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Background: There is an association between adiposity and
asthma prevalence, but the relationship to asthma control is
unclear.
Objectives: We sought to understand the relationships among
adiposity, sex, and asthma control in inner-city adolescents with
asthma.
Methods: We prospectively followed 368 adolescents with
moderate-to-severe asthma (ages 12-20 years) living in 10 urban
areas for 1 year. Asthma symptoms and exacerbations were
recorded, and pulmonary function and exhaled nitric oxide levels
were measured every 6 weeks. Adiposity measures (body mass
index [BMI] and dual-energy X-ray absorptiometric scans) were
made, and bloodwas collected for measurement of allergy markers,
adiponectin, leptin, TNF-a, IL-6, and C-reactive protein levels.
Results: More than 60% of female subjects and 50% of male
subjects were above the 85th percentile of BMI for age.
Higher BMI was associated with more symptom days (R 5 0.18,
P 5 .02) and exacerbations (R 5 0.18, P 5 .06) among female
subjects only. Adiponectin was inversely related to asthma
symptoms (R 5 20.18, P < .05) and exacerbations (R 5 20.20,
P < .05) and positively with FEV1/forced vital capacity ratio
(R 5 0.15, P < .05) in male subjects only independent of body
size. There was no relationship between adiposity or adipokines
and total IgE levels, blood eosinophil counts, and exhaled nitric
oxide levels. Dual-energy X-ray absorptiometry provided little
additional value in relating adiposity to asthma outcome in this
population of adolescents.
Conclusion: Adiposity is associated with poorer asthma control
in female subjects. Adiponectin is associated with improved
asthma control in male subjects. (J Allergy Clin Immunol
2010;125:584-92.)
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In the past several decades, obesity has increased dramatically,
especially among low-socioeconomic-status minority popula-
tions.1-3 Epidemiologic studies have shown that being overweight
serves as a risk factor for the development of asthma. The plausi-
bility of a causal relationship is supported by prospective studies
in both adults and children suggesting that being overweight and
obesity can precede the onset of asthma4-6 and studies in adults
demonstrating improvement in asthma symptoms with weight
loss.7,8 In light of a growing literature showing an association be-
tween obesity and asthma, detailed study of children with asthma
living in these areas might shed light on this relationship.
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In contrast to the consistent evidence linking obesity to the
incidence and prevalence of asthma, studies on the association
between asthma control and obesity have been less consistent.9-13

Additionally, many of the studies that focused on obesity and
asthma morbidity lacked detailed phenotypic characterization
of asthma and have not carefully assessed control of asthma
symptoms using a standardized guidelines-based approach.14-18

Even fewer studies have evaluated the interaction of sex and
obesity on asthma morbidity.15,18 This interaction is of impor-
tance in view of the variable effect that sex has had in studies of
the relationship between obesity and asthma.19,20

Several hypotheses to explain the asthma-obesity association
have been proposed, including the effects of obesity on chest wall
mechanics, low-grade systemic inflammation, and changes in
serum concentrations of adipose tissue–derived proteins (adipo-
kines).20 Adipose tissue of the obese expresses increased amounts
of proinflammatory proteins, such as TNF-a, IL-6, and C-reactive
protein (CRP). These cytokines can modify airway inflamma-
tion,21 increase airway contractility,22 and modify the response
to glucocorticoids.23 The adipokine leptin increases with in-
creased adiposity and has proinflammatory effects.24 In contrast,
levels of another adipokine, adiponectin, decrease with increasing
adiposity, and it has anti-inflammatory properties.25 Notably, adi-
pokines can mediate the association between obesity and asthma
in a sex-specific fashion.26,27

The variability of the sex influence on the effect of adiposity on
asthma might be due to the use of body mass index (BMI) as a
measure of adiposity. BMI does not differentiate between lean
body mass and fat mass,28 and therefore for a given BMI value,
female subjects have a higher proportion of body fat than male
subjects.29 It is reasonable to conjecture that the stronger associ-
ation between BMI and asthma seen in female subjects could be
due to the fact that the relationship between BMI and body fat is
sex dependent.30-36 The use of a direct measure to characterize ad-
iposity, such as dual-energy X-ray absorptiometry (DEXA), is
needed to resolve this issue.

