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Introduction
Asthma and obesity are common chronic disorders for which 
the prevalence among youth in the United States has dramati-
cally increased over the last two decades (1,2). Several cross-
sectional and prospective studies have examined the association 
between obesity and asthma in children and adolescents (3–7) 
and reported an increased risk for asthma associated with 
obesity (4–7). Although the precise mechanism underlying the 
relationship between asthma and increasing body weight is not 
well understood, investigators have suggested a link between 
the pro-inflammatory state in obesity and the increasing prev-
alence of asthma (7–10).

However, studies examining asthma risk associated with 
overweight in children and adolescents have yielded incon-
sistent findings (3,5,6,11,12), and scant information exists 
on the relationship between extreme obesity and asthma in 
this population. In addition, while many investigators have 
reported increased odds of asthma for black compared to 
non-Hispanic white youth (1,4,7,13), findings were incon-
sistent for Hispanics (1,4,13); Asian/Pacific Islanders and 
other racial/ethnic minority groups were rarely examined. 

The contribution of increasing body weight to asthma risk, 
in the context of racial/ethnic-specific effects, has not been 
thoroughly investigated.

In addition to an increased risk for asthma, obesity may be 
associated with asthma severity and/or poor asthma control. 
Studies in adult asthma patients have shown that those who 
are obese are more symptomatic, require a greater number 
of asthma medications, and have more frequent emergency 
department visits than their nonobese counterparts (14–17). 
However, such reports in overweight or obese youth with 
asthma are controversial (7,12,18,19).

In this study, we describe the prevalence of asthma in a large, 
multiethnic population-based cohort of children and adoles-
cents in Southern California, and examine its association with 
anthropometric, demographic, and clinical characteristics of the 
youth in the study. In order to assess whether the effect of increas-
ing body weight on asthma varies for youth of different race/
ethnicities, we also examined this association stratified by race/
ethnicity. Finally, we investigated the degree to which increasing 
body weight was associated with asthma-specific medications 
and health-care utilization among youth with asthma.
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Methods and Procedures
Population and data sources
The Kaiser Permanente Southern California (KPSC) Children’s Health 
Study is a large, population-based cohort study (n = 920,034) com-
prised of youth, aged 2–19 years, who were members of a prepaid, 
integrated health plan between 1 January 2007 and 31 December 2009, 
who received their care in medical offices and hospitals owned by 
KPSC (20). For the present cross-sectional study, we examined a sub-
set of patients enrolled in the KPSC Children’s Health Study. Briefly, 
we excluded patients who were pregnant (n = 6,898) or younger than 
6 years of age (n = 232,014), leaving 681,122 patients to be included in 
the present study. The study protocol was reviewed and approved by the 
institutional review board of KPSC.

Anthropometrics
Height and body weight measurements were extracted from electronic 
health records and were used to calculate BMI (kg/m2). The median 
BMI-for-age of all encounters in the year of study enrollment (2007, 
2008 or 2009) was selected as the measure to be used for analysis. Based 
on a validation study including 15,000 patients with 45,980 medical 
encounters, the estimated error rate in body weight and height data was 
<0.4% (21). Age- and sex-adjusted BMI z-scores were derived from the 
Centers for Disease Control and Prevention (CDC) national standards 
(22,23). In conjunction with the World Health Organization’s (WHO) 
definitions for overweight and obesity in adults (24), BMI z-scores were 
used to classify youth into the following BMI categories: “underweight” 
(<5th percentile), “normal weight” (≥5th and <85th percentiles), “over-
weight” (≥85th and <95th percentiles, or BMI ≥ 25 kg/m2), “moderately 
obese” (> 95th percentile, or BMI ≥ 30 kg/m2), and “extremely obese” 
(≥1.2 × 95th percentile, or BMI ≥35 kg/m2).

Asthma status
History of asthma was defined as presence of physician diagnosis of 
asthma, identified by ICD-9 code 493, and at least one prescription 
for an asthma-specific medication in the medical record prior to study 
enrollment. Among these youth, those who had a diagnosis of asthma 
and at least one asthma-specific medication listed in the medical record 
within the year prior to study enrollment were considered to have 
current asthma. All other patients, including those who had either a 
diagnosis of asthma in the medical record or prescriptions for asthma 
medications but not both, were classified as not having asthma.

