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Purpose of review

Obesity is a chronic condition affecting children worldwide. However, the prevalence is higher in
asthmatic children. Obese children most likely become obese adults. Understanding the clinical
presentation of this subgroup is essential to their clinical management, now and in the future. This review
highlights the most recent findings over the past 18 months in understanding the presentation and potential

mechanisms of obesity in childhood asthma.

Recent findings

Recent research suggests that inhaled corticosteroid efficacy is reduced in obese asthmatic children
whereas ventilatory function and bronchoreactivity appear to be marginally affected. A paucity of studies
describing airway inflammation and lung volume measurements in this subgroup limits their clinical
characterization. Recent studies indicate metabolic abnormalities that typically manifest with excess
adiposity may be associated with asthma, providing an interesting factor in the asthma—obesity link. The
inception, persistence and composition of obesity prove important considerations for future studies.

Summary

Highlighted is the need for more descriptive airway inflammation studies, lung volume assessments and
longitudinal studies to better characterize the obese asthma phenotype in children and understand the
pathogenesis from childhood to adulthood. Understanding the manifestations and mechanisms of obese
asthma in childhood will help direct clinical management and targeted therapeutic interventions.
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Asthma, overweight and obesity are the most com-
mon chronic morbidities in children from economi-
cally developed regions, affecting up to one in six
and one in five children respectively [1,2]. Alarm-
ingly, the prevalence of overweight and obesity
increases further if asthma is present, with this trend
being reported in children from America, Australia
and Denmark [3-35]. A recent study [6"] in asthmatic
children found more than one-third were over-
weight or obese. Indeed, the prevalence of asthma
has also been reported to be significantly greater in
obese and morbidly obese children compared with
those of a healthy weight' [7*%]. Although the obese
phenotype in asthma has gained momentum in
recent years and has been characterized in adults

"The terms ‘healthy weight’, ‘overweight’ and ‘obese’ refer to pre-deter-
mined cut-points based on the normal distribution of age- and sex-
specific population values for paediatric BMI values. These categories
are defined as follows: healthy weight 5" — <85™ BMl-percentile;
overweight >85" — <95™ BMI-percentile; obese >95™ BMI-percentile.
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[8,9], its clinical presentation in childhood has not
been thoroughly investigated. The manifestations,
mechanisms and management of both obesity and
asthma differ through the life stages. Importantly,
the pathogenesis and presentation of obese asthma
in children are likely to differ from those of adults
(Table 1) [8,9,10"-12%,13",14",15-21,22%,23-27].
In agreement with previous literature, an associ-
ation between asthma and obesity in children and

#Department of Respiratory and Sleep Medicine, Hunter Medical
Research Institute, John Hunter Hospital, Newcastle, NSW 2310, Aus-
tralia and PCentre for Asthma and Respiratory Diseases, University of
Newcastle, NSW 2308, Australia

Correspondence to Peter Gibson, Department of Respiratory and Sleep
Medicine, Level 3, Hunter Medical Research Institute, John Hunter
Hospital, Locked Bag 1, Hunter Region Mail Centre, Newcastle,
NSW 2310, Australia. Tel: +61 2 4921 3467; fax: +61 2 4985
5850; e-mail: Peter.Gibson@hnehealth.nsw.gov.au

Curr Opin Allergy Clin Immunol 2012, 12:000-000
DOI:10.1097/ACI.0b013e3283508df5

www.co-allergy.com

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


mailto:Peter.Gibson@hnehealth.nsw.gov.au

Pediatric asthma and development of atopy

KEY POINTS

e Overweight and obesity is higher in children with
asthma compared with general population.

e The timing of onset and persistence of obesity, and the
composition of excess mass are important
considerations for future studies.

o Manifestations typical of excess adiposity, for example,
insulin resistance, may be important in the asthma—

obesity link.

e Obese asthma remains to be adequately characterized
in children and descriptive airway inflammation studies
and lung volume measurements are required.

adolescents was reported in recent studies
[7%%,22%,28,29",30"]. Two recent analyses [13"",22"]
of large cohorts reported that increased BMI and/or
adiposity in children were associated with increased
asthma symptoms, asthma exacerbations and emer-
gency department presentations. However, a con-
trasting report [6"] found no significant difference in
baseline quality-of-life, asthma severity classifi-
cation or prospective healthcare usage between
healthy weight, overweight or obese children.

