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Key Messages

e Current evidence supports interactions between obesity and outdoor and indoor air pollutants (including second-hand smoke) on enhanc-
ing asthma risk, although there are sparse data on the specific pollutants underlying such interactions.

e Limited evidence suggests that obesity may modify the effects of depression or anxiety on asthma, whereas very few studies have exam-
ined interactions between obesity and sex-hormone levels or diet.

» Well-designed observational prospective studies and randomized clinical trials should help establish the impact of modifying coexisting
exposures to reduce the harmful effects of obesity on asthma.

¢ Because obesity during childhood often persists into adulthood, clinicians should encourage behaviors known to prevent obesity in young
children, including a healthy diet and physical activity. Such efforts must be complemented by policies that promote healthy dietary pat-
terns at home and at school, and outdoor activities.

ARTICLE INFO ABSTRACT
Articlf history: o Objective: To review and critically discuss published evidence on interactions between obesity and selected risk
Received for publication March 4, 2022. factors on asthma in children and adults, and to discuss potential future directions in this field.
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o . Data Sources: National Library of Medicine (via PubMed)
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Study Selection: A literature search was conducted for human studies on obesity and selected interactions (with
sex, race and ethnicity, socioeconomic status, indoor and outdoor pollutants, depression, anxiety, and diet) on
asthma. Studies that were published in English and contained a full text were considered for inclusion in this
review.
Results: Current evidence supports interactions between obesity and outdoor and indoor air pollutants (includ-
ing second-hand smoke [SHS]) on enhancing asthma risk, although there are sparse data on the specific pollu-
tants underlying such interactions. Limited evidence also suggests that obesity may modify the effects of
depression or anxiety on asthma, whereas little is known about potential interactions between obesity and sex-
hormone levels or dietary patterns.
Conclusion: Well-designed observational prospective studies (eg, for pollutants and sex hormones) and ran-
domized clinical trials (eg, for the treatment of depression) should help establish the impact of modifying coex-
isting exposures to reduce the harmful effects of obesity on asthma. Such studies should be designed to have a
sample size that is large enough to allow adequate testing of interactions between obesity and risk factors that
are identified a priori and thus, well characterized, using objective measures and biomarkers (eg, urinary or
serum cotinine for SHS, epigenetic marks of specific environmental exposures).

© 2022 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Reprints: Juan C. Celed6én, MD, DrPH, Division of Pediatric Pulmonary Medicine,  Funding: Dr Wong is supported by training grant T32 HL129949 from the US National
Department of Pediatrics, UPMC Children’s Hospital of Pittsburgh, 4401 Penn Avenue, Institutes of Health (NIH). Dr Celedén’s contribution was supported by grants
Pittsburgh, PA 15224. E-mail: juan.celedon@chp.edu. HL117191, MD011764, and HL152475 from the NIH. Dr Forno’s contribution was sup-
Disclosures: Dr Celedon has received research materials from GSK and Merck (inhaled ported by grant HL149693 from the NIH. The sponsor had no role in the design of the
steroids) and Pharmavite (vitamin D and placebo capsules), to provide medications free study, the collection and analysis of the data, or the preparation of the manuscript.

of cost to participants in NIH-funded studies, unrelated to this work. The other authors

have no conflicts of interest to report.

https://doi.org/10.1016/j.anai.2022.04.029
1081-1206/© 2022 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.anai.2022.04.029&domain=pdf
mailto:juan.celedon@chp.edu
https://doi.org/10.1016/j.anai.2022.04.029
http://dx.doi.org/10.1016/j.anai.2022.04.029
http://www.ScienceDirect.com

302 M. Wong et al. / Ann Allergy Asthma Immunol 129 (2022) 301-306

Introduction

Asthma is a complex disease, caused by the insufficiently charac-
terized interplay between heredity and environmental risk factors.
Multiple epidemiologic studies and a few clinical trials of weight loss
have implicated obesity in the pathogenesis of asthma and worse
asthma outcomes in children and adults.!~”

The mechanisms underlying the link between obesity and asthma
are insufficiently understood but may include changes in respiratory
mechanics or lung structure (eg, airway dysanapsis®), altered
immune responses (eg, enhanced Th17-driven immunity®), systemic
and airway inflammation,'® and reduced response to inhaled cortico-
steroids.'’ Such diverse potential pathways further suggest that
“obesity-related asthma” is a syndrome encompassing several phe-
notypes and endotypes.

