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ABSTRACT

Objective: This literature review aims to compare obese-asthmatic adults and children, and to char-
acterize differences and similarities between the two subgroups from epidemiological, demograph-
ical, phenotypical, and physiological perspectives. Methods: Literature search was conducted using
Pubmed database with “obesity,” “asthma,’ “epidemiology,” “cluster analysis,” “demography,” “mechan-
ics,”and “FeNO” as search terms. Methods: Articles investigating epidemiological, demographic, phe-
notypical variation, and mechanical aspects of breathing specifically in obese asthmatics were identi-
fied. The studies were then divided according to age: children (<18 years of age) and adults (>18 years
of age). Results: Increase in asthma incidence and prevalence is observed in both obese-asthmatic
children and adults. Asthma prevalence is greater in adult females regardless of ethnic background,
and in men of African American and Hispanic ethnicities. Degree of weight gain and early onset of
menarche appears to directly affect asthma severity in adolescent girls and females. Airway hyperre-
sponsiveness and fractional exhaled nitric oxide do not have any positive correlation with high BMl in
obese-asthmatic children and adults. Obesity also alters lung mechanics in asthmatics, but the impact
is different for children and adults likely due to differential effect of obesity on central and peripheral
airway. Conclusion: Existing literature suggests both similarities and differences in obese-asthmatic
children and adults. The most pertinent differences are related to gender, ethnicity, and lung functions.
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Introduction

It is established that obesity—asthma phenotype repre-
sents a unique set of observable characteristics (1-3).
However, within this phenotype we believe that sig-
nificant differences are present in the epidemiological,
demographic, phenotypical, and physiological aspects
when looked at from pediatric and adult perspectives.
Tracing these differences from pediatric population into
adulthood may provide better insight into the course of
the disease for this phenotype. Most investigators define
overweight and obesity as BMI >25 and >30 kg/m?,
respectively in adults. In children, overweight and obesity
are typically defined as BMI of >85th and 95th percentile
(adjusted for age and sex), respectively, unless mentioned
otherwise. In this review, we aim to characterize differ-
ences in obesity-asthma phenotype in the pediatric and
adult populations based on available literature.

Methodology

We conducted an initial Pubmed search using search
terms “obesity;” “asthma,” “epidemiology;” “cluster analy-
sis;” “demography,” “mechanics,” and “FeNO” for studies

published in English and including all ages from 1990
through the present. Bibliographies from the selected
articles obtained through this search were screened for
additional references which were also cross-checked for
pertinent studies. Studies older than 1990, not published
in English language, case reports or case series, review
articles, and studies focusing on non-obese asthmatics or
obesity without asthma were excluded.

Articles were then organized according to their
content, i.e., discussing epidemiology, demographics,
phenotypical variations, and physiological/mechanical
aspects. For phenotypical comparison we selected studies
deliberating airway hyper-responsiveness and fractional
exhaled nitric oxide (FeNO).

After categorizing papers according to their content,
research findings were further divided according to
age groups involved: children (<18 years) and adults
(>18 years) for comparison.

Results

In the sections below, we will compare obese-asthmatic
children and adults from various aspects and summarize
significant findings from literature.
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Epidemiology of obese-asthma phenotype (Findings
summarized in Table 1)

Asthma Incidence: Parallel increase in the incidence
of both asthma and obesity has led to the speculation
that there is a causal relationship between the two. This
observation is supported by the data from retrospective
studies (4), as well as longitudinal studies which are more
indicative of a causal relationship. Among children, obe-
sity seems to increase the risk of incident asthma (5). In
fact, established obesity in early years of life (10 years or
younger) is reported to be an independent risk factor for
incident asthma, particularly in girls (6). A longitudinal
cohort study noted that girls between 6 and 11 years of
age who became overweight or obese had a higher odds
ratio (OR) of developing new asthma symptoms (OR
3.2, CI: 1.1, 8.8) (7). A meta-analysis including 6 studies
reported an overall higher risk of incident asthma (RR
2.02, CI:1.16,3.50) in obese-asthmatic children, with an
even higher risk being reported in boys (RR 2.47; CI: 1.57,
3.87) (8). Another US based study conducted in Southern
California concluded that new-onset asthma was more
common among obese children (RR = 1.60, CI: 1.08,
2.36) with no gender predilection (9). In addition, it has
been shown that the degree of weight gain has a positive
correlation with new-onset asthma: the higher the annual
weight gain, the greater the odds of developing incident
asthma (6).

A positive association between asthma incidence and
obesity has been reported predominantly in women
(10,11). Relative risk of incident asthma can be as high as
2.7 times for a BMI >30 in women (12). In a prospective
study including 4547 participants, increased incidence of
asthma was reported among females with highest gain in
BMI over a 10-year follow-up with a hazard ratio of 1.63
(CI: 1.17, 2.29) (13). However, a meta-analysis including
7 studies and 333,102 subjects identified a dose-response
relationship between increased weight and annual odds of
incident asthma with annual odds ratio (OR) of 1.38 and
1.92 in overweight and obese individuals, respectively
(14).