The nature of the relationship between obesity
and asthma in children remains to be elucidated.
Multiple mechanisms, primarily surrounding
obesity physiology, comorbidities and the hyper-
secretion of proinflammatory mediators as the
causal factor, have been proposed [18,31]. Given
that a rise in prevalence of both conditions has
paralleled westernization, it is also plausible that

shared environmental factors are common to the
rise of both obesity and asthma in childhood.
Characteristic of westernization is the ‘obesogenic
environment’, which encourages a chronic excess
intake of energy and an increased ratio of physical
inactivity: activity. Given the perpetual rise in
global childhood obesity rates, the presentation of
the obese asthmatic child will likely become more
common in the clinical setting. Therefore, it is
essential that we begin to understand the mechan-
isms and manifestations of asthma in this subgroup
of children to appropriately inform clinical manage-
ment. This review will summarize the most recent
developments in exploring the link between asthma
and obesity in childhood.

Evidence in adults suggests that obesity is associated
specifically with nonatopic asthma [8]. Although
the association between obesity and asthma exists
in both atopic and nonatopic children, it is report-
edly stronger in the absence of atopy [22%]. Whereas
Yoo et al. [28] found no association between BMI
and atopy, another study [32] found overweight
children were more likely to be atopic compared
with their healthy weight peers.

Obese asthma has been described in adults as a
distinct clinical phenotype requiring alternative
approaches to clinical management [9]. Studies
examining airway differential cell counts have

Table 1. Clinical manifestations of obese asthma

Manifestations

Child Adult

Airway inflammation [8,9,10"-12"]
Systemic inflammation [8,12%,13""]
Steroid response [14"®,15-17]
Bronchial hyperreactivity [10%,12%,18-21]
Prevalence
Severity
Severity [6",13"",18,22", 23-25]
Symptoms
Health care usage
Medication use
Lung function: [6%,19,26,27]
Obstruction
Restriction
Quality-oflife [6®,20]

— T (neutrophilic)

T T

! !
/1 —/1
T J—

T T
/1 1

T T
—/1 T

¢ T
—/1 !

—, No difference between obese vs non-obese asthma; 1, increased in obese vs non-obese asthma; |, decreased in obese vs non-obese asthma; ¢, data based on

eNO only; 2, data unavailable.
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suggested that obese asthma in adults exhibits a
noneosinophilic pattern with significant neutro-
philia, particularly predominant in women [8,9].
However, there are minimal sputum studies in chil-
dren, and to our knowledge none has investigated
airway inflammation in obese children. Although
exhaled nitric oxide (eNO) is increased in healthy
weight asthmatic children and obese nonasthmatic
children compared with healthy weight, healthy
controls, no clinically significant difference in
eNO has been found between obese and healthy
weight asthmatic children [10"-12"]. In fact, excess
weight as determined by adjusted BMI or total per-
centage body fat is not associated with eNO in
asthmatic children [13""]. However, differential cell
count studies may demonstrate differences in air-
way inflammatory cells between obese and nonob-
ese children and further investigation is required.

Obesity adversely affects lung function in adults, both
with and without asthma. The greatest reductions in
adultsare seen in expiratoryreserve volume (ERV) and
functional residual capacity [19,26]. However, in the
obese child, ventilatory function appears to be largely
unaffected, and lung volume measurements have not
been reported. A recent large prospective trial [6]
which enrolled children and adults with asthma
reported asignificantly decreased baseline forced vital
capacity (FVC) in obese adults which was not present
in obese children. In fact, multiple studies
[6%,10%,12%,14,32] have reported no difference in
baseline forced expiratory volume in 1s (FEV;) or
FVC between healthy weight, overweight and obese
asthmatic children. However, a recent posthoc
analysis of data from the Childhood Asthma Manage-
ment Program (CAMP) found a significantly reduced
FEV/FVC in children at or above the 85th BMI per-
centile compared with healthy weight children [14™].
This was supported by similar findings in Korean
adolescent males [32]. Likewise, in a large sample of
predominantly non-Caucasian urban American
youths, an inverse relationship between FEV/FVC
and both percentage body fat and BMI was reported
[13™]. Although, Peters et al. [6"] reported the pro-
portion of asthmatic children with significant airway
obstruction (determined by a FEV,/FVC <75%) to be
similar between normal weight, overweight and
obese children.

Interestingly, smaller cross-sectional studies
[10%,12"] have noted significant deficits in lung func-
tion in obese children without asthma that did not
exist in obese children with asthma. Reductions in
baseline forced expiratory flow (FEF),5_75 between
obese and normal weight children, with and without
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asthma, have been reported by Baek et al. [12%]. How-
ever, in addition, obese children without asthma had
significant reductions in baseline FEV, and FEV/FVC
compared with healthy controls [12"]. In another
study [10"], obesity wasindependently related to peak
expiratory flow and maximal expiratory flow at 75%
(MEF;s) of the FVC with significantly lower baseline
valuesin the obese children with and withoutasthma,
compared with healthy controls. However, these
differences were not evident between obese and nor-
mal weight asthmatic children [10%], suggesting that
the effect of obesity may be small compared with the
effect of asthma. Given that the greatest deficits in
lung function with adult obesity are seen in ERYV, it
would indicate that lung volume assessment is
needed in future studies of childhood obesity.