Coexposure to 2 or more risk factors for asthma is common and
has synergistic effects. For example, a cross-sectional study of 2 inde-
pendent cohorts of Puerto Rican and Swedish school-aged children
showed that the presence of at least 4 risk factors (ie, parental asthma,
male sex, allergic rhinitis, obesity, early-life second-hand smoke, and
an unhealthy diet) was associated with 17.2 to 21.6 times increased
odds of asthma.'? Despite these findings, relatively little is known
about the nature, mechanisms, and relative contributions of specific
interactions between risk factors to asthma causation or severity.

A growing body of evidence suggests that the estimated effects of
obesity on asthma are modified by other risk factors. Whether these
risk factors are mutually independent or interact synergistically in
either a detrimental or protective manner is not clear. In this review,
we will first examine the published evidence of interactions between
obesity and selected risk factors, including sex, race and ethnicity,
socioeconomic status (SES), indoor and outdoor pollutants, depres-
sion and anxiety, and diet. We will then suggest future directions for
research in this area.

Biological Sex

Obesity and weight gain have been associated with asthma in
both boys and girls, with multiple studies yielding conflicting results
for sex differences in the link between obesity and asthma during
childhood and adolescence.'® Some studies have reported a stronger
or more marked association between weight gain and overweight or
obesity in girls than in boys,'*!> whereas others have shown a male
predominance.!®!”

Obesity and weight gain are associated with asthma and worse
asthma outcomes in adults of both sexes, but these associations are
consistently stronger in women than in men.'® Such sex differences
in the obesity-asthma relationship in adults may be partly explained
by diagnostic bias because obesity or weight gain has been associated
with airway hyperresponsiveness (regardless of a physician’s diagno-
sis of asthma) in both women and men,'®!° and physicians could be
more likely to diagnose asthma in female smokers than in male
smokers (who may more often be diagnosed with chronic obstructive
pulmonary disease [COPD]).'®

Asthma prevalence and morbidity change according to life stages
and sex, with a male predominance in childhood but a female pre-
dominance after adolescence. Sex- and age-related differences in
asthma may be explained by changes in hormonal levels resulting
from puberty or medication use?® because recent cross-sectional
studies showed that levels of sex steroid hormones are linked to
asthma in adults,*!*? and that such association may be influenced by
obesity.>? For example, our group recently demonstrated that high
levels of serum-free testosterone and estradiol are associated with
reduced odds of asthma in obese women, whereas a high serum
estradiol is associated with reduced odds of asthma in nonobese
men.”” Thus, prospective studies of the complex interactions
between sex hormones, obesity, and asthma—including pre- and
post-pubertal assessments—are warranted.

Race and Ethnicity

Although obesity and asthma disproportionately affect certain
racial and ethnic minority groups such as African-Americans and
Puerto Ricans,?>?° there has been conflicting or negative evidence
for an interaction between race or ethnicity and obesity on asthma
per se.>?*?527 For example, an analysis of data from children who
participated in the National Health and Nutrition Examination Survey
(NHANES) between 1988 and 1994 and between 2011 and 2014
found no significant (P = 0.53) 3-way effect modification between
obesity, race or ethnicity, and asthma: neither overweight nor obesity
explained the observed differences in asthma prevalence between
non-Hispanic Blacks and non-Hispanic whites or Mexican Ameri-
cans.”* Similarly, there is conflicting or insufficient evidence of an
interaction between race or ethnicity and obesity on asthma control
or severity. A cross-sectional study of African American, Mexican
American, and Puerto Rican youth found that obesity was associated
with worse asthma control in all boys, but that obesity was only asso-
ciated with worse asthma control in Mexican American girls.?® In
contrast, overweight or obesity has been associated with indicators
of worse asthma control or asthma severity in Puerto Rican and Afri-
can American youth of both sexes in other cross-sectional and longi-
tudinal studies.*>*%*°

Socioeconomic Status (SES)