Asthma prevalence: A noticeable surge has occurred in
the prevalence of asthma and obesity among the children
leading to more health-care utilization (15). Obesity-
related mechanisms accounting for an increased preva-
lence of asthma are evident in multiple cross-sectional
studies focusing on pediatric population (16,17). While
presence of confounding factors such as family history,
exposure to allergens/smoke, etc. can certainly skew the
correlation between obesity and asthma, Mutius et al.
has shown that the relationship between asthma preva-
lence and adiposity in children is persistent even after
controlling for various confounding factors (18).

Recent data from Centers for Disease Control and
Prevention (CDC) notes higher prevalence of asthma in
adults with obesity (11.1%) as compared to adults with
normal weight (7.1%) (19). In adult obese asthmatics,
female gender has higher prevalence (10,20). Coronary
Artery Risk Development in Young Adults (CARDIA)
cohort showed sex-related differences in asthma preva-
lence. Longitudinal follow-up till 50 years of age revealed
that adult-onset asthma was more prevalent among obese
females than males (27.6 vs. 14.7%, P = 0.001) (21).
The asthma-BMI association in females grows stronger
with increasing weight (22). However a Colombian
population-based study including 5539 subjects, reported
significant association between asthma prevalence and
obesity without any significant gender interaction (23).
These studies are highly suggestive of significant asthma
prevalence in obese adults, more so in females than
males.

Reverse Causality: An often overlooked question is
the role that asthma plays in weight gain, and how this in
turn relates to disease severity (24). Theoretically, physi-
cal inactivity and increased systemic steroid use in severe
asthma may cause weight gain. This observation may be
more pronounced in asthmatic children as their mothers
often impose restriction to physical activity due to the
fear of worsening asthma symptoms (25). Children may
limit activity to control exertional asthma symptoms,
thereby reducing energy expenditure and promoting
weight gain (26). Epstein and colleagues examined a
nationally representative cross-sectional sample of 5154
children and adolescents aged 6-16 years from NHANES
III, and found that asthma, television watching, and
maternal BMI were independent predictors of youth
obesity (27). A cross-sectional analysis of Severe Asthma
Research Program (SARP) study found a linear relation-
ship between duration of asthma and increasing BMI in
early-onset asthmatics (<12 years) when compared to
the late-onset group (>12 years) even after restricting the
analysis to severe asthmatics (28).

CDC asthma statistics in 2010 show significantly
higher rate of obesity in adult asthmatics (38.8%) as com-
pared to non-asthmatics (26.8%) (29). To test the same
hypothesis in adults, that obese asthmatics lower their
physical activity resulting in weight gain, Beckett and
co-workers conducted a longitudinal 10-year follow-up
study. Physical inactivity alone, however, failed to explain
weight gain in adult obese asthmatics (13).

In summary, obesity increases the risk of incident
asthma in both boys and girls in general with female
gender having slightly stronger association with incident
asthma if obesity is established in early years of life.
Female predilection is noted more consistently in obese
adults with new-onset asthma. High asthma prevalence is



Table 1. Asthma incidence and prevalence in children and adults with obese-asthma phenotype.
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Asthma Incidence

Population
Reference Characteristics Study Design Results Notes/Comments
Gennuso et al. (4) 171 children aged Case-control retrospective One third of the children included in Asthma diagnosed by a

Chinn et al. (5)

Gold et al. (6)

Chenetal. (8)

Castro-Rodriguez et al. (7)

Gilliland et al. (9)

Chen et al. (10)

Guerra etal. (11)

Camargo et al. (12)

Beckett et al. (13)

Buether et al. (14)

4-16 years of age

9574 children aged
8-9years

9828 children aged
6-14 years

14,083 children aged
5-18 years

1246 children aged
6-13 years

3792 children aged
7-18 years

9149 adults aged
20-64 years

1475 subjects at least
>20 years

85,911 females aged
26-46 years

4547 adults aged
18-30 years

333,102 adults
>18 years of age

study the study had concomitant asthma

and BMI >95th percentile (P = 0.02).

Prospective cohort study Obese children had higher odds of
developing asthma as compared to
their peers with an OR 4.74 (Cl: 2.23,
10.09) in boys and OR of 4.09 (CI:
140, 11.93) in girls.

Established obesity in girls is a risk
factor for incident asthma with
relative risk (RR) 1.41 (CI: 1.07, 1.86).
Extreme annual weight gain
increases the risk for incident
asthma in both boys and girls with
RR of 3.81(Cl:1.88,7.72) and 3.1 (Cl:
1.55, 6.24), respectively.

Obese boys had a significantly higher
risk of incident asthma than obese
girls (RR for boys: 2.47; Cl: 1.57, 3.87;

Prospective cohort study

Meta-analysis

girls: 1.25; Cl: 0.51,3.03). Overall RR for

incident asthma in obese children
was 2.02.

Overweight or obese girls at YR 11 had
more asthma like symptoms at YR 13
(OR3.2; Cl: 1.1, 8.8). This was true for
boys as well, however, not
statistically significant.

Prospective cohort study.

Prospective cohort study
obese children (RR =1.60, ClI: 1.08,
2.36).

The odds ratio for incident asthma
among women whose baseline BMI
was at least 30.0 kg/m? was 1.9 (Cl:
1.1, 3.4), whereas the corresponding
odds ratio for men was 1.1 (Cl: 0.3,
3.6).

BMI >28 kg/m? significantly increased
the risk of acquiring asthma among
female subjects with an adjusted
OR, 3.45 (Cl: 2.10, 5.67), but not
among male subjects (OR, 1.69; Cl:
0.88,3.27).