Asthma medication
Asthma prescriptions listed in the medical record were identified 
for youth with current asthma, for 1 year prior to through year of 
study enrollment. Prescriptions for asthma treatment were catego-
rized as rescue medications (Albuterol, Metaproterenol, Ipratropium, 
Ipratropium-Albuterol, Levalbuterol, Pirbuterol), inhaled corticoster-
oids (Fluticasone, Fluticasone-Salmeterol, Flunisolide, Mometasone, 
Triamcinolone, Beclomethasone, Budesonide, Budesonide-Formoterol), 
oral steroids (Hydrocortisone, Dexamethasone, Predinosone, 
Prednisolone, Fludrocortisone, Methylprednisolone), leukotriene 
modifiers (Zafirlukast, Montelukast, Zileuton), other inhaled medica-
tions (Formoterol, Cromolyn, Salmeterol, Nedocromil), and other oral 
medications (Aminophylline, Theophylline, Terbutaline). For analytic 
purposes, asthma medications were grouped hierarchically into the 
following categories: (i) oral corticosteroids, alone or in combination 
with any other medication, (ii) inhaled corticosteroids, alone or in com-
bination with any other medication except oral corticosteroids, and (iii) 
rescue medications, alone or in combination with any other medication 
except inhaled corticosteroids or oral corticosteroids.

Demographic and clinical characteristics
Age, sex, and race/ethnicity information were obtained from health 
plan administrative records and birth certificates and for unknown 
race/ethnicity information (31.7%) by an imputation algorithm based 

on surname lists and address information derived from the U.S. Census 
Bureau (25–27). The resulting specificity and positive predictive values 
were >98% for all major races/ethnicities (20).

Neighborhood education and household income were derived from 
the linkage of health plan member addresses with US census block data 
via geocoding (20). Participation in Medi-Cal or other California state-
subsidized program for low-income children and families, as well as 
elderly, blind, or disabled individuals, was assessed from administrative 
records. Number of asthma-specific health-care encounters, classified as 
ambulatory or emergency department visits for which an asthma code 
(ICD-9: 493) was entered in the electronic health record at the time of 
the visit, were identified for the 1-year period corresponding to study 
enrollment.

Statistical analysis
Demographic and clinical characteristics were summarized with pro-
portions and reported by asthma status. Chi-square tests were used to 
assess differences in proportions of demographic and clinical character-
istics among youth with and without current asthma. The association 
between current asthma and categories of BMI (underweight/nor-
mal weight, overweight, moderately obese, and extremely obese) was 
assessed with multivariable logistic regression models adjusted for age, 
sex, race/ethnicity, and Medi-Cal insurance status. In order to assess 
whether, and to what extent the relationship between weight class and 
asthma is modified by race/ethnicity, we tested for interaction between 
race/ethnicity and weight class in models adjusted for age, sex, and 
Medi-Cal insurance status. Based on these models, we report adjusted 
odds ratios (ORs) for asthma stratified by race/ethnicity. Additionally, 
we examined prescriptions for asthma medications and health-care 
utilization among youth with current asthma. Differences in the pro-
portion of youth treated with certain asthma medications across BMI 
categories were assessed with chi-square tests, and adjusted differences 
were determined by multivariable logistic regression. Adjusted differ-
ences in rate of asthma-specific health-care utilization for different BMI 
categories were assessed with Poisson regression models using robust 
standard errors. All analyses were conducted using SAS version 9.2 
(SAS Institute, Cary, NC).

Results
Of the 681,122 youth included in the study, 125,326 (18.4% 
of the cohort) had a history of asthma while a member of 
Kaiser Permanente. Current asthma was prevalent among 
74,057 youth (10.9% of the cohort) (Table 1). Youth with cur-
rent asthma were generally similar to those with a history of 
asthma. However, youth with current asthma were more likely 
to be younger, male, or black compared to those who had 
never had asthma. Although differences in the probability of 
neighborhood education and income levels were statistically 
significant, youth with current asthma were relatively simi-
lar in the distribution of these demographic characteristics to 
youth who had never had asthma. Youth with current asthma 
included a slightly higher proportion of those utilizing Medi-
Cal insurance and were more likely to be overweight, moder-
ately obese, or extremely obese than those without asthma.

In a multivariable model that included the demographic 
and anthropometric characteristics shown in Table 2, odds of 
current asthma were highest for black children and adoles-
cents; black youth were 1.93 times as likely (95% confidence 
interval (CI): 1.88, 1.99) to have current asthma compared to 
non-Hispanic white youth. American Indian/Alaskan Native 
youth were also more likely to have current asthma than non-
Hispanic whites (OR: 1.39, 95% CI: 1.13, 1.72), while Hispanic 
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youth were less likely (OR: 0.76, 95% CI: 0.74, 0.77). After 
accounting for race/ethnicity and all other demographic char-
acteristics, increasing BMI category was associated with sig-
nificantly increased odds of current asthma (Table 2). Odds 
of current asthma for overweight, moderately obese, and 
extremely obese youth relative to under/normal weight youth 
were 1.22 (95% CI: 1.20, 1.24), 1.37 (95% CI: 1.34, 1.40), and 
1.68 (95% CI: 1.64, 1.73), respectively (P for trend < 0.001). 
Odds of current asthma were not altered by additional adjust-
ment for other covariates listed in Table 1.