As part of a larger randomized trial examining the utility of
measuring exhaled nitric oxide levels to improve asthma
control in adolescents residing in inner-city neighborhoods
(the Asthma Control Evaluation [ACE] study),37 we designed a
prospective study to examine the effect of weight and body fat
on asthma morbidity as measured by symptom report and exac-
erbations. In this sample of inner-city adolescents with careful
guidelines-based management of asthma, we evaluated the sex-
specific association between asthma morbidity and adiposity
using traditional BMI and DEXA scan measures of body fat.
To further investigate the mechanisms involved in the relation-
ship of adiposity measures and sex, we also assessed inflamma-
tory biomarkers and adipokines. Some of the results of this
study have been previously reported in the form of an
abstract.38
METHODS

Study design and population
The Asthma Adiposity Study included 368 adolescents 12 to 20 years of age

enrolled from among ACE study participants in 10 major urban areas of the

United States. All appropriate institutional review boards approved this study.

Written informed consent and assent were obtained. The ACE study was a

randomized, double-blind, parallel-group trial with a 3-week run-in period to

characterize participants, establish treatment, and evaluate adherence.37 The

main objective of the ACE study was to determine whether the addition of

exhaled nitric oxide measurement to a guidelines-based approach to selecting

therapy improved asthma outcomes over guidelines-based therapy alone. At the

recruitment, randomization, and follow-up visits, symptoms, rescue medication

use, pulmonary function, and adherence were used to assign a medication reg-

imen based on standardized treatment guidelines across sites. In the interven-

tion group exhaled nitric oxide levels were additionally considered when

assigning medications. There were 6 follow-up visits approximately 2 months

apart for 1 year. Treatment recommendations were derived from protocol-

defined treatment steps based on asthma control and adherence.37 With each

step-up in treatment, the intensity of the controller medication regimen in-

creased, as reflected by either an increase in inhaled corticosteroid dose or

the addition of a leukotriene modifier or long-acting b-agonist.

Asthma morbidity outcomes
The primary morbidity outcomes were maximum symptom days and

exacerbations during the follow-up period.37 Maximum symptom days re-

called over the previous 2 weeks were assessed every 6 to 8 weeks and aver-

aged over the 46-week treatment period after randomization. Exacerbations

over the previous 2 months were determined at every visit and summed

over the 46-week treatment period. Maximum symptom days were defined as

the largest value among number of days with wheezing, chest tightness, or

cough; number of nights of sleep disturbance; and number of days when activ-

ities were affected. An asthma exacerbation was defined as a hospitalization,

unscheduled visit, or prednisone course for asthma during the treatment

period. The Asthma Control Test (ACT) was administered at each visit, and

the score was averaged over the 46-week treatment period after randomiza-

tion. A score equal to or less than 19 on the ACT suggests that asthma is

not well controlled.

Procedures
At each study visit, pulmonary function tests were performed according to

American Thoracic Society guidelines39 and overread for quality control. Skin

testing was performed by means of the puncture method on the volar surface of

the forearm with a Multi-Test II device (Lincoln Diagnostics, Decatur, Ill). Se-

rum total IgE levels were measured with the UniCap System (Phadia, Uppsala,

Sweden). Fraction of exhaled nitric oxide (FENO) was measured (flow rate, 50

mL/s) with a rapid-response chemiluminescent analyzer (NIOX System,

Aerocrine, Sweden) according to American Thoracic Society guidelines.40

Height and weight measurement
At baseline, subjects were weighed twice to the nearest 0.1 kg by using a

digital or balance scale that was calibrated daily. Height was measured 3 times

to the nearest 0.1 cm with a stadiometer (Harpendem model no. 602VR;

Holtain, Ltd, Dyfed, United Kingdom) that was calibrated daily. Weight and

height measurements were averaged, and BMI was calculated.

Body composition assessments
DEXA scans were completed for 300 participants across 9 sites. Partici-

pants who weighed more than 136.4 kg (300 lbs) were not eligible for a DEXA

scan (n 5 4). There was no significant difference in BMI between participants

with DEXA measurements and those without (data not shown). Total body fat,

fat-free mass, and lean soft tissue and bone mineral content (in kilograms)

were assessed.