The study used 3 different definitions
of asthma with significant
correlation between obesity and
incident asthma for all 3 definitions.

Prospective cohort study

Nested case control study
from a longitudinal cohort

Prospective cohort study

Overall incidence of asthma was
reported among females with
highest gain in BMI over a 10-year
follow-up with a hazard ratio of 1.63
(C1:1.17,2.29).

Increase in the OR of incident asthma
due to overweight/obesity was
observed in men (OR, 1.46; Cl: 1.05,
2.02) and women (OR, 1.68; Cl: 1.4,
1.94).

Prospective cohort study

Meta-analysis

medical provider.

Asthma was diagnosed by
a combination of clinical
symptoms and wheezing.

The association between

high BMI and new
onset-asthma became
significant after the year
1982.

Asthmatics included

participants diagnosed
with asthma by a
physician within the past
12 months.

Extreme annual weight
gain defined as >75th
percentile.

Asthma like symptoms

described as infrequent
(<3 episodes per year)
and frequent wheeze (>3
episodes per year).

In results OR included for
frequent wheeze only.

Incident asthma was significant among  Cases include

physician-diagnosed
asthma

Asthma diagnosed by

medical-care provider

The study population only

included females.

Def 1: physician-diagnosed
asthma + use of controller
medication.

Def 2: Def 1+ use of
long-term preventive
medication within 1year.
Def 3: Def 1+ Def2 +
physician-diagnosed
asthma within month

Participants reported

physician-diagnosed
asthma

(Continued on next page)
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Table 1. (Continued).

Asthma Prevalence

Reference

Population
Characteristics

Study Design

Results Notes/Comments

Black et al. (15)

Von Kries et al. (16)

Bibi et al. (17)

Mutius et al. (18)

Shaheen et al. (20)

Kim et al. (22)

Sood et al. (21)

681,122 children aged
6-19 years

9357 children aged
5-6 years

5984 children aged
5-7 years old

7505 children aged
4-17 years

8960 adults at 26 years
of age

45,973 individuals
18-34 years of age

5115 adults with mean
age of 25 years

Cross-sectional study

Epidemiological

cross-sectional study

Epidemiological

cross-sectional study

Epidemiological

cross-sectional study

Population based cohort

study

Cross-sectional study

Prospective cohort study.

Date collected through
standardized

questionnaires at YR27,
YR30, YR32, YR35, YR40,

YR45, and YR50

Adjusted odds of prevalent asthma for  Overweight defined as
overweight, moderately obese, and >85th and <95th
extremely obese children relative to percentiles, moderately
those of normal weight were 1.22 (Cl: ~ obese defined as >95th
1.20,1.24),1.37 (Cl: 1.34, 1.40), and 1.68 percentile, and extremely
(Cl: .64, 1.73), respectively. obese defined as >1.2 x
95th percentile.

Overweight: BMI >90th
percentile and <97th

The odds of being diagnosed with
asthma by a doctor in girls was 2.12

(Cl:1.2, 3.68) for overweight, and 2.33 percentile.
(CI:1.13, 4.82) for obesity. Obesity: BMI >97th
percentile

Asthma symptoms and inhaler use was  Asthma defined as physician
more in obese children as compared diagnosed asthma
to their normal weight peers
(P < 0.0007).

Children in highest BMI quintile had
greater prevalence of asthma (P =
0.0001).

Women with BMI >30 kg/m? had
higher odds of asthma (OR 2.00; Cl:
1.36, 2.94) as compared to obese
men (OR 1.39; CI: 0.89, 2.17).

A strong association between BMI and
asthma among women, but not
among men.

Adult-onset disease was higher among Adult-onset asthma defined
women than men at age 25YR (27.6 as development of asthma
vs. 14.7%, P = 0.001). Increase in >18 years of age.
asthma prevalence was noted Asthma defined as
among women with age for self-reported provider
adult-onset asthma. By age 40YR diagnosis.
adult-onset asthma was dominant
among women (exceeded 50%).

Highest BMI quintile
included children with BMI
20.5-37.2 kg/m?.

Asthma defined as patient
reported asthma.

again noted in both boys and girls with concurrent obe-
sity. In adults, asthma is more prevalent in obese females.

Available data also hints towards a possible reverse
causal relationship (asthma leading to obesity) in children
but not in adults.

Demographic comparison between obese asthmatic
children and adults

1. Effect of Age and Age of Onset: (Findings sum-
marized in Table 2)

Obesity has high comorbidity with asthma (5,13), but
not all obese-asthmatic children are affected equally in
terms of illness severity indicating that obesity—asthma
association is complex and is affected by several factors
such as age of onset of asthma. Cross-sectional analysis of
SARP study revealed early-onset asthmatics (<12 years
of age) with concomitant obesity were more likely to
be African Americans, with greater airway obstruction,
higher bronchial hyper-responsiveness, higher response
rate to bronchodilators, and greater health-care utiliza-
tion. They were also likely to have a linear relationship
between increase in BMI and duration of asthma. For

late-onset obese asthmatics, the median age for asthma
development was 27 years. There was no association
between asthma severity, serum IgE level, and airway
obstruction in late-onset asthmatics. Just like early-onset
asthmatics, higher health-care utilization was noted
among late-onset asthmatics (28).