Both obesity and asthma are more common among economically
disadvantaged individuals in the United States, but current evidence
does not support an interaction between obesity and low SES on
asthma. For example, a study of 6119 adults living in New York City
showed that the percentage of asthma that was attributable to obesity
in this population (assuming that obesity causes asthma) was similar
between residents of low-income neighborhoods (7.3%) and residents
of middle- and upper-income neighborhoods (7.7%).>! Moreover, the
estimated effects of obesity on asthma did not differ significantly (P =
0.36) by neighborhood type. Similar results were obtained in a study of
849,659 Israeli adolescents, which reported that the estimated effect of
obesity on asthma was similar across SES groups.*

Cigarette Smoking

Cigarette smoking has been associated with the development of
asthma, particularly in female smokers. Moreover, smoking has been
linked to more severe symptoms and hospitalizations, accelerated
decline in lung function, and reduced response to treatment in sub-
jects with asthma.>® To date, there is no convincing evidence of an
interaction between obesity and cigarette smoking on asthma, as
reviewed below.

A cross-sectional study of 112,830 Canadian adults examined
whether the relationship between smoking and asthma differed in
men and women across 3 body mass index categories: < 25 kg/m?
(underweight and normal weight), 25 to 29.9 kg/m? (overweight),
and > 30 kg/m? (obese).>* In a multivariable analysis stratified by sex,
current smoking was associated with asthma in women who were
underweight or of normal weight (adjusted odds ratio [aOR], 1.41;
95% confidence interval [CI], 1.23-1.62), overweight (aOR, 1.27; 95%
Cl, 1.05-1.54), and obese (aOR, 1.28; 95% CI, 1.03-1.59). In contrast,
current smoking was associated with asthma in men who were
underweight or had normal weight (aOR, 1.20; 95% (I, 1.01-1.43), but
not in those who were overweight or obese (aOR, 1.02; 95% (I, 0.80-
1.30). Although the authors of that study concluded that overweight
and obesity may modify the effects of current smoking on asthma in
adult men, diagnostic bias cannot be excluded as a potential explana-
tion for their results in the absence of measurements of lung function
or airway responsiveness. In a separate study, a meta-analysis was
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conducted using individual-level data from 174,556 adults aged 18 to
44 years from 70 different countries. Although the estimated effect of
obesity on asthma was higher in smokers (aOR, 2.27; 95% CI, 1.37-
3.74) than in nonsmokers (aOR, 1.81; 95% CI, 1.28-2.55), there was no
formal testing for an interaction between smoking and obesity on
asthma.”

Outdoor Air Pollution

Exposure to outdoor air pollution leads to increased morbidity
from asthma (eg, worse symptoms and severe exacerbations) in both
children and adults.>>>® Current evidence strongly supports a causal
role for long-term exposure to outdoor air pollution in childhood
asthma, with suggestive but inconclusive evidence for such a role in
new-onset asthma in adults. Children are most vulnerable to the det-
rimental effects of poor air quality on respiratory health, likely
because of factors including a high minute ventilation rate, time
spent outdoors, and still-developing lungs.>®>® An aggregate body of
evidence from experimental and observational studies suggests that
obesity enhances the detrimental effects of outdoor air pollution on
asthma.

Murine models have shown that ozone exposure increases both
airway responsiveness and airway inflammation to a greater degree
in obese mice than in wild type mice,>® and experimental studies in
adults have reported that the negative effects of ozone exposure on
FEV; and FVC are enhanced by obesity or an increased body mass
index.”® Consistent with those findings, results from observational
studies largely suggest that outdoor air pollution or pollutants are
more strongly associated with worse lung function or asthma in over-
weight or obese individuals than in those of normal weight. Indeed, a
cross-sectional study of 30,056 Chinese children reported that both
sulfur dioxide (SO,) and nitrogen dioxide (NO,) were more strongly
associated with physician-diagnosed asthma in children who were
overweight or obese than in those with normal weight.*' Moreover,
a 10-year prospective study of 4664 adults showed that over time,
better air quality led to decreased rates of age-related decline in
FEF>5.7s, FEF25_75/FVC, and FEV1/FVC in subjects of low or normal
weight, but not in those who were overweight or obese.*? Although
an analysis of data from adults in 2 European cohorts found no signif-
icant interaction between obesity and particulate matter (with either
aerodynamic diameter < 2.5 pm [PM,s] or aerodynamic diameter
2.5-10 pm [PMcoarse]) on wheeze (P for interaction > .07), this could
be partly explained by clustering wheeze due to asthma with wheeze
owing to other causes (eg, COPD, heart failure).*®