Recent studies provide conflicting evidence as to
whether the severity of bronchial reactivity is greater
in obese children. Two recent studies [10%,12"] did not
find a significant difference in the prevalence of
bronchial hyperresponsiveness (BHR) between over-
weight/obese and normal weight asthmatic children,
although another study [32] did find BHR to be
significantly higher in overweight asthmatic females.
In a cross-sectional study [12"], obese asthmatic chil-
dren had the greatest FEV; reduction postexercise
and a greater area under the FEV; time curve over a
20 min postexercise time period (expressed as a per-
centage change from baseline x minutes) compared
with healthy weight asthmatic children, indicating
that although bronchoconstriction in asthmatic chil-
dren may not be more prevalent, it may be more
severe, in those who are obese. Of interest, these
differences were no longer evident after adjusting
for serum leptin and adiponectin levels [127],
suggesting that the mechanism of action in broncho-
constriction may be via increased systemic inflam-
mation created by excess adiposity, rather than the
mechanical effects of excess weight. A similar study
[10%] found obese children, both with and without
asthma, had significantly lower postexercise MEF;5
compared with healthy controls. However, there was
no difference between obese and healthy weight
asthmatics. Furthermore, the healthy weight asth-
matics experienced a significant reduction in FEV;,
FVC and FEF,s_75 postexercise, whereas the obese
asthmatics had a significant reduction in only
FEV/FVC postexercise [107].

Obesity in asthmatic adults has been associated with
resistance to inhaled corticosteroids (ICS) [15,16]. A
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decrease in corticosteroid efficacy in obese asth-
matic children has also been suggested by studies
[20,23] of more frequent and more severe exacer-
bations, and increased use of rescue short-acting 3,-
agonists and steroid-based medications. The effect
of inhaled budesonide (400 ug daily) in overweight
and obese children enrolled in the 4-year prospec-
tive CAMP trial [14™], is reportedly reduced in mag-
nitude and significance, suggesting steroid
insensitivity may be present in children with a
higher BMI. Compared with patients receiving
placebo/nedocromil, healthy weight asthmatics
had initial and continued improvements in FEV;,
FEV1/FVC and bronchodilator response with bude-
sonide, whereas overweight and obese children had
only minor initial improvements in FEV; and bron-
chodilator response with no further improvements
in any lung function variables over time [14™].
Furthermore, although there was a significant
reduction in the number of prednisone courses
required by overweight/obese children receiving
budesonide compared with those on placebo/
nedocromil, the magnitude of effect was not as great
as that reported for healthy weight asthmatics.
Unlike the healthy weight asthmatics, there was
no change in emergency department presen-
tation/hospital admissions for obese children

treated with the same ICS dose [14"]. These results
may suggest that ICS efficacy in the obese asthmatic
child is reduced. This is an important finding given
the predominate use of ICS to control childhood
asthma and may be relevant to the clinical manage-
ment of the obese child, and therefore requires
further investigation.

MECHANISMS OF OBESE ASTHMA

Given that the clinical presentation of obese asthma
appears to differ in children compared with adults, it
is plausible that the mechanisms may also differ.
Research is indicating that the timing of both
obesity and asthma onset influences the present
and future clinical presentation of the obese indi-
vidual with asthma, and therefore the mechanisms
must differ [33"%,34",35"] (Fig. 1).

GROWTH AND BODY COMPOSITION

Hypothesized mechanisms for the deleterious effect
of obesity upon respiratory status have focused on
the effects of excess fat mass. However, most studies
define obesity by measures of BMI, a crude trans-
lation of adiposity. Obesity defined by BMI measures
describes excess collective mass, that is, both lean

T Leptin : adiponectin
T Serum lipids
T Insulin resistance

AN

Fat mass

4

Airway inflammation
severity
steroid efficacy
lung function

i Obesity
composition

Time of obesity onset
obesity duration
growth phase
genetic predisposition
lifestyle factors

- Lung development
— Respiratory strength

/

Lean mass

L

FIGURE 1. Mechanisms of paediatric obese asthma. Multiple factors influence body composition, which may be an important
factor when considering the effects of excess mass upon respiratory status. Lean mass may attenuate detriments in lung
function caused by excess adiposity and may have neutral effects on other clinical asthma markers.
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and fat mass. This is an important consideration
particularly in paediatrics, as the changes in body
composition that occur with obesity have differen-
tial effects upon lung function. Indeed, unpublished
data from our group have demonstrated positive
effects of increased lean mass on lung function in
obese and nonobese children, whereas fat mass was
detrimental (Jensen et al., unpublished data).