Age by itself also has important implications on
obesity—asthma relationship. Lang et al. specifically
investigated whether age has any impact on obese-
asthma phenotype. The study comprised of mild persis-
tent asthmatics and found that obese boys who developed
asthma early (6-11 years) had significant reduction of
lung functions as determined by forced expiratory vol-
ume (FEV;)/forced vital capacity (FVC) ratio (P < 0.01)
but fewer asthma symptoms. Within the age group of
12-17 years old adolescents, girls reported more symp-
toms even though the asthma severity did not change.
Adult obese asthmatics aged 18-45 years reported worse
asthma symptoms and reduction in FEV; until the age of
45, but after 45 years of age, no significant decline in lung
function or gender interaction was observed (30).

In summary, age has significant impact on obese-
asthma phenotype particularly in children. There are



Table 2. Effect of age and age of onset in children and adults with obesity and asthma.
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Population Results (Early-onset Results (Late-onset
Reference Characteristics Study Design Asthmatics) Asthmatics) Notes/ Comments
Holguin et al. (28) 1049 adults, subjects Cross-sectional Early-onset obese Late-onset asthmatics Response to

divided into 2 analysis of SARP asthmatics had had. bronchodilator
groups depending study 1. Fewer females 1. More females measured as
on age of onset of 2. More African Americans 2. More African Americans maximal reversal of
asthma. 3. Higher airway 3. Less atopy FEV,.
<12 years of age obstruction as 4. Higher use of controller
(median age 4 determined by medications and
years) and FEVl/FVC ratio (mean health-care utilization.
>12 years of age ratio 0.69), Non-linear relationship
(median age 27 4. More bronchial was noted between
years) hyper-responsiveness increase in BMI and
5. Higher serum IgE asthma duration in
level, late-onset asthmatics.
6. Greater health-care
utilization.
Also noted to have more
weight gain.
Population Results (Age group 6-17 Results (Age group 18-76
Reference Characteristics Study Design years) years) Notes/Comments

Lang et al. (30)

490 participants.

Age 6-76 years.

Divided into 4 age
groups:

6-11years

12-17 years

18-44 years

45-76 years

Observational study

Subjects with age
between 6-11years
had greater reduction
in FEV,/FVCratio (P <
0.01) but reported
fewer symptoms (boys
only).

Adolescent girls with age
12-17 years reported
more symptoms even
though no significant
increase in asthma

Obese asthmatics
>18 years of age
reported worse asthma
symptoms till 45 years
of age. No significant
declinein lung
function was noted
after 45 years of age.

Symptom reporting
based on asthma
control
questionnaire (ACQ)
and modified
asthma control
questionnaire
which excluded
FEV, to create a
score based solely
on patient
perception.

severity was noted.

distinct differences between early and late-onset asth-
matics but they both have greater health-care utilization.
Lang and colleagues reported fewer asthma symptoms in
boys 6-11 years of age and no significant decline in lung
function after the age of 45 years but these findings should
be interpreted with caution as the sample population had
mild asthma severity.

2. Role of Puberty and Menarche: (Findings summa-

rized in Table 3)

Factors associated with gender such as onset of puberty
and menarche ramify the obese-asthma association. Lit-
erature review shows that for overweight children, early-
onset puberty is a significant and independent risk factor
for persistent asthma (31). Once menarche is reached,
adolescent girls appear to be more consistently at risk of
new obesity-related asthma and poor asthma control (7).
Most girls reach menarche in the adolescent period and
manifest stronger asthma-obesity association (32,33).

The obesity-asthma association is significant in
women as discussed in the epidemiology section. Among
adult females with obese-asthma phenotype, early
menarche significantly increases the asthma severity score
(34). The studies have not investigated increased asthma
severity in obese males with early onset of puberty.

In summary, early onset of puberty is a risk factor for
persistent asthma. Early menarche increases the asthma
severity among obese girls and women.

3. Race and Ethnicity : (Findings summarized in
Table 4)

Most of the literature cited previously has looked at
Caucasian populations, with few investigations focus-
ing on subjects of non-Caucasian ethnic and racial
backgrounds.

A cross-sectional study comprising of Hispanic and
Black inner city children with asthma and BMI >85th
percentile noted significant asthma symptoms leading to
missed school days, worsening lung function as measured
by pulmonary expiratory flow rate, and greater use of
controller medications (35). Using central obesity instead
of BMI percentile in African American children seems to
make the BMI-asthma association even more significant
(36). However, this observation is not consistent; being
African American seemed to have a protective effect
on asthma-obesity association in a large cross-sectional
study as noted by Borrell and colleagues. The study did
mention worse odds of asthma among obese Mexican
American girls (37). Kwon et al. reported that Hispanic
children accounted for a larger portion of children who
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Table 3. Impact of menarche and puberty on obesity-asthma phenotype in children and adults.

Reference

Population Characteristics

Study Design

Results

Notes/Comments

Guerra et al. (31)

Castro-Rodriguez et al.
@

Kattan et al. (32)

Lu et al. (33)

Varasso et al. (34)

1246 children (6-16 years)

1246 children (6-13 years)

368 adolescents 12-20
years

4828 children aged
12-19 years

366 adults, mean age 38.7

+/—14.1in men and
355+/—126in
women

Longitudinal cohort
study.Data collected
through questionnaires at
YR6, YR8, YR, YR13 and
YR16

Prospective cohort study.
Data collected from
questionnaires filled at
age 6, 8,11and 13 years

Prospective cohort study

Cross-sectional population
based study

Case-control study

Obese children with continuous wheezing
in pre-pubertal period were 2.34 times
(C11.35,4.07) more likely to experience
unremitting asthma after puberty.

