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The association of obesity and asthma severity and control

in children

Kenneth B. Quinto, MD, MPH,? Bruce L. Zuraw, MD,** Kwun-Yee T. Poon,® Wansu Chen,® Michael Schatz, MD, MS,*“ and
Sandra C. Christiansen, MD?¢ [a Jolla, San Diego, and Pasadena, Calif

Background: The association between obesity and asthma
severity and control in children is not well understood.
Objective: The objective of this study was to examine the
association of childhood body mass index (BMI) percentile for
age of 85% or greater with the number of (3-agonist canisters
dispensed, corticosteroid courses, emergency department visits,
and hospitalizations for asthma.

Methods: A retrospective cohort of 32,321 children aged 5 to 17
years and given a diagnosis of asthma who received at least

1 asthma (controller or rescue) medication and were enrolled in
Kaiser Permanente from 2004-2008 was identified. Outcomes
from electronic medical records included [3-agonist canister and
nebulizer units dispensed per year, hospitalizations and
emergency department visits for asthma exacerbations, and oral
corticosteroid courses. Potential confounding factors known to
influence asthma outcomes were also collected: demographics,
parental education level, asthma controller use,
gastroesophageal reflux disease diagnosis, and diabetes mellitus
diagnosis. Multiple logistic regression models were used to
measure the independent association of BMI status with
outcomes.

Results: Even after adjusting for demographics, parental
education level, asthma controller use, and gastroesophageal
reflux disease and diabetes mellitus diagnoses, overweight (BMI
percentile for age, 85% to 94%) and obese (BMI percentile for
age, >95%) children were more likely to have increased
B-agonists dispensed (odds ratio of 1.15 [95% CI, 1.02-1.27] and
odds ratio of 1.17 [95% CI, 1.06-1.29], respectively) and
increased risk for oral corticosteroids dispensed (odds ratio

of 1.21 [95% CI, 1.13-1.29] and odds ratio of 1.28 [95% CI,
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1.21-1.36], respectively) compared with normal-weight (BMI
percentile for age, 16% to 84%) children.

Conclusions: Our findings suggest that childhood obesity is
associated with an increased risk of worse asthma control and
exacerbations. (J Allergy Clin Immunol 2011 ;uuN: ENN-EEN,)

Key words: Asthma, childhood obesity, risk for exacerbation,
asthma control, B-agonists dispensed, oral corticosteroid courses

The prevalence of obesity and asthma in the United States has
increased over the past 20 to 30 years in both adults and children.
In adults, the National Health and Nutrition Examination surveys
show that the prevalence of obesity (body mass index [BMI]
>30 kg/m?) has increased from 15.0% between 1976 and 1980 to
32.9% in 2003 to 2004." Since 1980, the number of overweight
children has doubled, whereas the number of overweight adoles-
cents has more than tripled.” The number of children aged 2 to 19
years who are considered obese is currently estimated at 16%.’
During this time period, asthma has also showed a dramatic in-
crease in prevalence in the US population. The prevalence of
asthma in the United States has more than doubled, with an in-
crease from 3.1% in 1980 to 7.1% in 2004 and increased preva-
lence in children (8.5%) compared with adults (6.7%).*

Epidemiologic studies have shown that obesity serves as a
modifier for asthma risk. In one of the earlier studies, Shaheen
et al® found that the prevalence of asthma increased with increas-
ing adult BMIL In a prospective study conducted by Camargo
et al,® the investigators found a significant relationship between
BMI and the incidence of asthma using data from the Nurses’
Health Study. In addition, that study also demonstrated that
women with weight gain during a 4-year span experienced an in-
creased risk of asthma in a dose-dependent manner.® Overweight
and obese children also displayed this increased asthma risk. Gold
etal’ showed that boys and girls in the top quintile of annual BMI
growth rates displayed increased risks of incident asthma. The in-
creased risk for incident asthma in overweight children was also
found in a study by Gilliland et al®

