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Abstract

Rationale: Whether allergic airway inflammation mediates the
association between overweight or obesity and childhood asthma is
unknown.

Objectives: To examine adiposity, asthma, and fractional exhaled
nitric oxide (Fexo) in U.S. children.

percentile) and asthma or indicators of asthma severity or control,
stratified by Fexo level.

Conclusions: Adiposity indicators are associated with asthma in
children with low Feno. Among children with asthma, adiposity
indicators are associated with worse asthma severity or control

in those with high Feyo.

Keywords: asthma; airway inflammation; adiposity; obesity;

NHANES
Methods: Cross-sectional study of indicators of adiposity or obesity,

FEno (a biomarker of eosinophilic airway inflammation), and
asthma in 2,681 children aged 6-17 years in the 2007-2010 National
Health and Nutrition Examination Survey. Adiposity measures
included body mass index (BMI), percent body fat (PBF), and waist
circumference (WC).

At a Glance Commentary

Scientific Knowledge on the Subject: Childhood asthma
and obesity are major public health problems in the

United States. To be overweight or obese has been consistently
associated with childhood asthma. Whether allergic airway
inflammation mediates this association is unclear.

Measurements and Main Results: BMI, PBF, and WC were
associated with asthma among children with low Feyo (odds ratio,
1.54-1.68; P < 0.01), but not among children with increased

FEno. Among children without asthma, BMI, PBF, and WC were
associated with higher FEV, and FVC, and lower FEV,/FVC.
Among children with asthma and a high Fey, all adiposity indicators
were associated with decreased FEV,/FVC (B = —1.5% to —1.7%
per z score) but not with FEV; or FVC. Higher BMI or PBF was
associated with worse asthma severity or control in children with
asthma and increased FEyq, but not in children with asthma and low
FEno. Similar results were obtained in a secondary multivariate
analysis of overweight or obesity (defined as BMI =85th

What This Study Adds to the Field: We report that having
increased adiposity or being overweight/obese is associated
with asthma only in children with low fractional exhaled
nitric oxide (a marker of eosinophilic airway inflammation).
Among children with asthma, however, having increased
adiposity or being overweight/obese was associated with
markers of increased asthma severity or poor asthma control
only in those with increased fractional exhaled nitric oxide.

Over the last few decades, the parallel
epidemics of asthma and obesity

have become major public health issues
in industrialized countries, such as the

United States. In 2010, approximately
16% of U.S. children were obese

and approximately 9% had asthma (1, 2).
Epidemiologic studies have shown that

obesity is associated with asthma, asthma
morbidity or control, and decreased
response to inhaled corticosteroids during
childhood (3-6), and that increased weight
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precedes the development of asthma
symptoms (7).

Although an association between
obesity and asthma has been well established,
the mechanisms behind this link are less than
clear. Various pathways have been proposed,
including mechanical changes from excessive
weight (8); existence of comorbidities,
such as obstructive sleep apnea; a
proinflammatory milieu that exists in obesity;
and shared genetic polymorphisms (9, 10).
It is becoming progressively clear that the
“obese asthmatic” phenotype is likely
complex and multifactorial.

A recent study reported that obesity-
induced airway hyperresponsiveness in
a murine model of obesity is mediated
by nonallergic mechanisms, including
inflammasome activation and production of
interleukin-17 by innate lymphoid cells in the
lung (11, 12). Consistent with these findings,
obesity has been shown to be predominantly
associated with nonatopic asthma in adult
subjects (13, 14). However, the role of atopy
in “obese asthma” in children is less clear:
several (15, 16) but not all (4, 17) studies
have shown a stronger association between
obesity and asthma in nonatopic children.
Whether obesity influences childhood
asthma through noneosinophilic airway
inflammation is largely unknown.

Fractional exhaled nitric oxide (FEno)
is a sensitive marker of ongoing eosinophilic
airway inflammation, with Feyo levels less
than 20 ppb denoting low likelihood of
eosinophilic airway inflammation or
corticosteroid responsiveness (18). We
hypothesized that increased adiposity or
overweight/obesity (as measured by body
mass index [BMI], percent body fat [PBF],
and waist circumference [WC]) would cause
asthma through noneosinophilic airway
inflammation, as indicated by a low Feyo.
On the basis of our recent findings (4), we
further hypothesized that, once asthma is
established, increased adiposity would worsen
asthma control in children with eosinophilic
airway inflammation (as indicated by
an elevated Feyp). We examined these
hypotheses in a nationwide study of 2,681
children aged 6-17 years in the United States.