Overweight/obese females at YR11 who
started puberty before 11 years of age
had a significantly higher prevalence of
frequent wheezing at YR11 and YR13.

Higher BMI in females was associated with
more asthma symptom days and
exacerbations.

Overweight/obese girls had higher odds
of history of asthma (OR =1.63, Cl 1.16,
2.30), current asthma (OR =1.73, CI 1.13,
2.64) as compared to obese boys.

Clinical asthma severity score increased in
obese asthmatic females with early
menarche (P = 0.005) and to a much
lesser extent among those without
early menarche (P = 0.03).

Asthma defined as >3
episodes of wheezing
during the previous
year or
physician-confirmed
asthma.

Participants defined as
asthmatics if physician
or a health-care
professional diagnosed
them with asthma.

Patient reported asthma.

Table 4. Racial and ethnic variation in children and adults with obese-asthma phenotype.

Reference

Population Characteristics

Study Design

Results

Notes/Comments

Luder et al. (75)

Musaad et al. (36)

Borrell et al. (37)

Kown et al. (38)

Kim et al. (22)

Celedon et al. (41)

Mishra et al. (42)

209 children aged
2-18 years

123 children (5-18 years)

2174 children (8-19 years)

853 children (2-11 years of
age)

45,973 adults (18-34 years)

7109 adults, mean age 37.7
+/—11.9 for men and
375 +/—12.0 for
women

82,464 non-pregnant
women aged
15-49 years

Cross-sectional study.

Case-control study

Cross-sectional study

Cross-sectional study

Cross-sectional study

Prospective cohort
study

Cross-sectional study

The obese-asthmatic African American
and Hispanic children had greater
asthma severity as defined by >30
school day missed annually (P =
0.03), pulmonary expiratory flow
rate (PEFR) value less than or equal
t0 60% of predicted value (P =
0.001), and three or more asthma
medications prescribed (P = 0.05).

Significantly more African American
subjects with central obesity in the
asthmatic group (43.13%) versus the
control group (34.09%, P < 0.05).

African American girls were more likely
to have better odds of controlled
asthma (OR, 0.65; 95% Cl, 0.41-1.05),
whereas Mexican American girls had
a1.91(95% Cl, 1.12-3.28) greater odds
of worse asthma control.

Hispanic girls and boys in the age

Asthma diagnosed by

pediatrician or pediatric
pulmonologist.

Central obesity defined by

coincity index: waist
circumference (m)/0.109 x
square root
(weight[kg]/height[m]).
Asthma defined by ATS
guidelines.(76)

Asthma control defined as

controlled, partially
controlled, or poorly
controlled based on NHBLI
guidelines. (77)

Limited power due to small

group 6-11 years accounted for a numbers.
greater proportion of asthma cases
as compared to African American
and non-Hispanics.
African American and Hispanic men Study excluded

with BMI > 30 have higher odds of
current asthma (OR2.9 and 2.7,
respectively).

Chinese women with a BMI of > 30
had an OR of 2.1 (CI 1.0, 4.3) to have
asthma. Results not significant in
men.

Obese women in India have
substantially higher risk of asthma
than women with a normal BMI (OR
1.85; 95% Cl:1.30,2.63), after
adjusting for several confounding
factors.

race/ethnicity other than
white, black, or Hispanic.

Asthma defined as both

physician-diagnosed
asthma and positive result
to methacholine challenge
test.

Self-reported asthma. The

sample size included

women <18 years as well.




Table 5. Airway hyper-responsiveness (AHR) in obese asthmatic children and adults.

JOURNALOF ASTHMA (&) 7

Population
Reference Characteristics Study Design Results Notes/Comments
Tantisira 1041 children aged Cross-sectional No significant association was found Analysis included mild to moderate
etal. (78) 5-12 years analysis of a between BMI, waist circumference, and asthma severity. Methacholine
randomized waist to hip ratio and airway reactivity sensitivity performed with a
controlled trial to methacholine in obese asthmatics. provocative concentration (PC,;) of less
than 12.5 mg/ml.
Hancox et al. 1037 children aged Prospective cohort BMI had an inverse relationship with Airway hyperresponsiveness was defined
(46) 9-21years study airway hyperresponsiveness in females as provocative concentration of
and no significant association in males. methacholine to induce a 20% fall in
FEV, of 8 mg/ml or less, or an increase
in FEV, of 10% or greater.
Celedon 7109 adults Cross-sectional study Among men and women with asthma BMI Symptomatic AHR defined as the presence
etal. (41) >18 years of age of 30kg/m? was associated with of at least two respiratory symptoms
significant AHR with OR 2.3 (C11.2,5.0) (cough, wheezing, dyspnea or
and OR 2.3 (C11.2, 4.5), respectively. nocturnal cough/wheezing/dyspnea) or
history of asthma attacks, as well as a
>20% fall in FEV, from baseline after
administration of <8 mg of
methacholine per ml.
Schachter 1971 adults aged Epidemiological study After adjusting for age, atopy, smoking, Recent wheeze defined as presence of
etal. (49) 17-73 years and family history, severe obesity (BMI wheeze in the past 12 months. Asthma

>35 kg/m? was a significant risk for
recent wheeze without AHR (OR 3.33,

defined as presence of wheeze +
physician-diagnosed asthma.

p = 0.0001). No significant correlation
between BMI and airway
responsiveness was observed

(p =0.07).

were both overweight/obese and had asthma than Black
and non-Hispanic children (38). Strong asthma-obesity
association is also seen in children from middle east (39)
and Puerto Ricans (40).