With the association between asthma development and obe-
sity established, the effect of obesity on asthma severity and
control began to be investigated. In a study conducted by Mosen
et al,” obese adults were more likely to have worse quality of
life, poorer asthma control, and increased risk of asthma-
related hospitalizations compared with their nonobese counter-
parts. In another study by Taylor et al,'® adult obese asthmatic
subjects experienced more continuous asthma symptoms, had
increased rescue and controller medication use, and reported in-
creased asthma-related work absenteeism. However, the effect
of pediatric obesity on asthma severity and control has not
been as well studied. In a study performed by Tantisira et al,!!
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there was no relationship found between BMI and asthma
outcomes, such as corticosteroid use, emergency department
(ED) care, hospitalizations, and school absenteeism. In a study
conducted by Michelson et al,12 there was an association found
between BMI and asthma severity, whereas another study by
Kattan et al'® demonstrated an association between BMI and
asthma severity only in girls. To further clarify the effect of
obesity on asthma severity and control in children, we sought to
examine the effect of childhood obesity on asthma-related out-
comes, including [3-agonist canisters dispensed per year, number
of corticosteroids courses for exacerbations, ED visits for asthma,
and hospitalizations for asthma. We examine these relationships
adjusting for selected demographic variables, asthma controller
use, and gastroesophageal reflux disease (GERD) and diabetes
mellitus (DM) diagnoses.

METHODS
Study subjects

Study subjects were members of the Southern California region of Kaiser
Permanente. Health plan members were eligible for the study if they were
children aged 5 to 17 years given a diagnosis of asthma by a health care
provider, had at least 1 asthma (controller or rescue) medication filled within
the study period, and were enrolled in Kaiser Permanente from 2004 to 2008
for at least 2 years. The first 12 months the subjects were eligible for the study
was considered the index year. After the index year, the following 12 months
and time afterward until the end of December 2008 was defined as the follow-
up period. Children given a diagnosis of immunodeficiency, cystic fibrosis, or
cardiac disease were excluded from the study. A search of more than 1,000,000
electronic medical records identified 32,321 patients who met these criteria.
The study was approved by the Kaiser Permanente Southern California
Institutional Review Board.

Predictors and outcomes

The primary predictor variable, BMI, was analyzed both as a continuous
variable and as a categorical variable. By using clinic-obtained height and
weight measurements at the beginning of the index year, BMI percentile for
age as a continuous variable was calculated based on Centers for Disease
Control and Prevention growth charts. On the basis of Centers for Disease
Control and Prevention recommendations, children with a BMI percentile for
age between 16% and 85% were classified as the normal BMI group, children
with a BMI percentile for age of between 85% and 94% were classified as
overweight, and children with a BMI percentile for age of 95% or greater were
classified as the obese group.

Secondary predictor variables included the following: age, sex, race/
ethnicity, census block (based on address)—defined highest grade in school
completed by parents (high school diploma or less or greater than high school
diploma), census block—defined household income (less or more than the
national income median $44,512), asthma controller use, GERD, and DM. All
secondary predictor variables were collected during the index year, except for
the diagnoses of GERD or DM, for which any time during the study period was
considered a positive response. A child who had a prescription filled for
inhaled corticosteroids, montelukast, or theophylline at any time within the
study period was considered to have asthma controller use.
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The primary outcome was weighted 3-agonist canister and nebulizer units
dispensed per year. Weighted -agonist canister and nebulizer units per year
were calculated as follows:

Number of canisters of albuterol metered-dose inhalers + 0. 8 * (number of
20-mL vials of 0.5% nebulizer solution) + 0. 02 * (number of 3-mL vials of
0.083% albuterol nebulizer solution).

3-Agonist units were analyzed as both a continuous variable and dichoto-
mized at 6 based on a prior study conducted by Schatz et al."* Secondary out-
comes included hospitalizations for asthma exacerbations, visits to the ED for
asthma exacerbations, and oral corticosteroid dispensing linked to visits in which
asthma was coded as the primary diagnosis. Because of the low number of hos-
pitalizations and ED visits, these outcomes were combined as any asthma hos-
pitalization or ED visit and expressed as a dichotomous (yes/no) variable. All
primary and secondary outcome data were collected during the follow-up period.