Methods

Subject Recruitment and

Study Procedures

The National Health and Nutrition
Examination Survey (NHANES) is a cross-

sectional nationwide survey designed to
assess the health and nutritional status

of noninstitutionalized children and

adults in the United States (19). NHANES
combines interviews and physical
examinations of study participants by
highly trained personnel. Study participants
are selected using a stratified multistage
probability design and are thus

a representative sample of the U.S.
population. As part of the study design,
ethnic minorities (African Americans and
Mexican Americans) are oversampled to
increase statistical power for data analysis
in these groups. We included children
ages 6-17 years who participated in the
2007-2008 and 2009-2010 NHANESs in
this analysis. The NHANES was approved
by the institutional review board of the
National Center for Health Statistics of the
CDC. Informed consent was obtained from
all participants.

Measures of adiposity and obesity
were collected by trained health technicians
and followed guidelines from the
Anthropometric Standardization Reference
Manual (20). BMI was calculated as
weight in kilograms divided by height (in
meters) squared. PBF was calculated
from tricipital and subscapular skinfolds.
For data analysis, all measures were
transformed to z scores to obtain
standardized and comparable coefficients
and odds ratios (ORs): BMI z scores were
calculated using equations based on the
2000 CDC growth charts (21), PBF z scores
were calculated by using a recent study on
reference equations for U.S. children (22),
and WC was standardized by using the
distribution of this measure in our study
population.

Spirometry was performed
following American Thoracic Society
recommendations (23). The best FEV,
and FVC values were selected for data
analysis. Participants were not eligible for
spirometry if they were on supplemental
oxygen or had painful ear infections,
current chest pain or a physical problem
with forceful expiration, recent surgery
(of the eye, chest, or the abdomen), heart
disease, or tuberculosis. FExo was measured
using the Aerocrine NIOX MINO,

a portable, hand-held NO analyzer
(Aerocrine AB, Solna, Sweden). The
NHANES protocol required two valid Fexo
measurements that were reproducible.
Further details on NHANES measurements
and procedures may be found in the online
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supplement or in the NHANES website
(http://www.cdc.gov/nchs/nhanes.htm).

Statistical Analysis

Current asthma was defined as both having
had asthma diagnosed by a doctor or
other health professional and having had at
least one asthma attack in the past year.
Participants who had neither diagnosed
asthma nor an asthma attack in the past year
were selected as control subjects. Children
who reported a lifetime diagnosis of asthma
but no asthma attacks in the past year
were excluded from this analysis (n = 175).
Indicators of asthma severity or control
during the previous year included (1)

at least one emergency care (EC; meaning
emergency room or urgent care center)
visit for asthma; (2) number of school days
lost because of asthma symptoms (<1 wk
vs. >1 wk); and (3) whether asthma limited
usual activities (not at all vs. any activity
limitation).

Primary sampling units and strata
for the complex NHANES survey design
were taken into account for data analysis.
Sampling weights, stratification, and clusters
provided in the NHANES dataset were
incorporated into the analysis to obtain
proper estimates and their standard errors.
The SAS SURVEY procedure was used for
descriptive, bivariate, and multivariate
analysis (SAS Institute Inc., Cary, NC).
Wald chi-square tests and ¢ tests were used
for bivariate analyses of binary and
continuous variables, respectively.

After stratification by Feyo level (<10
ppb, 10-20 ppb, or =20 ppb), multivariate
logistic or linear regression was used to
examine the relationship between each
indicator of adiposity or obesity (as
a continuous variable and as quartiles) and
current asthma or (in subjects with asthma
only) indicators of asthma severity or
control. All multivariate models were
adjusted for age, sex, race and ethnicity
(non-Hispanic white, non-Hispanic black,
Hispanic, or other), family history of
asthma, annual household income, use of
oral or inhaled corticosteroids in the 2 days
before Feno testing, and environmental
tobacco smoke; models for FEV; and FVC
were additionally adjusted for height and
height squared. In a secondary multivariate
analysis stratified by Feyo level, we
examined the relationship between
overweight or obesity (BMI = 85th
and = 95th percentiles for age and sex,
respectively) and asthma or indicators of
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asthma severity or control, using the same
approach as for our primary analysis (see
above). All statistical analyses were
conducted using SAS 9.3 software.