In adults, significant association between asthma
and high BMI is noted predominantly in men with
African American and Hispanic background (22). It is
possible that these population sub-groups are under-
represented as most investigations focus on Caucasian
population (13,20). Two other studies, one conducted
in rural China and the other including Indian women
reported significant obesity—asthma association in the
studied population (41,42). But these two studies have
significant limitations in terms of having only a small
percentage of morbidly obese adults and therefore
making it hard to extrapolate the findings to general
population (41), and including asthmatics with self-
reported asthma as opposed to physician-diagnosed
asthma (42).

In summary, the obese-asthma association has also
been reported in many non-Caucasian racial and ethnic
backgrounds. The few inconsistencies between reports
may be explained by differences in sample size and
population characteristics.

Phenotypical variations

1. Airway Hyper-responsiveness (Findings summa-
rized in Table 5)

Obesity has been regarded as a state of chronic inflam-
mation and is linked to airway hyper-responsiveness
(AHR) (43,44). One would expect greater airway reac-
tivity in obese—asthmatic children but literature review
suggests otherwise. Cross-sectional analysis of the Child-
hood Asthma Management Program (CAMP) cohort
revealed no statistically significant relationship between
high BMI and AHR to methacholine in obese asth-
matic children after adjustment of baseline FEV; (45).
Another US based prospective cohort study including old
obese asthmatics revealed inverse relationship between
increase in BMI and AHR (46). Positive correlation is
reported between high BMI and AHR in obese non-
asthmatics but not in obese-asthmatic children. BMI
either does not affect or has an inverse relationship with
AHR once the asthma phenotype has been established
(21).

Investigators have explored the relationship between
high BMI and AHR in adults, but most studies do not
clarify whether the individuals included in the study had
diagnosed asthma (47,48). However, in a cross-sectional
study conducted in rural China, BMI of 30 kg/m?
was associated with more symptomatic AHR (defined
as asthma as it combined respiratory symptoms with
spirometry) (41). One Australian study reported no
association between BMI and AHR to histamine in
a population of severely obese with wheezing, only a
subset of which had physician-diagnosed asthma. The
study did not report whether an association was present
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Table 6a. Fractional exhaled Nitric Oxide in children with obese-asthma phenotype.

Pediatric Population

Association Between Age of Study

Obesity and FeNO in Year of Population Positive Negative

Asthmatics Author Publication (Years) Correlation Correlation No Correlation
Wong et al. (52) 2005 1-18 X
Leung et al. (53) 2004 7-18 X
Barros et al. (57) 2006 15-73 X
Santamaria et al. (54) 2007 6-18 X
Han et al. (58) 2014 6-17 X
Erkocoglu et al. (55) 2013 6-17 X
Cibella et al. (56) 201 10-16 X
Yao et al. (59) 20m 5-18 X
Kattan et al. (32) 2010 12-20 X

for the subset of subjects with physician-diagnosed
asthma (49).

In summary, AHR appears to have either no associa-
tion or inverse association with BMI in obese-asthmatic
children. The relationship is unclear for adults as the
available data is limited and inconsistent.

2. Fractional Exhaled NO in Obese Asthmatics
(Findings summarized in Table 6a and 6b)

Obesity is known to activate inflammatory pathways
causing high-exhaled NO (50). Surprisingly most inves-
tigations including obese children with asthma either
did not find any correlation between FeNO and obe-
sity (32,51-56) or negative correlation between the two
(57-59). Findings are not limited to studies using BMI
as a marker of obesity in children, in fact all markers of
adiposity in asthmatic children including percent body
fat (PBF) and waist circumference (WC) are associated
with low FeNO (58).

Similar to children, in adult asthmatics FeNO and
obesity either have a negative correlation with each other
(57,60-62) or no correlation at all (32,51,63-65). In
addition to BMI, other markers of adiposity such as waist
to hip ratio and body fat also have a negative correlation
with FeNO (61).

In summary, exhaled NO either has negative correla-
tion or no correlation with obese-asthma phenotype, and
this holds true for both pediatric and adult population.

Mechanical/physiological alterations (Findings
summarized in Table 7)

In asthma there is disproportionate reduction in FEV;
as compared to FVC, resulting in reduced FEV,/FVC
ratios. Children with severe asthma have lowest FEV;
and FEV,/FVC ratios that persist in the later decades of
life (66,67). But reduction in FEV; and FVC in obese-
asthmatics is not uniformly reported. Increase in BMI is
associated with higher FEV; and FVC but overall reduc-
tion in FEV;/FVC ratio as noted in a cross-sectional
analysis of CAMP cohort (45). Chu and colleagues found
similar association where obesity resulted in increased
FEV; and FVC but a drop in FEV;/FVC ratio (68).
The aforementioned investigations have used BMI as a
marker of obesity and one can argue that BMI in children
is affected by growth and does not differentiate between
lean body mass and adipose tissue which can potentially
alter the results. However, when markers of obesity other
than BMI, like PBF and WC were used, FEV;/FVC ratio
still declined as noted by Han and colleagues. The study
did not note any significant change in FEV; and FVC
(58).