Adipokines and biomarkers
Serum leptin, adiponectin, and CRP levels were measured by Northwest

Lipid Research Laboratories (Seattle, Wash). Leptin and adiponectin levels



TABLE I. Characteristics of the 368 Asthma Adiposity Study participants by sex

Characteristics

Female subjects

(n 5 169)

Male subjects

(n 5 199) P value*

Age at recruitment (y) 14.5 6 2.1 14.0 6 1.9 .02

Racial/ethnic group (%)

African American 62.7 62.3 .99

Hispanic 22.5 22.6

Other or mixed 14.8 15.1

Caretaker completed high school (%) 75.0 80.1 .27

Household income <$15,000 (%) 48.4 51.1 .62
>_1 Household member employed (%) 78.1 85.9 .05

No. of positive skin test responses (of 14 performed) 4.1 6 3.2 5.3 6 3.2 <.001

Total IgE (kU/L) 178 (62–567) 315 (120–723) .002

Blood eosinophils (per mL) 168 (84–301) 268 (180–437) <.001

Asthma status, pulmonary function, and use at recruitment�
Maximum symptom days (no. of days/last 2 wk) 6.1 6 4.5 4.9 6 4.3 .002

ACT score in the last month 17.2 6 4.3 19.2 6 3.7 <.001

FEV1 (% predicted) 93.7 6 16.5 91.3 6 16.6 .18

FEV1/FVC ratio 79.2 6 10.1 77.3 6 9.1 .03

FENO (ppb) 22.2 (11.8–52.3) 40.6 (17.8–72.0) <.001
>_1 Exacerbation (%) 72.8 75.4 .57

Asthma status, pulmonary function, and use during 1-y follow-up

Maximum symptom days (no. of days/last 2 wk) 2.1 6 1.5 1.8 6 1.7 .01

ACT score in the last month 21.5 6 2.3 22.1 6 2.1 .01

FEV1 (% predicted) 97.2 6 14.8 93.9 6 14.9 .03

FEV1/FVC ratio 81.3 6 8.0 79.3 6 8.1 .01

FENO (ppb) 21.6 (11.0–45.6) 33.6 (18.5–59.8) <.001
>_1 Exacerbation (%) 38.5 41.2 .59

Values are shown as means 6 SDs, where applicable. Interquartile ranges are included in parentheses with median values.

*P value for x2 tests (categorical variables) or Wilcoxon tests (continuous variables) for the differences between female and male subjects.

�Maximum symptom days are defined as the largest value among the following variables reported over the prior 2 weeks: (1) number of days with wheezing, chest tightness, or

cough; (2) number of nights of sleep disturbance; and (3) number of days when activities were affected. An asthma exacerbation was defined as a hospitalization, unscheduled visit

(including emergency department visits), or prednisone course for asthma.

TABLE II. Baseline weight status of the Asthma Adiposity Study

participants by sex

Characteristic Female subjects Male subjects P value*

Adiposity measurements n 5 169 n 5 199

Height (cm) 159.9 6 7.0 166.1 6 10.6 <.001

Height percentile 49.3 6 27.5 56.0 6 30.2 .024

Weight (kg) 70.6 6 21.3 70.0 6 22.9 .61

Weight percentile 79.7 6 24.1 74.3 6 27.5 .24

BMI (kg/m2) 27.4 6 7.1 25.0 6 6.5 <.001

BMI percentile 82.0 6 22.3 75.6 6 25.9 .055

Percentage body fat� 35.4 6 8.9 21.9 6 10.2 <.001

Adipokines and biomarkers n 5 165 n 5 195

Adiponectin (mg/mL) 13.9 6 6.0 11.9 6 4.5 .003

Leptin (ng/mL) 20.7 6 12.0 8.6 6 9.5 <.001

CRP (mg/dL) 0.09 (0.03–0.21) 0.05 (0.02–0.14) .005

IL-6 (pg/mL) 0.93 (0.40–2.10) 0.68 (0.30–1.64) .02

TNF-a (pg/mL) 2.00 (1.37–3.49) 1.74 (1.27–2.78) .24

Values are shown as means 6 SDs where applicable. Interquartile ranges are included

in parentheses with median values.
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were measured with an RIA (Linco Research, Inc, St Charles, Mo). CRP levels

were measured immunochemically. Serum IL-6 and TNF-a levels were

measured by means of ELISA assay (R&D Systems, Minneapolis, Minn), and

total serum eosinophil counts were performed by local clinical laboratories.

Only IL-6 had a number (n 5 56) of undetectable results. These were assigned

a value of half the lower limit of detection.