The effect of increasing BMI category significantly varied 
by race/ethnicity (interaction P < 0.001), with or without 
adjustment for demographic confounders (Figure 1). Among 
non-Hispanic white youth, those who were overweight, mod-
erately obese, and extremely obese were 1.30 (95% CI: 1.24, 
1.35), 1.47 (95% CI: 1.40, 1.55), and 1.93 times as likely (95% 
CI: 1.81, 2.07), respectively, to have current asthma as those 
who were normal weight, after adjustment for age, sex, and 
Medi-Cal status. While black youth were generally more 
likely to have current asthma than non-Hispanic white youth, 
the effect of increasing weight class within blacks did not 
vary as widely. Among Asian/Pacific Islanders, the trend in 
odds of current asthma for increasing body weight was rela-
tively similar to that observed for non-Hispanic white youth. 
Extremely obese youth of American Indian/Native Alaskan 

Table 1 D escriptive characteristics of 681,122 KPSC youth by 
asthma status

Asthma status

Never Ever Current P valuea

N (% of cohort) 555,796 
(81.6%)

125,326 
(18.4%)

74,057 
(10.9%)

Age, years (%) <0.001

  6–10 30.4 37.0 38.4

  11–14 29.8 29.0 30.2

  15–19 39.8 34.0 31.4

Sex (%) <0.001

  Male 48.5 56.1 56.0

  Female 51.5 43.9 44.0

Race/ethnicity (%) <0.001

  Non-Hispanic white 21.6 23.9 22.5

  Black 6.4 13.2 13.7

  Hispanic 51.3 45.2 45.3

  Asian/Pacific Islander 6.1 7.1 6.6

  American  
  Indian/Alaskan Native

0.1 0.1 0.1

  Multiple 0.3 0.6 0.6

  Other 1.2 1.3 1.5

  Unknown 13.0 8.6 9.7

Neighborhood  
education (%)

<0.001

  Less than high school 28.7 26.9 27.6

  High school graduate 21.5 21.7 21.8

  Some college or  
  associated degree

30.1 31.2 30.9

  Bachelor’s degree  
  or higher

19.7 20.1 19.7

Neighborhood income (%) <0.357

  <$15,000 10.2 10.0 10.2

  $15,000–34,999 18.8 18.3 18.6

  $35,000–49,999 14.1 14.0 14.1

  $50,000–74,999 19.5 19.6 19.7

  $75,000–99,999 13.9 14.2 14.0

  $100,000–149,999 14.7 15.1 14.8

  >$150,000 8.8 8.9 8.6

Insurance (%) <0.001

  Medi-Cal 12.3 12.3 14.1

  Private/other 87.7 87.7 85.9

Weight status (%) <0.001

  Underweight 2.4 1.9 1.8

  Normal weight 58.1 53.1 51.7

  Overweight 18.8 19.5 19.6

  Moderately obese 13.7 15.9 16.6

  Extremely obese 7.0 9.6 10.3

KPSC, Kaiser Permanente Southern California.
aP value derived from chi-square for difference in distribution of characteristics for 
current asthma vs. never asthma.

Table 2 A djusted odds ratios (ORs) of having current asthma 
(74,057 cases) for selected sociodemographic factors

Adjusted OR (95% CI) P value

Age at index, years (%) 0.947 (0.945, 0.948) <0.001

Sex (%) <0.001

  Male Referent

  Female 0.763 (0.751, 0.775) <0.001

Race/ethnicity (%)

  Non-Hispanic white Referent

  Black 1.931 (1.878, 1.985) <0.001

  Hispanic 0.756 (0.741, 0.772) <0.001

  Asian/Pacific Islander 0.986 (0.953, 1.021) 0.433

  American Indian/Alaskan  
  Native

1.394 (1.129, 1.722) 0.002

  Multiple 1.593 (1.427, 1.777) <0.001

  Other 1.128 (1.056, 1.205) <0.001

  Unknown 0.686 (0.666, 0.706) <0.001

Insurance (%)

  Medi-Cal 1.052 (1.028, 1.076) <0.001

  Private/other Referent

Weight status (%)