Results

The main characteristics of the 2,681
participating children with (n = 171) and
without (n = 2,510) asthma are shown in
Table 1 (see Figure E1 in the online
supplement for derivation of the

final cohort and details on study
subpopulations). Compared with children
without asthma, those with asthma

were more likely to be male and to belong
to a racial or ethnic group other than non-
Hispanic white, and to have a household
income greater than $20,000 per year,

a family history of asthma, health insurance
coverage, and lower FEV, and FEV,/FVC
but higher FExo, BMI, and PBF. There were
no significant differences in age, sex, or
environmental tobacco smoke between
children with and without asthma.

Figure 1 shows the results of the
multivariate analysis of adiposity or obesity
indicators and asthma. In the multivariate
analysis of children with Feyo less than 10
ppb, all indicators of adiposity or obesity
(BMI, PBF, and WC) were associated with
(75-118%) excess odds of asthma per every
1.0 z score increment in each adiposity

indicator. For children with Fexo 10-20
ppb, the increment in the odds of asthma
was less prominent (30-42%). In contrast,
there was no significant association
between any indicator of adiposity or
obesity and asthma among children with
FEno greater than or equal to 20 ppb. The
linear trend was significant for all three
adiposity indicators (P < 0.01) (see Table
E1 for more detailed results). Similar
findings were obtained in our secondary
analysis of overweight or obesity and
asthma (see Figure E2). Overweight or
obesity was associated with asthma only
in children without eosinophilic airway
inflammation: the OR for BMI was 3.79, for
PBF OR was 3.14, and for WC OR was
3.58 among children with Feyo less than
10 ppb (P < 0.01 for each and P < 0.01 for
the linear trend). Furthermore, dividing
BMI z score into quartiles showed a clear
dose-response effect for children with low
FEno, but no effect among children with
high Feno (Figure 2), with similar results
for PBF and WC (see Figure E3).

We then conducted a multivariate
analysis of the relationship between
indicators of adiposity or obesity and binary
markers of disease severity or control in
children with asthma (Table 2). Among
children with asthma and eosinophilic
airway inflammation, BMI and PBF
were associated with at least one EC visit
and school absences in the previous year. In

Table 1. Characteristics of Study Participants

contrast, there was no association between
any adiposity indicator and markers of
asthma severity or control in children
with asthma but no eosinophilic airway
inflammation. Similar results were obtained
in a multivariate analysis of overweight

or obesity and indicators of asthma severity
or control (see Table E2). For example,
children with asthma who were overweight
or obese and had higher Feyo had

fivefold greater odds of having at least

one EC visit for asthma than those who
were of normal weight but had an increased
Feno (95% confidence interval for OR,
1.8-18.3; P < 0.05).

Table 3 shows the results of the
multivariate analysis of indicators of
adiposity or obesity and lung function,
stratified by asthma and eosinophilic airway
inflammation (normal-high vs. low Feno
level). Among children without asthma
or eosinophilic airway inflammation, all
three adiposity indicators were positively
associated with FEV, and FVC but
inversely associated with FEV,/FVC (P <
0.01 in all instances). Among children
without asthma but with eosinophilic
airway inflammation, the three adiposity
indicators had a similar inverse association
with FEV,/FVC but were more strongly
and positively associated with FEV; and
FVC. Among children with asthma,
the only consistently significant finding was
for FEV/FVC in those with eosinophilic

Characteristics

Age, yr
Male sex
Race and ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Annual household income < $20,000
Covered by health insurance
Family history of asthma
Environmental tobacco exposure
FEV,, Lt
FVC, LT
FEV4/FVC, %
Fractional exhaled nitric oxide, ppb
Body mass index, z score
Percent body fat, z score
Waist circumference, z score

No Asthma (n = 2,510)*

Asthma (n = 171)*

P Value for Comparison

11.91 = 0.09 11.78 * 0.40 0.728
1,282 (50.29) 108 (61.59) 0.027
0.002
849 (61.35) 44 (49.56)
493 (11.54) 64 (25.81)
1,029 (20.10) 48 (15.45)
139 (7.02) 15 (6.88)
482 (13.58) 42 (19.17) 0.084
2,184 (90.11) 159 (95.60) 0.029
618 (23.68) 103 (57.71) <0.001
353 (14.14) 27 (15.43) 0.701
2.71 = 0.03 2.58 = 0.12 0.004
3.14 = 0.04 3.13 = 0.15 0.841
86.69 + 0.16 82.46 = 0.82 <0.001
15.53 = 0.45 30.19 + 2.66 <0.001
0.54 = 0.03 0.85 = 0.11 0.008
0.16 = 0.03 0.37 = 0.08 0.024
-0.12 = 0.03 0.08 = 0.08 0.032

Results are shown as mean (SE) for continuous and N (%) for binary variables.