Statistical analyses
Partial Pearson correlations were calculated for the entire study population

to measure the strength of the relationships between baseline adiposity

measures and outcomes during the year of follow-up while controlling for the

effects of site, race, and age. Effect modification by sex was examined, and a

large number of interactions were significant (especially those related to

asthma status and DEXA-determined percentage body fat); thus analyses were

stratified by sex. Data for FENO, total IgE, blood eosinophil, CRP, IL-6, and

TNF-a values were log-transformed to better approximate a normal distribu-

tion before analysis. A P value of less than .05 was considered statistically sig-

nificant. All statistical analyses were performed with SAS statistical software

version 9.2 (SAS Institute, Inc, Cary, NC) and the R system for statistical com-

puting version 2.10.0 (R Development Core Team).
*P value for x2 tests (categorical variables) or Wilcoxon tests (continuous variables)

for the differences between female and male subjects.

�The number with DEXA measurements is 136 for female subjects and 164 for male

subjects.
RESULTS
The average age of the Asthma Adiposity Study participants

was 14.2 (6 2.0) years, and slightly more than half were male
(54.1%). Nearly two thirds were African American (62.5%), and
the remainder were predominantly Hispanic (22.6%). Family
income levels were low, with approximately 50% having incomes
of less than $15,000 per year. Because most research
investigations have found effects of obesity to differ between
male and female subjects, the initial characteristics table (Table I)
presents all variables by sex. The population is highly atopic, with
4 to 5 positive skin test responses on average (from a panel of 14);



FIG 1. Distribution of BMI among female and male subjects in the Asthma Adiposity Study. CDC, Centers for

Disease Control and Prevention.
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male subjects had a higher number of positive skin test responses
(P < .001) and total IgE levels (P 5 .002). At recruitment, male
subjects had slightly worse lung function and higher exhaled ni-
tric oxide levels than female subjects (median, 40.6 vs 22.2
ppb; P < .001). Asthma symptoms, however, were significantly
greater among female subjects compared with those of male sub-
jects for symptom days (6.1 vs 4.9 per 2 weeks, P 5 .002) and
ACT scores (17.2 vs 19.2, P < .001). This same pattern of worse
lung function and higher FENO value for male subjects but worse
asthma symptoms for female subjects persisted throughout the
1-year follow-up period.

BMI and percentage body fat measured by means of DEXA are
presented in Table II, along with adipokines and biomarkers re-
lated to obesity. Male subjects were taller than female subjects
on average, but weight was similar. Both BMI and percentage
body fat were significantly higher for female subjects. This
inner-city population of adolescents with asthma was consider-
ably heavier than the US population,3 with distributions of BMI
for female subjects showing 61.5% above the 85th percentile of
BMI for age and 36.7% above the 95th percentile. More than
half the male subjects (52.3%) were above the 85th percentile,
and 33.7% were heavier than the 95th percentile of BMI for age
(Fig 1). Serum levels of adipokines and weight-related bio-
markers (CRP and IL-6) were higher for female than male sub-
jects, but TNF-a levels did not differ (Table II).

The correlations of BMI and DEXA percentage body fat with
asthma symptoms, atopy, and biomarkers are shown separately
for male and female subjects in Table III. Among female subjects,
but not male subjects, higher levels of symptoms were associated
with higher BMI and even more strongly associated with a higher
percentage body fat. Both male and female subjects exhibited a
reduced FEV1/forced vital capacity (FVC) ratio with higher
BMI and body fat. Levels of leptin, CRP, and IL-6 all increased
with increased adiposity, and levels of adiponectin were reduced.
Levels of TNF-a were not related to adiposity. Female subjects
above the 85th percentile of age-adjusted BMI had 0.56 more
symptom days per 2 weeks (95% CI, 0.10-1.01) than female sub-
jects of normal weight and were nearly 2½ times more likely to
have an exacerbation (odds ratio, 2.49; 95% CI, 1.25-5.14).
Fig 2 shows this marked difference in the relationship between
percentage body fat and asthma symptoms and exacerbations
for female subjects compared with male subjects (interaction P
values < .01 and < .05, respectively). The trunk/peripheral fat ra-
tio, as measured by means of DEXA, was not associated with
symptoms or exacerbations (data not shown). In models sequen-
tially examining BMI and percentage body fat, percentage body
fat did not add to the percentage of variance explained for maxi-
mum symptom days or exacerbations once BMI was accounted
for (data not shown). We were prevented from examining pulmo-
nary function outcomes in this manner because of collinearity.