  Under/normal weight Referent

  Overweight 1.220 (1.196, 1.245) <0.001

  Obese 1.367 (1.337, 1.398) <0.001

  Extremely obese 1.682 (1.637, 1.728) <0.001

CI, confidence interval; OR, odds ratio.
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ethnicity were 3.65 times as likely (95% CI: 1.90, 7.00) to 
have current asthma as their normal weight counterparts; 
odds of current asthma for overweight and moderately obese 
American Indian/Native Alaskan youth were higher than 
those estimated for any other racial/ethnic group, although 
they lacked statistical significance because of a reduced sam-
ple size. Although Hispanic race/ethnicity generally appeared 
to be protective for current asthma when compared to non-
Hispanic whites, overweight, moderate, and extreme obes-
ity were all significantly associated with an increased risk for 
current asthma compared to normal weight among Hispanic 
youth.

Overweight, moderately obese, and extremely obese youth 
with current asthma were more likely to have been treated with 
medication regimens that included inhaled and oral corticos-
teroids than normal weight youth with asthma (Table 3). After 
adjustment for age, sex, race/ethnicity, and Medi-Cal status, 
extremely obese youth were 18% more likely (P < 0.001) to 
have been treated with oral corticosteroids, alone or in com-
bination with other medications, than those of normal weight. 
Extremely obese youth were also 9% more likely (P = 0.001) 
than their normal weight counterparts to have been treated 
with inhaled corticosteroids, alone or in combination with any 
medication except oral steroids.

In addition to more frequent treatment with inhaled or 
oral corticosteroids, extremely obese youth with asthma also 
had greater asthma-specific health-care utilization than nor-
mal weight youth with asthma (Figure 2). During the year 
of study enrollment, extremely obese youth with asthma had 
a significantly higher rate of asthma-related ambulatory care 
visits (2,649 visits per 1,000 youth vs. 2,359 visits per 1,000 
youth; P < 0.001), as well as asthma-specific visits to the 
emergency department (200 visits per 1,000 youth vs. 165 
visits per 1,000 youth; P < 0.001) than youth with asthma of 
normal weight. After adjustment for age, sex, race/ethnicity, 
and Medi-Cal status, extremely obese children and adoles-
cents were expected to have an average of 274 more asthma-
related ambulatory visits per 1,000 youth (P < 0.001) and 23 
more asthma-specific emergency department visits per 1,000 
youth (P < 0.001) than their normal weight counterparts, in 
a 1-year period.

Discussion
In this large, population-based cross-sectional study, over-
weight, moderate obesity, and extreme obesity were associ-
ated with an increased frequency of asthma. Moderately and 
extremely obese youth had a 37% and 68% higher frequency of 
asthma, respectively. Several cross-sectional studies (4,6,7) and 
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Figure 1  Adjusted odds ratios (95% CIs) for current asthma vs. BMI category, by race/ethnicity. All models adjusted for age, sex, and Medi-Cal status. 
CI, confidence interval.
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prospective studies (5,8) have reported associations between 
obesity, typically defined as > 95th percentile of BMI-for-age, 
and asthma in children. However, studies that examined the 
contribution of overweight to asthma risk yielded inconsistent 
findings, with some reporting a positive association (5,7), and 
others reporting no association (8); none specifically examined 
the role of extreme obesity.

In the 1996–2006, National Health and Nutrition 
Examination Survey (NHANES) population aged 2–19 years, 
Visness et al. reported a prevalence of current asthma ranging 
from 9.0% to 10.7% per study year; the prevalence of current 
asthma for 2005–2006 was 10.7% (s.e. 0.5%), which is compa-
rable to the estimated prevalence in our study (7). These inves-
tigators also reported an adjusted OR for asthma risk of 1.32 

(95% CI: 1.08–1.60) among overweight, and 1.68  (95%  CI: 
1.33–2.12) among obese youth (7). These estimates are slightly 
higher than those described in this study, but may be due to 
the fact that NHANES assessed asthma status by self-report, 
included children from 2 years of age, and did not distinguish 
between moderate and extreme obesity (7).