*Numbers may vary because of missingness.

TAdjusted for age, sex, height, and height squared.
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Figure 1. (A-C) Multivariate analysis of adiposity indicators and asthma, stratified by fractional exhaled nitric oxide level. (A) Body mass index z score. (B)
Percent body fat z score. (C) Waist circumference z score. All models adjusted for age, sex, race and ethnicity, family history of asthma, annual household
income, use of oral or inhaled steroids, and environmental tobacco smoke exposure. *P < 0.05. Cl = confidence interval.

airway inflammation. In these children,

all adiposity indicators were significantly
and inversely associated with FEV,/FVC
despite small sample size (P < 0.05 in all
instances). Similar results were obtained in
the multivariate analysis of overweight/
obesity and lung function after stratification
by Feno level and asthma (see Table E3).
However, all results among children with
asthma were not significant because of
small sample size.

Discussion

To our knowledge, this is the first study to
examine indicators of adiposity or obesity
and asthma in children according to their
level of exhaled Feyo. We show that each of
three adiposity indicators (BMI, PBF, and
WQ) is significantly associated with current
asthma, but only in children with low Feyo.
Similarly, overweight or obesity was only
associated with current asthma in children
with low Feyo. Interestingly, both adiposity
and Feyo exhibited dose-response effects.
FEno is @ marker of eosinophilic
airway inflammation, a hallmark of atopic
asthma (24). Our results suggest that
increased adiposity leads to nonatopic
asthma in children, and are generally
consistent with those of prior studies in
children (15) and adults (13, 14, 25) in
whom adiposity or obesity was only
associated with asthma in subjects without
atopy (defined by objective markers, such

as skin test reactivity or a positive IgE
to allergens). Obesity has also been
associated with current asthma among
children without other allergic diseases
(16), and overweight has been associated
with a 77% increased risk of new-onset
asthma in nonallergic children (26). Our
findings are also consistent with those of
a recently published murine model, in
which obesity led to increased airway
responsiveness through nonatopic (e.g.,

Ty17) mechanisms (11). Of note, Ty17-
mediated responses could also account for
our prior observation of reduced response
to inhaled corticosteroids among
overweight or obese North American
children with asthma (5, 27).

In mouse models of allergic airway
inflammation, body weight has been
correlated with airway eosinophilia,
suggesting that obesity may lower the
threshold for allergic sensitization and
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Figure 2. (A and B) Multivariate analysis of body mass index (BMI) z score quartiles and asthma,
stratified by fractional exhaled nitric oxide (Feno) level. (A) FEno < 20 ppb; (B) FEno = 20 ppb. All
models adjusted for age, sex, race and ethnicity, family history of asthma, annual household income,
use of oral or inhaled steroids, and environmental tobacco smoke exposure. “P < 0.01. Cl =

confidence interval.
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Table 2. Multivariate Analysis of Adiposity Indicators and Markers of Asthma Severity or Control, Stratified by Feyo Level

Feno < 20 ppb (n = 86)
=1 EC visit in past year
>1 wk of school days lost in past year
Limited activity in past year

Feno = 20 ppb (n = 85)
=1 EC visit in past year
>1 wk of school days lost in past year
Limited activity in past year

BMI z Score PBF z Score WC z Score
0.64 (0.39-1.07) 0.64 (0.36-1.13) 0.63 (0.34-1.16)
1.08 (0.69-1.52) 0.84 (0.51-1.39) 0.81 (0.48-1.35)
0.90 (0.61-1.31) 0.72 (0.48-1.08) 1.05 (0.70-1.56)
2.44 (1.18-5.06)" 2.83 (1.26-6.35)" 2.15 (0.96-4.81)
2.75 (1.19-6.38)* 4.70 (1.89-11.66)" 1.62 (0.69-3.79)
0.80 (0.39-1.65) 0.83 (0.44-1.56) 0.68 (0.32-1.47)

Definition of abbreviations: BMI =
circumference.

body mass index; EC = emergency care; Feno = fractional exhaled nitric oxide; PBF = percent body fat; WC = waist

Results are shown as odds ratio (95% confidence interval) per 1.0 z score increment in each adiposity measure. All models adjusted for age, sex, race and
ethnicity, family history of asthma, annual household income, use of oral or inhaled steroids, and environmental tobacco smoke exposure.