Data analyses

All analyses were performed with SAS software (SAS Institute, Inc, Cary,
NC). Nominal statistical significance was set at a P value of less than .05 for all
analyses. Multiple linear or logistic regression models were constructed to an-
alyze the independent effect of BMI status (expressed as a categorical or con-
tinuous variable, as described above) on asthma outcomes after adjustment for
possible confounding factors. Each outcome measure was regressed on BMI
status, adjusting for the following covariates: demographics (ie, age, sex,
race/ethnicity, and parental education level), controller use, GERD, and
DM. Because of high collinearity between parental education level and house-
hold income, household income was not included in the regression models.

In these models, age was analyzed as a continuous variable, whereas sex,
race/ethnicity, parental education level (less than high school vs greater than
high school), GERD (yes vs no), any controller medication dispensing (yes vs
no), and DM (yes vs no) were analyzed as dichotomous measures. Linear
regression was used for the continuous outcome variable (number of weighted
B-agonist units dispensed), and logistic regression was used for dichotomous
outcomes (3-agonists >6, asthma ED visit or hospitalization, and any oral
corticosteroid dispensings). Interaction terms tested included BMI category
with sex, race, parental educational level, and asthma controller use.

RESULTS
Sample characteristics

As shown in Table I, study subjects were more likely to be male
(56.8% male and 43.2% female) and primarily white (21.1%), Af-
rican American (14.4%), or Hispanic (32.9%). There were a
larger number of subjects aged 5 to 11 years (59%) compared
with 12 to 17 years (41%). There were slightly more overweight
and obese children in the cohort (49.3%) than normal-weight chil-
dren (49.1%). The rates of overweight and obese children in this
cohort are similar to those of another Kaiser Permanente study of
children in the southern California area.'> Almost the entire co-
hort, 99.97% of subjects, used asthma controller medications.

Boys and girls showed similar rates of being overweight or
obese (50.1% and 47.1% respectively). African American
(51.1%) and Hispanic (56.7%) children were more likely to be
overweight or obese in comparison with white children (41.5%).
There were higher rates of overweight or obese status in children
aged 5 to 11 years (51.6%) compared with those aged 12 to 17
years (46.0%). Children whose parents obtained less than a high
school diploma had higher rates of overweight or obese status
(58.0%) compared with children whose parents obtained an
education beyond a high school diploma (47.9%).

Association of BMI status with outcome measures
BMI status was significantly associated with [3-agonist unit
dispensing and oral corticosteroid dispensing in both unadjusted
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TABLE I. Demographics and characteristics of the cohort
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Weight class
Underweightt Normal weight* Overweight8 Obese}
Total n n Percent n Percent n Percent n Percent

All 32,321 544 1.7 15,850 49.1 6,228 19.3 9,699 30.0
Gender

Boys 18,361 307 1.7 8,704 47.4 3,394 18.5 5,956 324

Girls 13,960 237 1.7 7,146 51.1 2,834 20.3 3,743 26.8
Age (y)

5-11 19,057 328 1.7 8,903 46.7 3,648 19.1 6,178 324

12-17 13,264 216 1.6 6,947 52.4 2,580 19.5 3,521 26.6
Race/ethnicity

Caucasian 6,812 133 2.0 3,843 56.4 1,274 18.7 1,562 22.9

Hispanic 10,624 133 1.3 4,462 42.0 2,117 19.9 3,912 36.8

African American 4,653 72 1.6 2,202 47.3 933 20.1 1,446 31.1

Asian 1,707 54 32 943 55.2 289 16.9 421 24.7

Other 678 11 1.6 335 494 117 17.3 215 31.7

Unknown 7,847 141 1.8 4,065 51.8 1,498 19.1 2,143 27.3
Parental education level

HS diploma or less 4,673 50 1.1 1,914 40.1 876 18.8 1,833 39.2

Greater than HS diploma 27,648 494 1.8 13,936 50.4 5,352 194 7,866 28.5
Controller use 32,310 544 1.7 15,846 49.0 6,225 19.3 9,695 30.0

CDC, Centers for Disease Control; HS, high school.
*16th-84th percentile of CDC growth chart.

T<15th percentile of CDC growth chart.

1>95th percentile of CDC growth chart.