Results from our study also suggest that the magnitude of 
association between the degree of obesity and asthma substan-
tially varies by race. Few studies have examined the associa-
tion between increasing BMI and asthma within racial/ethnic 
groups, and results are inconsistent. Brenner et al. found no 
association between obesity and asthma in 774 black adoles-
cents (3). However, the null finding in this study may be due 
to a small sample size, especially in the extreme ranges of BMI. 
Luder et al. reported a significant association between increas-
ing BMI and moderate to severe asthma among 1,017 black 
and Hispanic youth aged 6–13 (12). Specifically, these investi-
gators found that youth with asthma were 1.34 times as likely 
to be overweight, and 1.51 times as likely to be obese (12); 
these estimates of association are relatively similar to those 
we report in our study. Despite our modest American Indian/
Native Alaskan sample size (n = 610), which limited our power 
to detect associations in some BMI groups, our findings of 
increased asthma prevalence among obese American Indian/
Alaskan Native youth are highly consistent with a recent study 
conducted in 1,852 children from Northern Plains American 
Indian communities (28). In this report, Noonan et al. observed 
that overweight and obese youth were 1.72 times as likely to 
have current asthma compared to those of normal weight (28), 
an estimate nearly identical to those we reported in our study 
for overweight and obese youth, respectively.

While some studies reported associations between increas-
ing BMI and emergency department admission rates among 
youth with asthma (7), others did not (29). Our findings sup-
port the notion that extremely obese children and adolescents 
with asthma have greater health-care utilization, including 
both ambulatory and emergency room visits, than their nor-
mal weight counterparts. Other studies have reported higher 
number of asthma medications prescribed to overweight 
and obese youth with asthma compared to those of normal 
weight (12). Our results also suggest that overweight, mod-
erately obese, and extremely obese youth are more likely to 

Table 3 A sthma medication use among KPSC youth with current asthma (age >6) in year prior to index date

All youth with 
current asthma

Under/normal 
weight Overweight

Moderately 
obese

Extremely  
obese P value

N 74,057 39,623 14,545 12,288 7,601

Asthma medications (%) <0.001

  Rescue inhaler/reliever  
  medication

27,319 (36.9) 15,118 (38.2) 5,415 (37.2) 4,291 (34.9) 2,495 (32.8)

  Inhaled corticosteroid 23,472 (31.7) 12,431 (31.4) 4,600 (31.6) 3,904 (31.8) 2,537 (33.4)

  Oral steroid 23,115 (31.2) 11,989 (30.3) 4,501 (31.0) 4,065 (33.1) 2,560 (33.7)

Other medication regimen 151 (0.2) 85 (0.2) 29 (0.2) 28 (0.2) 9 (0.1)

Percents represented as column percents; P value for chi-square test of difference in proportion of asthma medication use by BMI category.
KPSC, Kaiser Permanente Southern California.
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be prescribed inhaled and oral steroids. Considered together, 
these findings may imply that obese youth are more sympto-
matic and/or have more severe asthma than normal weight 
youth with asthma.

We acknowledge that our cross-sectional design precluded us 
from assessing changes in asthma severity, which may be associ-
ated with obesity, or changes in body weight, which may be asso-
ciated with asthma. Another limitation of our study is the lack of 
detailed information on specific asthma-related characteristics, 
such as wheezing and asthma attacks. Electronic health records 
did not include details on ethnic heritage, which would have 
allowed for further stratification among specific Hispanic sub-
groups known to have different asthma risks, or direct measures 
of lung function, such as forced vital capacity, forced expiratory 
volume, and forced expiratory flow rate which would also have 
allowed us to more accurately assess asthma status and severity. 
In addition, we were unable to control for certain environmental 
exposures or behaviors known to exacerbate asthma symptoms 
such as household smoking, pet dander, and air pollution, as 
well as physical activity or participation in sports.

Despite these limitations, our study has several strengths. 
Our population-based approach, combined with our large, 
multiethnic and diverse pediatric population, allowed us to 
examine a wide range of BMI within racial/ethnic groups that 
have not been previously investigated. While our American 
Indian/Native Alaskan sample was relatively small in size (n = 
610), which limited our ability to detect modest associations 
between overweight and asthma, we were well powered to 
detect associations between extreme obesity and asthma, which 
were of larger magnitude. The high prevalence of extreme 
obesity, especially among racial/ethnic minorities, allowed for 
stable estimates of associations with high body weight in most 
minority groups. Additional strengths of the study include the 
availability of asthma diagnoses made by physicians rather than 
reliance on self-report, and the availability of asthma-specific 
prescription and health-care utilization information.

In conclusion, the findings of our study suggest that the asso-
ciation between increasing body mass and childhood asthma 
varies by race/ethnicity. Obesity, especially extreme obes-
ity, may influence the prevalence of asthma in Asian/Pacific 
Islander and non-Hispanic white youth to a larger extent than 
in black or Hispanic youth. An increasing degree of obesity 
appears to further exacerbate asthma-related health-care uti-
lization and treatment. Effective interventions are needed to 
target high risk populations in order to avoid medical emer-
gencies among children with asthma.
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