The relationship of adiponectin and leptin to asthma morbidity
for both male and female subjects is shown in Table IV. For male
subjects, adiponectin levels were inversely related to asthma
symptoms and exacerbations (Fig 3, both interaction P values



TABLE III. Correlations of asthma status, adipokines, and biomarkers with BMI and percentage body fat (DEXA) by sex

BMI Percentage body fat

Characteristic Female subjects Male subjects Female subjects Male subjects

Asthma status

Maximum symptom days 0.18* 0.00 0.27� 20.04

Asthma Control Test 20.11 20.04 20.22� 0.02

Any exacerbations 0.18 0.13 0.35� 0.11

Lung function, atopy, and FENO

FEV1 (% predicted) 0.10 0.18* 0.02 20.02

FEV1/FVC ratio 20.26� 20.18* 20.13 20.20�
Total IgE (kU/L) 0.03 0.03 20.08 0.00

Blood eosinophils (per mL) 0.14 20.03 0.08 20.02

FENO (ppb) 20.05 20.08 20.10 20.08

Adipokines and biomarkers

Adiponectin (mg/mL) 20.41� 20.22� 20.31� 20.27�
Leptin (ng/mL) 0.70� 0.82� 0.73� 0.87�
CRP (mg/dL) 0.64� 0.58� 0.64� 0.58�
IL-6 (pg/mL) 0.22� 0.20� 0.18* 0.18*

TNF-a (pg/mL) 20.11 0.01 20.10 0.03

Values are Pearson correlation coefficients, except for any exacerbation in which a polyserial correlation was calculated. All values are adjusted for site, race, age, and group

assignment.

*P < .05.

�P < .01.

�P < .001.
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< .10) and were positively associated with ACT scores and FEV1/
FVC ratios. Leptin levels were positively related to asthma symp-
toms in female subjects. The effect of adiponectin was maintained
in models adjusting for BMI (data not shown). We were unable to
control the leptin models for BMI because of substantial collin-
earity. There was no association seen between CRP or IL-6 levels
and maximum symptom days or exacerbations.
DISCUSSION
In this study of inner-city adolescents with asthma, we have

provided an extensive analysis of the relationship between
obesity and asthma morbidity using a prospective, well-
characterized, and closely monitored cohort. Our major finding
is that, as in the case between asthma prevalence and obesity,19,20

sex has substantial influence on the relationship of adiposity to
asthma morbidity. In female adolescents only, increased BMI
and body fat were associated with worse asthma control, more
asthma exacerbations, and lower FEV1/FVC ratio. In male
subjects we report another novel finding, a protective role of se-
rum adiponectin on the same parameters independent of adipos-
ity. Notably, these effects were observed despite good adherence
to guidelines-based management.37 Our study is also the first to
provide information on the relationship between adiposity mea-
sures other than BMI and asthma morbidity and to examine the
relationship of serum adipokines to asthma control and measures
of airway inflammation.

Adiponectin is produced exclusively by adipocytes; however,
circulating levels decrease with increasing adiposity.25 This pro-
tein has anti-inflammatory properties.41-43 It acts on macrophages
and monocytes to inhibit production of proinflammatory cyto-
kines and to augment IL-10 and IL-1 receptor antagonist expres-
sion.44 Despite higher serum levels of adiponectin in female
subjects, the protective effect was seen in male subjects only.
The sex-specific effect of adiponectin was not explained by the
ratio of leptin to adiponectin, which is significantly different in
male and female subjects. A possible explanation might be that
adiponectin receptors are downregulated with increased adiposity
in adolescent female subjects. In a study evaluating asthma
prevalence, adiponectin was found to be protective against current
asthma prevalence in premenopausal women independent of
BMI.27 The reported protective effects of adiponectin in human
studies are consistent with murine studies in which exogenous
administration of adiponectin resulted in an almost complete
suppression of allergen-induced airway hyperreactivity, airway
inflammation, and TH2 cytokine expression in the lung.45 In con-
trast, leptin was associated with poorer asthma control, but an in-
dependent effect could not be demonstrated because of the high
correlation between adiposity measures and leptin. The role of
adiponectin in asthma warrants further study and might have im-
plications for therapy.