*P < 0.05.
P < 0.01.

augment airway eosinophilia (28, 29). In
contrast, other studies have found no
association between body weight and
eosinophilia in murine models of asthma
(30). Our findings are consistent with those
of a recent study suggesting that atopy
partly mediates the detrimental effects of
adiposity or obesity on asthma severity or
control in children with established disease
(4). This is also consistent with recent
studies in adults with severe asthma that
described higher Feyg levels in the cluster
of obese people with asthma with

uncontrolled asthma (31), and that severe
obese people with asthma have increased
eosinophils in bronchial submucosa (but
not in sputum) (32). Thus, we hypothesize
obesity may play a role in the inception
of asthma via nonatopic pathways, but
that in children with established atopy
and asthma, obesity and atopy act
synergistically and result in worsened
asthma severity and control.

In adipose tissue from normal mice,
eosinophils act via Ty2 cytokines (IL-4,
IL-5, IL-13) to sustain alternatively

activated macrophages, which are necessary
to maintain glucose homeostasis (33);

in obese mice, decreased eosinophils in
adipose tissue leads to an increase in
classically activated macrophages, which
foster metabolic dysregulation (33). In

a murine model of obesity, type 3 innate
lymphoid cells (ILC3) led to airway
hyperreactivity via a macrophage-derived
IL-1B pathway (11); whereas this

airway hyperreactivity was mediated
predominantly by neutrophils, there was
concurrent airway eosinophilia (11).

Table 3. Adiposity Indicators and Lung Function, Stratified by Current Asthma and Feno Level

BMI z Score PBF z Score WC z Score
FENO <20 ppb
No asthma (n = 1,973)
FEV4, ml* 64.61 (42.77 to 86.46)" 27.76 (3.50 to 52.02)* 49.22 (21.20 to 77.25)"
FVC, ml* 112.48 (90.42 to 134.54)" 65.84 (42.27 to 89.41)1 111.84 (81.23 to 142.45)"

FEV4/FVC, %
Asthma (n = 86)

—0.98 (—1.27 to —0.67)"

—0.92 (—1.28 to —0.56)"

—1.27 (=1.71 to —0.83)"

FEV4, ml* 59.36 (12.34 to 106.38)* 33.67 (—31.34 to 98.68) 34.22 (—44.68 to 113.11)
FVC, ml* 89.26 (34.81 to 143.72)" 35.91 (—46.91 to 120.74) 63.71 (—24.68 to 152.10)
FEV4/FVC, % —0.42 (—-1.51 to 0.67) —0.09 (—1.23 to 1.05) —0.66 (—1.74 to 0.43)
Feno = 20 ppb
No asthma (n = 537)
FEV,, ml* 110.89 (70.27 to 151.51)" 2.38 (51.02 to 133.73)T 121.36 (69.23 to 173.50)"
FVC, ml* 186.02 (136.93 to 235.11)" 150 67 (98.69 to 202. 65) 206.33 (136.93 to 275. 74)
FEV4/FVC, % -1.31 (-1.84 to —0.79)" 1.14 (-1.82 to —0.46)" —-1.28 (-1.95 to —0.61)"
Asthma (n = 85)
FEV4, ml* —57.88 (—154.75 to 38.99) —56.43 (—161.65 to 48.39) —56.80 (—173.38 to 59.78)
FVC, ml* —4.08 (—115.80 to 107.64) -11.12 (—136.27 to 114.03) —-2.19 (—155.65 to 151.26)
FEV,/FVC, % —1.67 (-2.93 to —0.42)" —1.54 (—2.94 to —0.14)* —-1.54 (-2.93 to —0.15)*

Definition of abbreviations: BMI

= body mass index; Feno = fractional exhaled nitric oxide; PBF = percent body fat; WC = waist circumference.

Results shown as beta coefficient (95% confidence interval) per 1.0 z score increment in each adiposity measure. All models adjusted for age, sex, race
and ethnicity, family history of asthma, annual household income, use of oral or inhaled steroids, and environmental tobacco smoke exposure.
*Analyzed as absolute values; adjusted additionally for height and height squared.

