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Burden of Obesity on Pediatric Inpatients with
Acute Asthma Exacerbation in the United States
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What is already known about this topic? Obesity could be a potential risk factor of morbidity and mortality for pediatric
patients with asthma; however, the effects of obesity on asthma in children were inconsistent in the previous studies.

What does this article add to our knowledge? Obesity contributed to a higher odds ratio of mechanical ventilation, and
a gap of hospital charges between obese and nonobese inpatients with pediatric asthma in 2012.

How does this study impact current management guideline? More attention should be paid to control weight for
pediatric patients with asthma, because obesity could be a risk factor of morbidity and an economically complicating factor
for pediatric patients with asthma.
BACKGROUND: Obesity and asthma are common health
problems in the United States.
OBJECTIVE: The objective of this study was to evaluate the
clinical and economic burdens of obesity on hospitalized
children with acute asthma exacerbation in 2012.
METHODS: Hospital discharge records of patients aged 2 to 18
years with a diagnosis of asthma were obtained from the 2012
Kids’ Inpatient Database, wherein the data were compiled by the
Agency for Healthcare Research and Quality. The discharge
records were weighted to estimate the number of hospitalizations
because of asthma exacerbations in the United States. To classify
whether the patient was obese or not, we used the International
Classification of Diseases, Ninth Revision, Clinical Modification
code 278.0x. We compared the odds of using noninvasive or
invasive mechanical ventilation, mean total charges for inpatient
service, and length of hospital stay between obese and nonobese
patients.
RESULTS: A total of 74,338 patient discharges were extracted.
Of these, 3,494 discharges were excluded because of chronic
medical conditions. Using discharge weight variables, we
estimated a total of 100,157 hospitalizations with asthma
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exacerbations among children aged between 2 and 18 years in
2012. Obesity was significantly associated with higher odds of
using mechanical ventilation (odds ratio 1.59, 95% CI 1.28-
1.99), higher mean total hospital charges (adjusted difference:
$1588, 95% CI $802-$2529), and longer mean length of hospital
stay (0.24 days, 95% CI 0.17-0.32 days) compared with
nonobesity.
CONCLUSIONS: These findings suggest that obesity is a
significant risk factor of severe asthma exacerbation that
requires mechanical ventilation, and obesity is an
economically complicating factor. � 2016 American Academy
of Allergy, Asthma & Immunology (J Allergy Clin Immunol
Pract 2016;4:1227-31)
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Asthma and obesity are the most common chronic illness and
public health problems of children in the United States. The
prevalence of obesity is increasing, and several studies have
demonstrated an association between obesity and asthma in
children.1-8

Obesity could be a potential complicating factor with respect
to the treatment and control for asthma. Obese children with
asthma exhibited a poor control pertaining to asthma and greater
need of albuterol and oral corticosteroids for acute exacerbation,
were hospitalized more often, showed a decreased response to
inhaled corticosteroids, and had a lower quality of life compared
with nonobese children with asthma.9-12 Obese children with
severe asthma recovered more slowly from severe asthma exac-
erbation in the pediatric intensive care unit compared with
nonobese children with severe asthma.13 However, several
studies demonstrated the inconsistent results,14-16 and the asso-
ciation between obesity and severity of acute exacerbation
remains unclear.

This study aimed to investigate the association between
obesity and the use of mechanical ventilation for inpatients with
asthma exacerbation based on the 2012 Kids’ Inpatient Database
(KID). In addition, we evaluated the incremental hospitalization
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Abbreviations used

AD- A
topic dermatitis or eczema

AR- A
llergic rhinitis
DISCWT- D
ischarge weight variables

FA- F
ood allergy
ICD-9CM- In
ternational Classification of Diseases, Ninth Revision,
Clinical Modification
KID- K
ids’ Inpatient Database

LOS- L
ength of stay

OR- O
dds ratio

OSA- O
bstructive sleep apnea
charges and length of hospital stay between obese and nonobese
patients, compared with the charges and length of stay in 2000
and 2003.17,18

METHODS

Study population and participation
We conducted a retrospective cohort study comprising hospital-

ized patients with asthma exacerbation aged between 2 and 18 years
based on a national representative database (KID) for the year 2012,
wherein the data were compiled by the Agency for Healthcare
Research and Quality.19,20 KID is a large national all-payer hospital
pediatric discharge database. It is designed to generate robust
national estimates of annual pediatric hospitalizations and present
hospital use, outcome, and cost for children aged 20 years or
younger. The KID sampling frame was constructed based on all the
short-term, nonfederal, general, and specialty hospitals in the United
States that had more than 3 million pediatric discharges from 44
states that participated in the Healthcare Cost and Utilization Pro-
jects. Discharge weight variables (DISCWT) in KID were developed
using American Hospital Association target universe as the standard
to produce national or regional estimates of pediatric hospitaliza-
tions.17-20 We used DISCWT for all statistical analyses in this study
to obtain the national estimates of hospitalizations in the United
States.