Adipocytes and macrophages that infiltrate adipose tissue are
important sources of inflammatory cytokines.46 It has been hy-
pothesized that high levels of proinflammatory molecules re-
leased from adipose tissue into the systemic circulation could
contribute to airway inflammation and increase asthma severity.47

However, Sutherland et al48 found that although systemic and
airway inflammation were present in obesity and asthma, there
was no evidence of interaction between the two. In our study
the markers of systemic inflammation generally increased with
increasing BMI or percentage body fat in subjects of both sexes,
with female subjects having higher levels than male subjects.
However, the markers did not correlate with asthma morbidity.
In the absence of bronchial lavage to directly measure cytokines,
we cannot determine the association of adiposity with these
markers of airway inflammation. However, we demonstrated no
correlation of adiposity and serum leptin with FENO. This supports
the possibility that adipokines might be related to asthma through
a mechanism unrelated to inflammation.

The relationship between obesity and asthma severity as
classified in published asthma guidelines is controversial. Obesity
was associated with severity as classified by Global Initiative for



TABLE IV. Correlations of asthma status with adipokines

Adiponectin Leptin

Characteristic Female subjects Male subjects Female subjects Male subjects

Asthma status

Maximum symptom days 20.06 20.18* 0.16* 20.08

Asthma Control Test 0.00 0.19� 20.13 0.03

Any exacerbations 20.00 20.20* 0.11 0.11

Lung function, atopy, and FENO

FEV1 (%predicted) 20.04 20.04 0.02 0.03

FEV1/FVC ratio 0.14 0.15* 20.12 20.13

Total IgE (kU/L) 20.04 0.07 20.05 20.02

Blood eosinophils (per mL) 20.14 20.05 0.09 20.02

FENO (ppb) 20.01 0.04 20.11 20.07

Values are Pearson correlation coefficients, except for any exacerbation in which a polyserial correlation was calculated. All values are adjusted for site, race, age, and group

assignment.

*P < .05.

�P < .01.

FIG 2. Relationships between percentage body fat (DEXA) and asthma outcomes by sex. Relationship of

percentage body fat with maximum symptom days (top row) and with exacerbations (bottom row) is

shown. All models are adjusted for site, race, age, and group assignment (black lines) with 95% CIs (light

gray areas).
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Asthma guidelines among adults in the National Asthma Survey
in the United States17 but not in the European Community Respi-
ratory Health Survey49 or a Canadian sample of asthmatic sub-
jects.11 The effect of increasing body weight on asthma control
or response to therapy is not consistently reported in the literature.
Increased BMI has been associated with increased symptoms or
health care use for asthma attacks among 3- to 5-year-olds in
Head Start,50 inner-city children 4 to 9 years old,9 and adults in
the National Asthma Survey.17 In the Childhood Asthma Manage-
ment Program cohort there was no correlation between BMI and
markers of asthma control. However, these children were prepu-
bertal, and median BMI was much lower than in our study.51 A
cross-sectional study of urban adults with asthma found no differ-
ences in asthma control as measured by using 4 validated asthma
control questionnaires with changes in BMI.52 In a recent study
comparing obese and nonobese adult asthmatic subjects



FIG 3. Relationships between adiponectin and asthma outcomes by sex. Relationship of adiponectin with

maximum symptom days (top row) and with exacerbations (bottom row) is shown. All models are adjusted

for site, race, age, and group assignment (black lines) with 95% CIs (light gray areas).
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presenting to emergency departments, the severity of the asthma
exacerbations was found to be similar.12 Responsiveness to
asthma treatment shows a similar ambiguity. Secondary analyses
performed on participants 18 years of age and older from 5 clin-
ical trials found obese asthmatic subjects (BMI >_40) have a lower
response to inhaled corticosteroids or inhaled corticosteroids
combined with a long-acting b-agonist.53 In a study of 18- to
50-year-olds seeking treatment in an emergency department,
heavier patients (BMI >_25) had more residual wheezing and a
higher hospitalization rate.54 A review of the hospitalization
course for asthmatic subjects 2 to 18 years of age admitted to
an intensive care unit found obese subjects (BMI >_95th percen-
tile) had longer treatment and hospital stays despite similar sever-
ity at presentation.55 In contrast, for inner-city asthmatic subjects
2 to 18 years of age participating in the Breathmobile project, obe-
sity (BMI >_95th percentile) had no effect on the ability to achieve
or maintain asthma control.56 Failure to adequately measure or
standardize therapy limits the interpretability of these studies.
The design of the ACE study included guidelines-based standard-
ized treatment for all participants and therefore addressed these
limitations of previous studies.