Indoor Air Pollution

Humans spend a substantial proportion of their time in indoor
environments, with children spending up to 90% of their time
indoors.** Indoor air pollution consists of a complex mixture of pollu-
tants penetrating from outdoors and pollutants generated from
indoor sources (eg, second-hand smoke [SHS], cooking, sweeping,
and allergens). Indoor pollutants have been associated with reduced
lung function, asthma symptoms, and worse asthma outcomes.**
Current evidence suggests that obese subjects are more susceptible
to the detrimental effects of some indoor pollutants on asthma.

Pre- and postnatal SHS exposure have been associated with child-
hood asthma.? Findings from 2 prospective studies of 298 urban and
predominantly African American school-aged children followed for 9
to 12 months suggest that obesity enhances the detrimental effects
of SHS exposure (assessed by urinary cotinine measurements) on
asthma symptoms.*> Moreover, a cross-sectional survey of 28,807 US
adolescents found that the prevalence of current asthma among sub-
jects exposed to SHS at home was twice as high in obese subjects
than in the nonobese.® In that study, obesity was associated with

increased odds of current asthma among adolescents exposed to SHS
at home (OR, 2.01; 95% CI, 1.15-3.70) but not among adolescents
unexposed to SHS (OR, 0.94; 95% CI, 0.71-1.23).°

Exposure to polycyclic aromatic hydrocarbons (PAH) from traffic
emissions and other combustion sources has been associated with
childhood asthma. In a study of 311 inner-city children living in New
York City and the Bronx, indoor residential levels of semivolatile PAH
(methyl phenanthrenes) measured at age 5 or 6 years were associ-
ated with increased risk of current asthma at ages 5 and 7 years in
obese children but not in nonobese children (P for interaction <
.05).>7 Although not specifically assessed, indoor exposure to semivo-
latile PAH was likely owing to a combination of indoor (eg, SHS, cook-
ing, space heating, and evaporation from petrochemicals such as hair
sprays and deodorants) and outdoor (eg, traffic emissions) sources.>’

Children usually spend a considerable time at school. In a 1-year
prospective study of 271 children aged between 4 to 13 years, NO,
levels in the classroom were associated with asthma symptom days
and change in the child’s caregiver plans in obese children (eg, inci-
dence rate ratio for asthma symptom days, 1.86; 95% CI, 1.15-3.02)
but not in children with normal weight (P for interaction < .05 in
both instances).”” However, there was no association between NO,
levels and lung function, and the overall results were not statistically
significant after correction for multiple testing. In another study,
exposure to indoor endocrine disrupting chemicals (EDCs) in the
classroom was associated with obesity and asthma among children
attending 20 schools in Porto (Portugal), but an interaction between
obesity and EDCs was not adequately tested.*®

Few studies have examined whether obesity modifies the effect of
indoor allergens on asthma. A cross-sectional study of 9668 adults
showed that the prevalence of asthma attacks in the previous year
was higher in obese subjects reporting mold at their homes than in
nonobese subjects reporting mold at their homes (11.4% vs 5%), but
an interaction between obesity and self-reported mold exposure on
asthma (either on an additive or multiplicative scale) was not prop-
erly tested.”® Moreover, those results were not adjusted for multiple
testing for 3-way interactions and must thus be interpreted with cau-
tion, pending confirmation in other studies.

Depression and Anxiety

Depression and anxiety- or stress-related disorders have been
associated with asthma, worse asthma outcomes, and reduced bron-
chodilator response in children and adults.’°->°> Depression and anxi-
ety have also been linked to obesity in subjects with and without
asthma,”®°” and limited evidence suggests that obesity may interact
with depression or anxiety on causing or worsening asthma.

In an 11-year prospective study of 23,599 Norwegian adults, sub-
jects who were obese and reported anxiety or depression symptoms
at baseline had a higher risk of incident asthma (adjusted [a]OR, 2.93;
95% Cl, 2.20-3.91) than any other group (nonobese participants with-
out anxiety or depression symptoms [reference group], nonobese
participants with anxiety or depression symptoms [aOR, 1.20; 95% (I,
1.00-1.45], and obese participants without anxiety or depression
symptoms [aOR, 1.47; 95% CI, 1.19-1.82]). In that study, the relative
excess risk for incident asthma because of the interaction between
anxiety or depression symptoms and obesity was 1.26 (95% CI, 0.39-
2.12).°7 Of note, all analyses were adjusted for smoking, and similar
results were obtained in sensitivity analyses including more stringent
definitions of depression and asthma.