§85th-94th percentile of CDC growth chart.

TABLE Il. Odds ratios for asthma outcomes based on weight classification

Outcomes

26 B-agonist units
dispensed per year

Oral corticosteroid dispensed

ED visit or hospitalization

OR (95% Cl)

OR (95% Cl) OR (95% ClI)

Crude

Adjusted* Crude Adjusted*

Crude Adjusted*
BMI status
Overweightf 1.14 (1.02-1.27) 1.15 (1.02-1.29)
Obeset 1.23 (1.12-1.35) 1.17 (1.06-1.29)

1.18 (1.11-1.26)
1.27 (1.20-1.34)

1.21 (1.13-1.29)
1.28 (1.21-1.36)

1.10 (1.03-1.18)
1.12 (1.06-1.19)

1.07 (0.99-1.15)
1.04 (0.98-1.11)

CDC, Centers for Disease Control; OR, odds ratio.

*Adjusted for age, gender, race, parental education level, asthma controller use, GERD diagnosis, DM diagnosis.

+>95th percentile of CDC growth chart.
185th-94th percentile of CDC growth chart.

and multivariate analyses (Table II). BMI status was associated
with hospitalizations for asthma and ED visits for asthma in the
univariate analyses but not in the multivariate analysis.

Mean B-agonist units dispensed per year increased linearly
with BMI status (P <.001, multiple linear regression; Fig 1). We
performed additional analysis to discover whether there might be
a dose-dependent relationship between BMI and asthma control
and risk for exacerbation. Using a baseline value of 10% BMI per-
centile for age, we found that for every 10% increase in BMI per-
centile for age greater than 10%, there was a small but significant
0.3% and 0.4% increased risk of greater than 6 units/y of [3-ago-
nist dispensed and dispensing of oral corticosteroids, respectively
(Table III). Using a baseline value of 20% BMI percentile for age
did not change the findings (data not shown). In addition, several
other covariates were associated with worse asthma control and
risk for exacerbation, including female sex, older age, and asthma
controller medication use, whereas other covariates, including

GERD diagnosis, DM diagnosis, and parental education level,
were not associated with these outcomes (Table III). African
American and Hispanic children had a 64% and 19% increased
risk of an asthma hospitalization or ED visit, respectively
(Table III), whereas African American children had a 44% in-
creased risk of high (>6) B-agonist unit dispensings per year
(Table III). When evaluated, interaction terms, including BMI
category with sex, race, parental educational level, and asthma
controller use, were not found to be significant in the models
(data not shown).

DISCUSSION

Increased BMI has been associated with an increased incidence
of asthma in children,7’8 but the association between BMI status
and asthma control and exacerbations in children has been less
well defined. This study found that being overweight and obese
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FIG 1. Mean weighted B-agonist units dispensed per year by BMI status.
The difference was significant (P < .001). There seemed to be a linear rela-
tionship between mean weighted canister units dispensed per year and
BMI category.

as a child is associated with increased risk of worse asthma con-
trol and asthma exacerbations as measured by 3-agonist units dis-
pensed per year and oral corticosteroid dispensing. We also
discovered that there was a small linear association between in-
creasing BMI status and increasing number of (3-agonist units dis-
pensed per year. Our findings are the first to show that childhood
obesity is associated with worse asthma control and increased risk
for exacerbation independent of sex, age, race, asthma controller
use, parental education level, GERD diagnosis, and DM diagno-
sis. Mosen et al® helped establish this relationship in adults. The
evidence in children is less understood. In 2 studies published by
Kattan et al'> and Michelson et al,'? hi gher BMI in childhood was
associated with increased asthma severity; however, a study con-
ducted by Tantisira et al'! in children did not find this relationship.
The differences in outcomes found between our study and the
Tantisira et al study might be due to the different outcome mea-
sures used; the large number of children included in our study,
which increased study power; or the large proportion of our cohort
who were overweight or obese (49.3%). This study is also the first
to suggest that there might be a small dose-dependent association
of BMI in childhood on asthma control and risk for exacerbation.
Although the dose-dependent association between BMI percen-
tile for age and increased risk of greater than 6 units/year of
[3-agonist dispensed and dispensing of oral corticosteroids was
significant, it is unlikely to be of clinical relevance given the small
increase in risk (0.3% and 0.4%, respectively). In addition, there
was no association found between overweight and obese children
and increased risk for ED visits and inpatient hospitalizations for
exacerbations. This might be due to the low occurrence of ED
visits (3546) and hospitalizations (801) for asthma exacerbations
experienced by this particular cohort.