In adult obese asthmatics, the consensus is that obe-
sity does not cause airflow obstruction as measured by
FEV,/FVC ratio. The ratio may increase if significant air
trapping occurs and reduces FVC in obese asthmatics
(69). But pooled data from three large epidemiological

Table 6b. Fractional exhaled Nitric Oxide in adults with obese-asthma phenotype.

Adult Population

Association Between Age of Study

Obesity and FeNO in Year Of Population Positive Negative

Asthmatics Author Publication (Years) Correlation Correlation No Correlation
Van Veen et al. (60) 2008 18-75 X
Mclachlan et al. (63) 2007 32 X
Barros et al. (57) 2006 15-73 X
Komakula et al. (61) 2007 18-70 years X
Kazaks et al. (64) 2005 Not provided X
Kattan et al. (32) 2010 12-20 X
Berg et al. (62) 201 25-74 X

Sutherland et al. (65) 2008

19-50 X




Table 7. Lung function in children and adults with concomitant obesity and asthma.
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Reference

Population
Characteristics

Study Design

Results

Notes/Comments

Tantisira et al.
(78)

Chen etal. (68)

Han et al. (58)

1041 children aged
5-12 years

170,547 children, out of
which 15,039
children (age
13-16 years)

2681 children aged
6-17 years

Cross-sectional
analysis of a
randomized
controlled trial

Cross-sectional
epidemiological
study

Cross-sectional study

Increase in BMI lead to increase in FEV, (P
= 0.01) and even greater increment in
FVC (P = 0.0001). But FEV,/FVC ratio
declined in obese asthmatics (P =
0.0001)

Significant increase in FEV, and FVC noted
in obese-asthmatics with overall
declinein FEV1/FVC (boys > girls).

All markers of obesity including high BMI,

Lung volumes noted post
bronchodilator.

Small sample of children

Cross-sectional
epidemiological
study

Schachter et al.
(49)

1971 adults aged
17-73 years

percent body fat and waist with obesity and
circumference were associated with concomitant asthma (n
reduced FEV,/FVC. = 86)

Severe obesity (BMI > 35) did not have any
significant impact on FEV,/FVCratio.

studies reported no significant impact of obesity on
FEV,/FVC ratio in individuals with asthma (49).

In summary, FEV;/FVC ratio declines in obese-
asthmatic children but no such impact is noted in
obese-asthmatic adults.

Observations from cluster analysis

There are more obese adults with severe asthma than
children (70). It would be interesting to see whether obe-
sity has any affect on cluster analysis in both asthmatic
children and adults.

Clusters derived from the analysis of SARP resulted
in 4 novel asthma phenotypes in children (71). All clus-
ters were characterized by some degree of atopy with
variable magnitude of allergic sensitization. Surprisingly,
BMI did not have any noticeable implications on cluster
analysis (p = 0.522). The major determinants of asthma

Table 8a. Cluster analysis findings in asthmatic children.

phenotype were asthma duration, number of asthma con-
troller medications, and baseline lung function. (Table 8a)

In adults, three cluster analysis (1,2,65) identified a
unique obese-asthma phenotype. This specific asthma
phenotype was female predominant, characterized by
late-onset asthma, had low FeNO, non-eosinophilic by
sputum characterization, non-atopic, and less likely to
respond to conventional asthma treatment. (Table 8b)

High BMI does not play a substantial role in cluster
analysis including asthmatic children but does form a
separate phenotype in adult asthmatics.

Discussion

Comparing children and adults with obese-asthma phe-
notype has put forward both similarities and differences.
Obesity increases both the incidence and prevalence of
asthma in children and adults but there is significant

Mean
Gender Duration of BMI >90th
Mean Age Female/Male  Onset of Asthma Percentile Lung Controller
Author Cluster (Years) (%) Asthma (Months) Race FeNO (ppb) (%) Functions Medications
Fitzpatrick ~ Cluster1 9 54/46 Late onset 38 More 7 27 Normal Fewer controller
etal. (3) non-Hispanic medications
white with low daily
subjects use of ICS.
Cluster 2 10 48/52 Early onset 95 Similar to 9 31 Normal Increased use of
Cluster1 controller
medication and
high daily dose
of ICS
Cluster 3 15 34/66 Early onset 170 Fewer 12 38 Mild airflow  Frequent use of
non-Hispanic limitation oral steroids.
white
subjects
Cluster 4 12 34/66 Early onset 129 Highest 14 21 Advanced Highest daily dose
prevalence of airflow of ICS.
African limitation
American
subjects

Note. Table based on cluster analysis findings by Fitzpatrick et al.
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gender interaction. It appears that available longitudinal
studies do suggest a causal relationship between obesity
and new-onset asthma in children and women. Unlike
children where obesity increases asthma incidence in
both boys and girls, incident asthma is more common in
obese adult females. Available data also point toward the
possibility of children with asthma being at highest risk
of weight gain. But this idea of reverse causality is unclear
in adults as currently research findings are limited.

