma in children (27). Sev-
eral large studies have been performed,
some independently linking asthma and
obesity (8–9) and some finding no asso-
ciation (11–13). However, although obe-
sity has been associated with increased
subjective symptoms of asthma and
wheezing (26), increased medication use
(26), and increased emergency depart-
ment visits (26), obesity itself has not
been linked to airway hyperresponsive-
ness (25).

In this population, obese children also
had more persistent asthma and were
more likely to have been previously ad-
mitted to the ICU than nonobese chil-
dren. This difference could have poten-
tially affected primary and secondary
outcomes. However, more persistent
asthma and previous ICU admission were
not associated with increased ICU length
of stay. Data from this and a previous
study (18) indicate that admission MPIS
(i.e., severity of illness on admission)
most strongly correlated with ICU length
of stay and overall duration of hospital-
ization. Thus, similar illness severity on
admission in obese and nonobese chil-
dren might be expected to lead to similar
durations of hospitalization. However,
the differences found between the groups
in this study and the results of the mul-
tiple regression analysis suggest that
childhood obesity significantly affects the
course of pediatric status asthmaticus,
with slower rates of recovery and pro-
longed ICU and hospital lengths of stay in
obese children.

This study is limited by several factors.
Although we had intended to use the BMI
(the ratio of the weight in kilograms to
the square of the height in meters) to
quantify level of obesity, the lack of re-
corded height data precluded us from do-
ing so. There is a strong positive linear
correlation between the BMI and the per-
centage of body weight that is fat and a

growing consensus that a BMI �95th
percentile is a valid and clinically useful
definition of obesity (30, 31). It is possible
that children of above or below average
heights could have skewed the results of
this study. However, despite the limita-
tion of not accounting for height, weight-
for-age percentiles are the most com-
monly used indicator by pediatricians to
assess the size and growth patterns of
individual children in the United States
(32, 33). In addition, length of stay is an
outcome measure that is influenced by a
variety of confounding factors, including
bed availability, nursing staffing, and
time of day. However, the close associa-
tion in this study between ICU length of
stay and other outcome variables not as-
sociated with these confounders, such as
duration of continuous albuterol and
supplemental oxygen, suggests that ICU
length of stay is a valid outcome measure
in this study.

Despite the increased duration of hos-
pitalization found in this study, the rela-
tionship between childhood obesity and
increased hospitalization rates for asthma
is unclear. There are no published studies
looking at the relationship between obe-
sity and risk of hospitalization for an
asthma exacerbation in children. In a
random sample of 185 children followed
in the pulmonary clinic at our institution
for asthma, 34 children (21%) were
obese. This prevalence does not signifi-
cantly differ from that of obesity among
children admitted to the ICU with status
asthmaticus (22%) in our institution.
Studies are needed to determine whether
childhood obesity increases the risk of
hospitalization for children with asthma.

It is not possible to determine the po-
tential mechanisms responsible for the
association of obesity and increased du-
ration of therapy for status asthmaticus
in this study, given its retrospective na-
ture. However, there are several potential
explanations for this link. Obese children
may have previously undiagnosed con-
comitant processes related to their obe-
sity, such as upper airway obstruction or

gastroesophageal reflux, that lead to pro-
longed ICU length of stay and increased
durations of therapy. The incidence of
these processes is difficult to assess in
this retrospective trial, since we cannot
determine to what extent specific ques-
tions were asked to obtain this relevant
history. Another potential mechanism is
that obese children may have increased
ventilation/perfusion mismatching due to
atelectasis, possibly from lack of suffi-
cient respiratory effort given their in-
creased body habitus and resultant de-
creased chest wall compliance.
Prospective trials are needed to elucidate
the underlying pathophysiology behind
this association.

CONCLUSIONS

In this study, we found that obesity
was associated with increased duration of
hospitalization in children admitted with
status asthmaticus. Obese children ad-
mitted to the ICU with status asthmaticus
recovered more slowly from the acute
exacerbation, even after adjustment for
baseline asthma severity and admission
severity of illness. This study identifies an
important area in which obesity adversely
affects the health of children.
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