There have been various mechanisms proposed for the differ-
ences in asthma control and severity seen in obese and nonobese
asthmatic subjects. A proinflammatory factor produced by adi-
pocytes, leptin, has been shown in a murine model to significantly
increase airway reactivity and total serum IgE levels,'® but in hu-
man subjects leptin has not been associated with asthma.'” An-
other proposed mechanism for the differences seen in obese
asthmatic subjects and their nonobese counterparts is the mechan-
ical effect of extra weight on the lungs. Pulmonary compliance is
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reduced in obese subjects, which produces a subjective increase in
dyspnea1 8 and might increase the use of their asthma medications.
Boulet and Franssen'’ reported that obese asthmatic subjects trea-
ted with inhaled corticosteroids were less likely to achieve asthma
control when compared with nonobese asthmatic subjects. The
impaired glucocorticoid sensitivity seen in obese asthmatic sub-
jects compared with nonobese asthmatic subjects”® might explain
the observation that obese asthmatic subjects have increased use
of asthma medications, including inhaled glucocorticoids, the
mainstay of therapy for asthma. In our study nearly all patients
were receiving controllers, especially inhaled corticosteroids
(Table I), but we could not evaluate responsiveness to inhaled cor-
ticosteroids in this cohort.

The role of sex and its effect on asthma in those who are
overweight and obese is controversial. There have been several
studies that have shown a similar positive relationship between
BMI and incident asthma in both men and women,zl’22 but other
studies have suggested that the increased risk for asthma is stron-
ger in women.”? In the current study girls exhibited an in-
creased risk for exacerbations and worse asthma control
independent of BMI status. Castro-Rodriguez et al*® found that
the prevalence of asthma in obese girls was increased in those
who underwent early menarche. Aromatase, the enzyme respon-
sible for converting androgen into estrogen, is present in adipose
tissue. It has been proposed that obesity might disrupt the produc-
tion of hormones related to puberty and that these hormones lead
to disruption of lung development and regulation of airway tone in
pubertal girls. This hypothesis could help partially, but not fully,
explain the increased risk for exacerbations and worse asthma
control for girls found in this study. However, the increased
asthma morbidity associated with increased BMI in this study
was independent of sex.

In the current study it was found that various ethnic back-
grounds demonstrated different risks for asthma control and
exacerbations. In our cohort, Hispanic and African American
children account for a disproportionate burden of obesity,
whereas African American children seem to be more severely
affected by asthma morbidity, as measured by ED visits, hospi-
talizations, and (3-agonist units dispensed. Health care access has
been thought to be a reason for health outcome disparities seen
between different ethnic groups. It is interesting to note that these
results remained significant despite equal member access to
health care in the Kaiser Permanente system. The asthma
outcomes among various ethnic groups were also not influenced
by parental education level, a marker for socioeconomic status,
and BMI remained an independent risk factor for asthma severity
in the adjusted multivariate analyses. Although there seems to be
no additive effect of different ethnic groups and obesity on asthma
outcomes because no interactions were found, it is possible that
there are different views between ethnic groups with regard to
medical care, nutrition, obesity, and physical activity levels that
might contribute to the disproportionate risks seen in these
various ethnic groups.