Hospitalization discharge records were extracted from the KID
database in 2012, and hospitalizations with acute asthma exacerba-
tion were identified using the International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-9CM) code
(493.xx) in the primary diagnosis field, and weighted to estimate the
number of hospitalizations for the United States. Children with
chronic medical conditions other than asthma and obesity
(congenital heart, kidney, pulmonary, endocrine, hematologic,
gastrointestinal, and neurologic diseases; cancer or leukemia; and
autoimmune disease) were excluded.

Measurements of variables
Obesity was identified using ICD-9CM codes 278.0x in the

secondary diagnosis fields in the discharge records. These codes
captured obesity unspecified (278.00), overweight (278.01), and
morbid obesity (278.02). Age categories (2-6 years, 7-12 years, or
13-18 years), gender (male or female), race/ethnicity (black, His-
panic, white, or others [Asian and Pacific Islanders, Native Ameri-
cans, and other race/ethnicity]), primary payer information (private
or self-pay, Medicare or Medicaid, no insurance or no information),
comorbidities of obstructive sleep apnea (OSA), allergic rhinitis
(AR), atopic dermatitis or eczema (AD), and food allergy (FA) were
collected as binary or categorical covariates.
Outcomes

The outcomes of interest were total charge for inpatient service in
2012 US dollars, length of hospital stay, and use of mechanical
ventilation (noninvasive or invasive). Use of mechanical ventilation
was identified by the ICD-9 procedure codes 93.90 and Clinical
Classification Software code 216.

Statistical analysis
Descriptive statistics, including mean � SD, and frequencies for

continuous and categorical data were analyzed for all patients with
obesity. A two-sample t-test and c2 test were used to compare
characteristics of obese and nonobese patients. We conducted a
multivariable logistic regression to identify the association between
obesity and the use of mechanical ventilation. Multiple linear
regression was used to assess the relationships between obesity and
mean total charge for inpatient services and length of hospital stay.
For the adjustment, we added all variables listed above (age, gender,
race/ethnicity, primary payer information, comorbidities of OSA,
AR, AD, FA, types of admission, and hospital size) into the logistic
and linear regression models. For the analysis, the log trans-
formations of total charges and length of hospital stay were necessary
to ensure the validity of the error-term normality assumption.
Results were adjusted for covariates and reported with 95% confi-
dence intervals. Two-sided P < .05 was considered statistically sig-
nificant for all tests. Data were analyzed using Stata version 14.1
(StataCorp LP, College Station, Tex).

RESULTS
We identified a total of 74,338 patient discharges for acute

asthma exacerbations in 2012. Of these, 3,494 discharges were
excluded because of chronic medical conditions other than
asthma and obesity. Data were analyzed from the remaining
70,844 discharges. Using DISCWT, we estimated a total of
100,157 hospitalizations with asthma exacerbations among
children aged between 2 and 18 years in the entire United States,
2012. The patient characteristics for obesity are summarized in
Table I. Obesity accounted for 3.58% of all hospitalized chil-
dren. Obese children had a higher mean age than nonobese
children. Compared with white children, the proportion of
obesity was significantly greater in black and Hispanic children
(P < .001), and black children had the highest proportion of
obesity. There was a statistically significant difference in the
proportion of obese patients with respect to gender, race/
ethnicity, and primary payer information. Obese children had
higher frequencies of comorbidities such as OSA, FA, AD, and
AR.

We used a multivariable logistic regression to analyze the odds
of using a mechanical ventilator, comparing obese and nonobese
children. The crude odds ratio (OR) of noninvasive or invasive
mechanical ventilation comparing obese and nonobese children
was 3.22. After adjusting for covariates, the OR remained sig-
nificant (OR 1.59, 95% CI 1.28-1.99, P < .001).