Two cross-sectional studies have yielded conflicting findings for
an interaction between obesity and depression or depressive symp-
toms on lung function or disease control in subjects with asthma. In a
study of 250 school-aged children with asthma, depressive symp-
toms were significantly associated with lower FEV; in overweight or
obese subjects (P < .01) but not in subjects with normal weight. In



304 M. Wong et al. / Ann Allergy Asthma Immunol 129 (2022) 301-306

overweight or obese children, depressive symptoms were also associ-
ated with vagal bias (defined as vagal/cholinergic autonomic-ner-
vous-system reactivity over sympathetic reactivity) under emotion
and/or stress arousal. Moreover, such vagal bias was associated with
increased airway resistance.> In contrast, a cross-sectional study of
601 adolescents and adults with asthma found that both obesity
(aOR, 1.83; 95% (I, 1.23-3.52) and depressive symptoms (aOR, 2.08;
95% (I, 1.23-3.52) were independently associated with poorly con-
trolled asthma, without evidence of a significant interaction
(P=.58).>°

Diet

A recent review of published studies supports a role for a healthy
diet—including high intake of fruits and vegetables, whole grains,
fiber, and unsaturated fats but low intake of saturated fats and
refined sugars—in preventing asthma and reducing asthma sever-
ity.”® Moreover, such a diet reduces the risk of obesity, and thus, obe-
sity may either mediate or modify the effects of dietary patterns on
asthma or asthma severity. Although multiple studies have shown
independent effects of diet and obesity on asthma or asthma
outcomes,’>° little is known about potential modification of the
effects of obesity on asthma by diet or dietary patterns, or whether
obesity interacts with or mediates the effects of diet on asthma.

Based on existing evidence, vitamin D supplementation should
not be recommended for the prevention or treatment of asthma.
However, low levels of vitamin D are more common in obese subjects
than in subjects of normal weight, and children with vitamin D levels
below 30 ng/mL and high exposure to traffic-related air pollution
may be at increased risk of severe asthma exacerbations.’! Given
this, Bose et al®? tested for 3-way interactions between low vitamin
D levels, obesity, and exposure to PM, 5 on asthma symptoms in a 9-
month prospective study of 120 children with asthma living in Balti-
more. Although the authors reported that indoor levels of PM, 5 were

Table 1

associated with worse asthma symptoms only in children who were
obese and had low vitamin D levels (defined as < 15.5 ng/mL),%” their
results were not corrected for multiple testing, and thus, no firm con-
clusions can be drawn pending confirmation in other studies.

Conclusions

Obesity negatively impacts respiratory and overall health. Because
obesity during childhood often persists into adulthood, clinicians
should encourage behaviors known to prevent obesity in young chil-
dren, including healthy dietary patterns and physical activity. Such
efforts must be complemented by policies that promote a healthy
diet at home and at school (through education and access to fruits
and vegetables), and outdoor activities (through physical-education
classes at school, proximity to green spaces such as parks, and
reduced outdoor air pollution). Once obesity is established, the treat-
ment of this condition still remains challenging, and thus, identifying
risk factors that can be modified to reduce the negative effects of obe-
sity may help prevent or manage asthma in children and adults
(Table 1 and Fig 1).

Current evidence supports interactions between obesity and out-
door and indoor air pollutants (including SHS) on enhancing asthma
risk, although there are sparse data on the specific pollutants under-
lying such interactions. Moreover, no study has examined whether
obesity interacts with active use or passive exposure to electronic
vapor products (eg, e-cigarettes) to cause or worsen asthma in ado-
lescents and young adults. Limited evidence also suggests that obe-
sity may modify the effects of depression or anxiety on asthma,
whereas little is known about potential interactions between obesity
and sex-hormone levels or dietary patterns.