This study does have several limitations. First, this study is
retrospective in nature, thereby introducing potential bias. How-
ever, clinical and pharmaceutical information was collected at the
time of each clinic and pharmacy visit, reducing recall bias. In
addition, the use of an electronic database consisting of all
medical and pharmaceutical information for members within the
Kaiser Permanente Southern California network reduced the
effect of selection bias and allowed formation of a large cohort
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TABLE lll. Full logistic regression model with BMI expressed as a continuous variable

Outcomes

>6 B-agonist units dispensed per year

Oral corticosteroid dispensed ED visit or hospitalization

OR (95% Cl)

OR (95% Cl) OR (95% Cl)

BMI per 10% increases 1.003 (1.001-1.005)

1.004 (1.003-1.005) 1.00 (0.99-1.01)

Boys 0.82 (0.75-0.90)
Age 1.06 (1.05-1.08)
Hispanic 0.99 (0.87-1.12)
African American 1.43 (1.24-1.64)
Asian 1.02 (0.82-1.27)
Other 1.07 (0.78-1.46)
Unknown 0.83 (0.72-0.95)

Parental education HS diploma or less

GERD diagnosis
DM diagnosis
Controller use

0.99 (0.87-1.13)
1.05 (0.87-1.28)
1.10 (0.68-1.78)
1.06 (1.06-1.07)

0.86 (0.81-0.90)
1.10 (1.09-1.11)
0.89 (0.83-0.96)
0.94 (0.87-1.03)
0.79 (0.69-0.89)
0.88 (0.74-1.05)
0.74 (0.68-0.80)
0.97 (0.90-1.06)
1.08 (0.96-1.21)
0.79 (0.58-1.07)
1.06 (1.06-1.06)

1.00 (0.94-1.06)
1.04 (1.03-1.05)
1.19 (1.10-1.28)
1.64 (1.51-1.79)
0.88 (0.77-1.00)
1.52 (1.28-1.82)
0.37 (0.34-0.41)
1.08 (1.00-1.17)
1.58 (1.41-1.77)
1.59 (1.19-2.13)
1.03 (1.02-1.03)

HS, High school; OR, odds ratio.

followed for at least 2 years or longer. Another limitation of the
observational cohort study design is that it allows for investigation
of an association between childhood obesity and asthma severity
but cannot prove causal mechanisms.

A second limitation of the study is that spirometric measure-
ments that confirmed the diagnosis of asthma were not obtained.
The initial association between incident asthma and obesity was
primarily obtained through epidemiologic cross-sectional studies.
The relationship between incident asthma and obesity has also
been shown in studies that had strict definitions for asthma,
including spirometric and bronchial provocation test results
confirming asthma, such as the study conducted by Ronmark
et al.?” It has also been shown that overdiagnosis of asthma is sim-
ilar in obese and nonobese adults,® reducing the likelihood of
misclassification in this study. This study has the advantage that
diagnosis of asthma does not depend on self-report but instead
is diagnosed by a health care provider and recorded from the pa-
tient’s medical record. It is also possible that multiple courses of
oral corticosteroid for asthma exacerbations resulted in increased
BMI percentile for age. This possibility seems less likely given
that there were not enough children in the cohort who changed
weight categories to perform additional analysis because most
children’s BMIs did not change substantially over the study pe-
riod (data not shown).

Another limitation is that our findings might not be applicable
to obese and overweight asthmatic children outside of the Kaiser
Permanente health care system. However, a Kaiser Permanente
population has been shown to be representative of the demo-
graphics within the region that it serves.”’

Despite these limitations, these findings have important impli-
cations for clinical practice. A recent study performed at Kaiser
Permanente Southern California showed that there is a shift
toward extreme body weights in children aged 2 to 19 years.14
Overweight and obese adolescents tend to maintain their nutri-
tional status into adulthood.* It has been proposed that between
15% and 38% of asthma cases among adults could be prevented if
obesity were to be controlled.*' An adult study that used surgical
intervention for weight loss showed improved asthma symptoms,
severity, and hospitalizations.32 The best time for prevention of
obesity and nonsurgical weight reduction likely occurs in child-
hood. Improving nutritional status, preventing obesity, and stress-
ing the importance of weight loss might improve asthma control

and exacerbation risk in children and decrease the incidence of
asthma in adults. Future research should be aimed at using longi-
tudinal data to further evaluate the possible dose-dependent rela-
tionship between obesity and asthma control and exacerbation
risk, as well as evaluating whether weight loss interventions im-
prove asthma control and decrease exacerbation risk.

Clinical implications: Overweight and obese children with

asthma might benefit from weight loss and more intense moni-
toring and treatment to improve outcomes.
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