To identify total charges for inpatient service and length of
stay (LOS) in hospitals, multiple linear regression analyses were
performed with and without adjustment for covariates. Crude
analysis showed that mean total charges for inpatient service
among obese children were $3445 higher than those for inpa-
tient service among nonobese children (95% CI $2471-$4576,
P < .001). After adjustment for covariates, the difference was
$1588 (95% CI $802-$2529, P < .001). Based on crude
analysis, the LOS for obese children was 0.41 days longer than



TABLE I. The patient characteristics between obesity and nonobesity by age, gender, race/ethnicity, past medical history, and primary
payer information

Total Obese No obese P value

Total 100,157 3,584 96,573

Mean age (SD) 6.70 (6.64-6.76) 10.6 (10.4-10.8) 6.6 (6.5-6.6) <.001

Age 2-6 y 55,524 (54%-56%) 640 (16%-20%) 54,884 (57%)

Age 7-12 y 33,976 (32%-35%) 1,764 (44%-55%) 32,213 (33%-34%)

Age 13-18 y 10,657 (10%-11%) 1,180 (30%-36%) 9,476 (10%) <.001

Female 38,421 (38%) 1,644 (41%-51%) 36,777 (38%) <.001

Race/ethnicity

Hispanic 20,902 (19%-23%) 911 (22%-30%) 19,991 (21%)

Black 34,203 (32%-37%) 1,406 (35%-44%) 32,797 (34%)

Whites 30,126 (28%-32%) 750 (19%-23%) 29,377 (30%-31%)

Others 14,295 (12%-18%) 517 (13%-17%) 14,407 (15%) <.001

Past medical history

OSA 914 (0.8%-1.0%) 458 (12%-14%) 456 (0.4%-0.5%) <.001

FA 4,957 (4%-6%) 200 (4%-7%) 4,757 (5%) <.001

AD 11,104 (10%-12%) 500 (12%-16%) 10,603 (11%) <.001

AR 2,555 (2%-3%) 182 (4%-6%) 2,372 (2%) <.001

Primary payer information

Private/self-pay 37,154 (35%-39%) 1,041 (26%-33%) 36,112 (37%-38%)

Medicare/Medicaid 59,483 (58%-61%) 2,430 (62%-74%) 57,053 (59%)

No or others 3,521 (3%-4%) 113 (2%-4%) 3,407 (3%-4%) <.001

AD, Atopic dermatitis or eczema; AR, allergic rhinitis; FA, food allergy; OSA, obstructive sleep apnea; SD, standard deviation.
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that for nonobese children (95% CI 0.33-0.49, P < .001).
Adjusted analysis revealed that the LOS for obese children
was 0.24 days longer than that for nonobese children (95% CI
0.17-0.32, P < .001).

We conducted subgroup analysis to assess the effects of obesity
on the use of mechanical ventilation by age, gender, and
comorbidities of OSA, AR, AD, and FA (Table II). We observed
no interaction between obesity and age, gender, comorbidities of
OSA, AR, and FA. In terms of the effect of obesity on total
charges of inpatient service, there was an only significant inter-
action between obesity and age (P ¼ .02) (Table III).
DISCUSSION

We investigated the burden of obesity on asthma exacerbation
in a pediatric inpatient population based on a nationally repre-
sentative database, KID, in 2012.19,20 To the best of our
knowledge, this is the first report demonstrating that obese
children showed significantly higher odds of requiring mechan-
ical ventilation than nonobese children. Hospitalized obese
children showed higher mean total chargers and longer LOS in
hospitals than nonobese children.

Our study revealed that obesity was significantly associated with
the use of mechanical ventilation among hospitalized children
with acute asthma exacerbation. Several studies have previously
indicated that obesity was associated with increased airway
obstruction and inflammation in patients with asthma.21-25 These
previous studies support our findings that obesity leads to an
altered pulmonary physiology and greater illness severity, resulting
in the use of mechanical ventilation.

The prevalence of obesity and the frequency of obesity-
associated hospitalizations continue to grow, and the economic
burden of obesity is increasing even among children and
adolescents.26,27 However, the economic effects of obesity on
pediatric asthma are still controversial.27 Bettenhausen et al27

reported that total charges for inpatient service of status asth-
maticus were not significantly different between obese and
nonobese children. On the other hand, Woolford et al13,17 found
that the mean total hospital charges for obese inpatients with
asthma were significantly higher than those for nonobese
inpatients with asthma (difference: $1963 in 2000, $2145 in
2003) using KID. Our results showed that the difference of total
charges between obesity and nonobesity in 2012 ($1588) was
significant; however, the difference was smaller than those in
2003 and 2000.13,17 The negative results by Bettenhausen et al
could be explained by relatively small sample sizes from a few
hospitals in a small area compared with our studies from KID,
which allowed us to estimate hospitalizations in the entire United
States.

A previous study reported that several factors, such as OSA,
gender, older age, and obesity, were significantly associated with
prolonged length of hospital stay for patients with asthma
exacerbation.28 We found that obese children hospitalized with
asthma were more likely to stay at the hospital longer than
nonobese children (adjusted difference of mean LOS: 0.24
[0.17-0.32] days). The difference of mean LOS between obesity
and nonobesity in our study was similar to Woolford’s results;
however, the difference in 2012 was smaller than that in 2003
(0.44 days) and in 2000 (0.59 days). These incremental differ-
ences between total charges and LOS may be explained by
evaluation or nutrition consultations related to obesity, the
technical difficulty and complexity of procedures such as intra-
venous catheter placement and airway management, complica-
tions such as secondary infections, and greater severity of asthma.