In general, asthma prevalence is seen in both obese
boys and girls. But asthma is far more prevalent in
obese females than men. This is consistent with findings
reported by Sood et al.; subjects who developed asthma
after 18 years of age consisted primarily of women by the
time they were 40 (years) and the association was further
strengthened by the presence of obesity (72). Obesity in
females can be listed as an independent risk factor for
asthma development.

Patient demographics like age and age of onset of
asthma have significant repercussions on asthma-obesity
relationship. Two observations are noteworthy: Firstly,
early-onset asthma in obese children promotes likelihood
of developing atopic sensitization and bronchospasm.
Secondly, asthma symptoms in obese asthmatics correlate
with disease severity in children less than 12 years of age,
but the correlation between symptoms and disease sever-
ity does not hold for adolescents girls, who tend to report
greater asthma symptoms even with mild asthma severity.
Increased reporting of asthma symptoms despite mild
disease severity suggests presence of additional mecha-
nistic factors responsible for asthma symptoms. There is
also the possibility of obese-asthmatic children limiting
their physical activity to prevent asthma symptoms (26);
however, this would not explain fewer symptoms in boys
only. Early-onset asthma may be driven primarily by
atopy and disease severity in children <12 years of age,
and obesity contributing to asthma symptoms after age
of 12 years. Independent of the age, all obese asthmatics
have higher health-care utilization.

Early onset of puberty is an important determin-
ing factor for asthma severity in both girls and women.
Obesity by itself is linked to higher serum level of sex hor-
mones in females, early menarche, and asthma which can
potentially explain the relationship. Obese males are also
susceptible to greater asthma symptoms, but the asso-
ciation is not as significant as females. Gonzalez-Garcia
et al. reported significant under-diagnosis of asthma in
males >64 years of age. Additionally, increased asthma
prevalence asthma is noted in men of non-caucasian
ethnicities such as Hispanic and African Americans.
This may lead to inflated asthma prevalence difference
among male and female obese asthmatics as a significant
number of investigations focus on young or middle-aged
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Caucasians, leading to underrepresentation of elderly
males and males from ethnic minorities.

Most physicians consider presence of AHR as one
of the criteria to define asthma. Unfortunately, most
of the available studies comment on AHR in children
and adults with high BMI but not necessarily with con-
comitant asthma. The few studies that have included
obese-asthmatic children did not report any correla-
tion or report a negative correlation between AHR and
increasing BMI despite poor asthma control. In adults,
the data is limited on whether AHR has any implication
on obese—asthma association or not. It is worth mention-
ing here that inhaled corticosteroids do affect the AHR
and since most of the obese asthmatics are on controller
medications, it is plausible that absence of AHR may not
be accurate (73).

Also, there is lack of association or negative correlation
between exhaled NO and obesity in in asthmatic adults
and children. Reduced fractional exhaled NO may be
due to increase in oxidative stress leading to creation of
more reactive oxygen species with subsequent conversion
of airway NO into reactive nitrogen species (61) and
use of inhaled corticosteroids (55). Thereby, altering the
total amount of exhaled NO. Alternative methods should
be explored to assess the severity of asthma in obese
asthmatic children and adults.

Asthma is considered an obstructive lung disease with
reduced FEV,/FVC ratio in response to methacholine
challenge test. In obese-asthmatic children, FEV,/FVC
ratio does represent an obstructive pattern but the
changes in FEV; and FVC are less consistent. How-
ever, in adult obese asthmatics, the ratio either remains
unchanged or increases; this does not necessarily mean
absence of obstructive lung disease pattern, as periph-
eral airways have more elastance in obese asthmatics
which is not reflected by traditional lung function tests.
Impulse oscillometry (I0S) may be a more useful tool
in obese individuals with asthma instead of established
lung function tests. In majority of adults, BMI represents
excess adiposity instead of lean mass which can lead to a
restrictive effect on thoracic cavity. Another explanation
for the lung functions to be largely unaffected in obese
asthmatics can be differential influence of obesity on lung
airways. Obesity impacts peripheral lung airways more
as they are more prone to collapse than larger airways,
which is not depicted accurately by traditional lung
function tests (74). IOS measures lung impedance over a
range of frequencies without involving large changes in
lung volume and therefore can reflect subtle changes in
distal airways of obese asthmatics. In asthmatic children,
studies specifically designed to review impact of obesity
on impulse oscillomtery are not available to depict its
usefulness.
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Lastly, high BMI is not a pivotal factor in determining
asthma clusters in children as the percentage of children
with high BMI was almost similar across the clusters.
However, it is important in identifying a unique pheno-
type in adults which is non-atopic, female predominant
and associated with increased health care utilization.

Conclusion

There are significant differences and similarities present
in obese-asthmatic children and adults. Weight gain
increases the risk of asthma in both adults and children.
In children, weight gain in early years of life and early
onset of puberty are risk factors for new onset and severe
asthma. The severity of asthma symptoms become more
pronounced in girls after menarche and continues later
in life. In children, asthma-obesity association is con-
sistent across all ethnic backgrounds with no significant
difference, but among adults, men from ethnic minorities
appear to have higher prevalence of obese—asthma phe-
notype. Contrary to expectations, AHR and exhaled NO
do not increase in obese-asthmatics children and adults,
therefore, new markers for asthma severity should be
sought out in this patient population. Lung function tests
do reflect obstruction in obese-asthmatic children, but in
adults they may not be accurate.
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