Reported differences between male and female subjects in the
effect of body size on asthma have been called into question
because of methodological and statistical concerns about the
studies.57,58 Our findings demonstrate that in female subjects
asthma control, asthma exacerbations, and FEV1/FVC ratio are
adversely affected by increasing BMI and percentage body fat.
The increased morbidity and subsequent treatment found in obese
female subjects was not associated with increased atopy or FENO

values. Our results are consistent with studies in adults.48,59 This
raises 2 potential explanations, namely that increased asthma
morbidity is a result of a mechanism other than atopy and inflam-
mation or that there is a difference in the perception of asthma
symptoms among obese female subjects.

Other studies have suggested a difference in perception and
reporting of symptoms among obese asthmatic subjects to account
for the increased asthma severity. Asthmatic children ages 8 to 12
years who were obese or overweight as defined by BMI reported
greater limitation of physical activity than their normal-weight
peers, yet they had similar maximum aerobic power and levels of
habitual activity.60 Despite similar levels of severity, obese
asthmatic subjects reported lower quality-of-life scores.11 Second-
ary analyses from clinical trial participants found obese asthmatic
subjects report a lower response to placebo.61 Further supporting
the possibility of perception differences, bronchial reactivity to
methacholine has been found to be equivalent51,62 or less63 among
obese asthmatic subjects when compared with that seen in lower-
weight subjects. These studies do not find that this difference in
perception is limited to female subjects, and therefore they do
not provide an explanation for the sex differences found in this
study.

Among children and adolescents, previous studies have
reported that an increase in BMI is accompanied by a higher
FEV1 and FVC but a lower FEV1/FVC ratio in both nonasth-
matic64,65 and asthmatic51 subjects. This effect might reflect the
failure of airway size to increase proportionately to lung volume.
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The effect of increasing body size on pulmonary function seen in
this study is consistent with the previous literature.

The question that arises from previous studies that examined
the relationship between asthma and obesity is whether BMI, the
most commonly used index of adiposity, is an adequate measure.
A similar BMI represents a differing level of percentage body fat
depending on the sex, race, or sexual maturity of the child/
adolescent.66 Our study provides a unique opportunity to examine
the relationship between BMI and DEXA measurements of over-
weight status and body fat. The measures were highly correlated
in both male and female subjects. Although BMI alone has limi-
tations in assessing the true degree of adiposity of an individual
child,29 more sophisticated measures provided little additional
value in studies relating adiposity to asthma outcomes in African
American and Hispanic adolescents.

The strength of this study is that it combines multiple measures
of adiposity with adipokines and prospectively evaluates asthma
outcome. By limiting our study to adolescents, it addresses the
criticism that conflicting sex effects found in obesity studies do
not take into account overlapping periods of development.58 The
effects of BMI in female subjects and adiponectin in male sub-
jects on asthma control were seen despite optimal guidelines-
based management.

Our study has a number of limitations. We measured circulat-
ing, but not airway, measures of adipokines and cytokines. It is
possible that levels in bronchoalveolar lavage fluid would provide
additional information on the relationship between asthma mor-
bidity and adiposity. Second, the improved control of asthma over
the 42-week study period would tend to minimize the differences
between obese and nonobese asthmatic subjects. Finally, despite
the design of the ACE study, with its uniform comprehensive
follow-up, data collection, and standardized treatment, it does not
eliminate the possibility that perceptional differences in symptom
reporting influenced our results.

In summary, our data support a sex-specific role for adipokines
produced by adipose tissue in asthma morbidity, as measured by
symptoms, pulmonary function, and exacerbations but not reflected
in other indicators of airway inflammation. Asthma outcome is
adversely affected by adiposity in female subjects, but not male
subjects, whereas for male subjects, but not for female subjects,
adiponectin has a protective effect independent of adiposity.

The implications of this study are highlighted by the high
prevalence of those at risk for being overweight in this inner-city
population of predominantly black and Hispanic adolescents.
Future therapeutic approaches for asthma are more likely to succeed
if sex and body size are taken into account. Further investigations
into the roles of adipokines in asthma morbidity might have
particular relevance to the high-risk inner-city populations.
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Clinical implications: In an urban adolescent population with
moderate-to-severe asthma, there is a dose-response relation-
ship of adiposity to symptom days and exacerbations in female
subjects.
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