There are some limitations to this study. The number of
hospitalization may have been overestimated because of the



TABLE II. Sensitivity analysis for the effects of obesity on ORs of use of mechanical ventilation with respect to age, gender, OSA, AR,
AD, and FA

Obese (%) Nonobese (%) Adjusted OR 95% CI P value

Age

2-6 y 22/640 (3.5) 622/54,884 (1.1) 2.42 1.43-4.09

7-12 y 77/1,764 (4.4) 611/32,213 (1.9) 1.62 1.18-2.20

12-18 y 82/1,180 (7.0) 339/9,476 (3.6) 1.42 1.01-1.99 .56

Gender

Male 97/1,941 (5.0) 900/59,795 (1.5) 1.55 1.18-2.04

Female 84/1,644 (5.1) 671/36,777 (1.8) 1.73 1.19-2.49 .45

Obstructive sleep apnea

OSA 75/458 (16.3) 27/456 (5.9) 3.33 1.45-4.29

No OSA 107/3,126 (3.4) 1,544/96,117 (1.6) 1.48 1.12-1.98 .45

Allergic rhinitis

AR 16/182 (9.0) 46/2,372 (1.9) 3.33 1.31-8.46

No AR 165/3,402 (4.9) 165/94,200 (0.2) 1.53 1.22-1.93 .16

Eczema or atopic dermatitis

AD 15/500 (3.0) 173/10,603 (1.6) 1.69 1.32-2.16

No AD 211/3,084 (6.8) 1,751/85,969 (2.0) 1.18 0.66-2.12 .03

Food allergy

FA 14/200 (7.0) 135/4,757 (2.8) 1.42 0.74-2.73

No FA 167/3,384 (4.9) 1,436/91,816 (1.6) 1.62 1.29-2.04 .49

AD, Atopic dermatitis or eczema; AR, allergic rhinitis; CI, confidence interval; FA, food allergy; OR, odds ratio; OSA, obstructive sleep apnea; SD, standard deviation.

TABLE III. Sensitivity analysis for the differences of total charges between obesity and nonobesity by age, gender, OSA, AR, AD, and FA

Obese (mean) No obese (mean) Adjusted difference 95% CI P value

Age

2-6 y $12,942 $9,394 $2,187 $1,208-$3,356

7-12 y $14,173 $11,225 $1,688 $740-$2,835

12-18 y $13,229 $11,751 $594 $�98-$1,429 .02

Gender

Male $13,585 $10,001 $1,723 $838-$2,775

Female $13,695 $10,506 $1,514 $629-$2,560 .19

Obstructive sleep apnea

OSA $19,220 $15,045 $3,755 $1,245-$7,799

No OSA $12,964 $10,172 $1,549 $740-$2,499 .65

Allergic rhinitis

AR $12,490 $10,538 $918 $�835-$3,717

No AR $13,698 $10,182 $1,612 $840-$2,515 .36

Atopic dermatitis

AD $14,149 $11,127 $1,389 $�107-$3,435

No AD $13,553 $10,082 $1,624 $864-$2,510 .25

Food allergy

FA $15,849 $12,043 $1,101 $�669-$3,734

No FA $13,516 $10,105 $1,616 $851-$2,509 .56

AD, Atopic dermatitis or eczema; AR, allergic rhinitis; CI, confidence interval; FA, food allergy; OSA, obstructive sleep apnea.
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inclusion of hospitalizations for children who may not have had
asthma, but may have had bronchitis or pneumonia. Detailed
clinical information such as baseline severity and use of medi-
cation was unknown in the database. Possible miscoding or
misclassification of obesity may have underestimated the total
number of inpatients with obesity, and the effects of obesity on
the outcomes of interest may be biased, although the proportion
of obesity in our study (3.6%) was higher than those in Wool-
ford’s results (1.4% in 2000 and 2.1% in 2003). A unique
feature of this study was the use of KID, a national pediatric
inpatient database, to examine asthma hospitalizations among
children in the United States. On the basis of KID, we were able
to calculate robust national estimates of asthma hospitalizations
and the burden of obesity on hospitalized patients with asthma.
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In summary, obesity was significantly associated with
severity for pediatric inpatients with asthma exacerbation as
demonstrated by increased risk for ventilation, length of hos-
pital stay, and hospital charges. Our analysis indicated a gap of
incremental hospital charges between obese and nonobese in-
patients with asthma. These findings illustrate the importance
of the prevention of obesity for both clinicians and health care
payers.
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