Well-designed observational prospective studies (eg, for pollu-
tants and sex hormones) and randomized clinical trials (eg, for the
treatment of depression) should help establish the impact of modify-
ing coexisting exposures to reduce the harmful effects of obesity on

Evidence for Interactions Between Selected Risk Factors and Obesity on Asthma, and Possible Future Work

Interaction Strength of available evidence References

Suggestions for future work

Peters et al,"®

1. Sex Conflicting in children
Moderate in adults, suggesting
that obesity is more strongly
associated with asthma in
women than in men

et al,>> 2020

2018; Castro-Rodriguez et al,'*
2001; Lu et al,'® 2016; Mannino et al,'® 2006;
Maltz et al,'” 2016

Peters et al,'® 2018; Celedén et al,'® 2001;
Litonjua et al,'® 2002; Han et al,”! 2020; Han

Prospective studies of the interaction between sex
hormones, obesity, and asthma, including pre- and
postpubertal assessments.

2. Race/ethnicity

3. Socioeconomic status
4. Cigarette smoking

5. Outdoor air pollution

6. Indoor air pollution

7. Depression or anxiety

8. Diet

Weak and conflicting

Weak and nonsupportive
Weak and nonsupportive

Moderate to strong

Moderate to strong, particularly
for second-hand smoke expo-
sure in youth

Limited but generally supportive

Limited and insufficient

Koebnick et al,” 2016; Akinbami et al,** 2017;
Ramsey et al,>> 2005; Kim and Camargo,*®
2003; Lang et al,”” 2019; Borrell et al,*® 2013;
Wong et al,>? 2022; Forno et al,*° 2014

Tonorezos et al,>' 2008; Gordon et al,**> 2016

Patra et al,” 2016; Chen and Mai,** 2011

Shore et al,>® 2003; Alexeeff et al,*° 2007; Dong
et al,*! 2013; Schikowski et al,*” 2013; Doiron
etal,** 2019

Jung et al,>” 2014; Wu et al,** 2018; Kitsantas
et al,*® 2016; Permaul et al,*” 2020; Paciéncia
et al,*® 2019; Wen et al,*° 2009

Hsu et al,>* 2020; Kapadia et al,>> 2014; Brump-
ton et al,’” 2013

Bose et al,*” 2019

Interactions between obesity and race or ethnicity
and indicators of socioeconomic status can be fur-
ther explored in prospective studies of multiracial/
ethnic cohorts

Prospective studies of interactions between obesity,
electronic cigarettes, and cigarette smoking on
asthma

Prospective studies assessing interactions between
individual pollutants (eg, ozone, particulate mat-
ter), obesity, and asthma

Prospective studies of interactions between obesity
and specific indoor pollutants such as allergens,
NO,, and polycyclic aromatic hydrocarbons, and
second-hand smoke

Prospective studies with concurrent and detailed
assessment of depression- and anxiety-related dis-
orders, including posttraumatic stress disorder

Prospective studies with detailed characterization of
dietary profiles using validated questionnaires and
biomarkers
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Indoor air pollution

Outdoor air pollution

Depression

Anxiety

Diet

Sex hormones?

E-cigarettes?
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symptoms .

Severe asthma
exacerbations

Accelerated lung
function decline

Reduced response
to asthma treatment

Figure 1. Potential interactions between modifiable risk factors and obesity could lead to asthma, poor asthma control, and worse asthma severity. Current evidence supports inter-
actions between obesity and indoor and outdoor air pollution on asthma (blue arrows), whereas limited evidence suggests interactions between obesity and depression or anxiety
on asthma (gray arrows). Little is known about interactions between obesity and diet, sex hormones, or use of electronic cigarettes on asthma (pale gray arrows).

asthma. Such studies should be designed to have a sample size that is
large enough to allow adequate testing of interactions between obe-
sity and risk factors that are identified a priori and thus well charac-
terized using objective measures and biomarkers (eg, urinary or
serum cotinine for SHS, epigenetic marks of exposure). Because such
risk factors often co-occur (eg, SHS, outdoor pollution, and an
unhealthy diet), testing for several interactions should be carefully
considered, along with collection of DNA and RNA for studies of their
underlying molecular and genetic mechanisms.

Identifying and understanding the mechanisms through which

modifiable risk factors ameliorate or worsen the detrimental effects
of obesity on asthma should lead to improved prevention and man-
agement of the “obese asthma phenotype” in children and adults.
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