P < 0.01.
P < 0.05.
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Conversely, aerosolized anti-IL-1f3 has
been shown to decrease eosinophils and
neutrophils in bronchoalveolar lavage,
and to decrease eosinophils in peripheral
blood in guinea pigs (34). Furthermore,
IL-33 (a member of the IL-1 family) has
been shown to activate eosinophil
degranulation (35); and polymorphisms of
the ILRL1 (IL-receptor like 1) gene have
been associated with decreased eosinophils
and lower odds of asthma (36). Hence,
nonatopic pathways associated with obese
asthma inception in children could also
produce changes in eosinophil distribution,
migration, or activity among the adipose
tissue, the blood, and the airways.
Moreover, the effects these nonatopic
pathways exert on atopy-related
eosinophilia could explain why obese
children with asthma may have a more
severe disease in the presence of atopy.
Obesity is known to adversely affect
lung function. In adults with asthma,
increased BMI is associated with a restrictive
ventilatory deficit, with reduced FEV,
and FVC but normal FEV,/FVC, and low
FRC (37, 38). In contrast to this finding in
adults, higher BMI, WC, and total body
fat are significantly associated with
increased FEV, and FVC but lower FEV,/
FVC in children with and without asthma
(39-41). In our study, children without
asthma or allergic airway inflammation
showed increasing FEV; and FVC, but a
decreasing FEV,/FVC ratio, with increasing
obesity/adiposity. These findings could
denote airway dysanapsis, whereby lung
size is larger in obese (but otherwise
healthy) children, but airway size has
not yet grown proportionately. However,
children with both asthma and eosinophilic
airway inflammation did not show

increasing FEV; or FVC, and had a more
prominent decrease in FEV/FVC than
children with asthma but no eosinophilic
airway inflammation. This is consistent
with true airflow obstruction caused

by adiposity in children with asthma and
a hlgh FENO'

Several other mechanisms could
underlie the association between obesity and
asthma. Lower FRC in obese individuals can
lead to increased airway closure, and this
may alter the structure and function of
airway smooth muscle, making airways
more prone to bronchoconstriction
(8, 38). Obesity has been shown to be
a proinflammatory state, and adipokines,
such as leptin and adiponectin, have been
linked to asthma. Compared with obese
women without asthma, obese women with
asthma have increased macrophage
infiltration, higher expression of leptin, and
lower expression of adiponectin in adipose
tissue (42). Other proposed mechanisms
include presence of comorbidities (43, 44),
hormonal differences (45), dietary pattern
changes (46, 47), and alterations in insulin
or arginine metabolism (48-50).

Our study has considerable strengths,
including availability of a representative
sample of U.S. children, performance of
standardized procedures by uniformly
trained personnel, and Feyo measures in
children with and without asthma. We also
acknowledge several limitations. First, this
is a cross-sectional study, and therefore
a temporal relationship between adiposity
or obesity and eosinophilic airway
inflammation or asthma cannot be
determined. Second, we had limited
statistical power to detect an association
between indicators of adiposity or obesity
and binary markers of asthma severity or

control because of the small number of
participating children with current asthma.
Third, we lacked data on puberty. Body
composition changes during growth, and
hormonal expression after puberty may
influence the relationship between adiposity
and asthma, particularly among girls.
Fourth, we did not control for all factors
related to adiposity or obesity and poor
asthma control, such as diet. We used
household income as our main proxy for
socioeconomic status. Although we did not
include both household income and health
insurance coverage in the multivariate
models because of collinearity, our results
remained unchanged after replacing
household income with health insurance
coverage in the multivariate analysis (data
not shown). Finally, some subjects with
mild asthma may have had quiescent
disease or failed to report symptoms, and
thus could have been misclassified as
unaffected.

In summary, we show that increased
adiposity or overweight/obesity is only
associated with asthma in children without
eosinophilic airway inflammation (as
indicated by low FEyo). Among children
with asthma, we found that increased
adiposity or overweight/obesity is
associated with worse asthma severity or
control only in those with eosinophilic
airway inflammation (as indicated by a high
FEno). Although further mechanistic
research is needed, our results emphasize
the importance of maintaining a lean body
weight or promoting weight loss in
overweight or obese children (with and
without asthma).

Author disclosures are available with the text
of this article at www.atsjournals.org.
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