Children follow a growth trajectory with periods
of growth acceleration. Characteristic of growth is
the favoured deposition of lean mass, in addition to
fat mass. However, in adults the deposition of fat
predominates with increasing weight. There are
three critical periods of high adiposity risk that
are thought to determine persistent childhood
obesity: prenatal, adiposity rebound and adoles-
cence [36]. Periods of growth outside the critical
periods for increased adiposity may not be linked
to asthma outcomes. One study [33""] noted that the
development of obesity at age 5 years, correspond-
ing approximately to the period of adiposity
rebound, was associated with increased risk of
asthma diagnosis and poorer lung function at age
6 and 8 years. However, excess weight in the period
prior to this was not related to any future asthma
outcomes. In fact, a higher BMI in infancy was
associated with a reduced risk of asthma and greater
lung function as a child [33""]. The first 12 months of
life is a rapid growth stage and a higher BMI may
reflect the optimal deposition of lean mass and/or a
state of adequate nutrition which may influence
lung development in early life.

Although body composition studies in adults
have reported that fat mass is inversely associated
with respiratory status, well designed studies are
required in children, as use of BMI z-score can be
misleading. Indeed, one study [37"] found no differ-
ence in weight or BMI z-score between asthmatic
children and healthy controls. Despite this, the
percentage of adiposity was significantly greater in
the asthmatic children [37"]. Recent data have
suggested that an increased childhood BMI is associ-
ated with increased adult FEV; and FVC [34"]. How-
ever, these seemingly positive effects disappeared
after adjusting for indirect measures of lean body
mass (handgrip strength and derivations from skin-
fold tests).

Differential effects of obesity on lung function
may also reflect the duration of obesity, that is, the
longer the period of obesity, the more detrimental
the effect upon respiratory status. Significantly
reduced lung function in overweight and obese
female adults was recently reported to be evident
only in those who were overweight or obese as a
child [34%]. In this group of women, an interaction
effect between age and BMI was reported, indicating
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a worsening decline in lung function with persisting
obesity as they aged [347]. In another study [357],
authors compared lung function of obese paediatric
and adult patients divided into groups according to
the duration of obesity (<5, >5-10, >10-15, >15
year). After controlling for age and the presence of
comorbidities such as asthma, decrements in venti-
latory lung function and lung volumes was signifi-
cantly greater in those with the longest duration of
obesity [35"]. This suggests that the onset and
duration of obesity, as well as the composition of
the excess weight, may be an important consider-
ation when assessing effects upon lung function.
Longitudinal studies, including direct measures of
body composition, are required to investigate the
progression of obese asthma from childhood to
adolescence and adulthood.

In obesity, the endocrine functions of adipose tissue
lead to a chronic inflammatory state that contrib-
utes to the development of multiple chronic dis-
eases, including cardiovascular disease and diabetes.
Increased systemic inflammation has been hypoth-
esized as a potential link between asthma and
obesity in childhood, by augmenting airway inflam-
mation [31]. However, this hypothesis has not been
thoroughly investigated in children, largely due to a
lack of descriptive airway inflammation studies.
Increased systemic inflammation is evident in
obese adults compared with nonobese adults with
asthma, particularly increased plasma leptin and
interleukin-6 (IL-6) levels, and reduced adiponectin
levels [8,38]. Circulating levels of both IL-6 and C-
reactive protein were recently reported to be weakly
but significantly correlated with airway neutrophils
[8]. In the same adult population, plasma IL-6 was
associated with worsened clinical outcomes [8].
Increased leptin and reduced adiponectin levels
are also evident in obese children as compared with
nonobese children with asthma, whereas there are
reportedly no differences in IL-6 or tumour necrosis
factor-a levels [12"]. Recent studies have indicated
that systemic inflammation may be related to
asthma outcomes in children. Adiponectin is report-
edly both positively associated with asthma control,
FEF,5 75 and FEV;/FVC and negatively correlated
with asthma symptoms, exacerbations and markers
of exercise-induced bronchoconstriction (EIB)
severity, even after controlling for BMI [12%,13"].
The odds of an asthmatic child experiencing EIB and
EIB of a greater severity is reportedly higher in the
presence of raised serum leptin levels, independent
of the child’s BMI [12"]. These results may indicate
that the mechanism is not the excess weight per se,
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but the associated increase in the leptin/adiponectin
ratio. Whether this mechanism involves increased
airway inflammation is not known. Certainly, air-
way inflammation, as measured by eNO, has not
been found to correlate with systemic inflammatory
markers [12%]. This is not surprising, given there are
no reported differences in eNO between obese and
normal weight asthmatic children [12%] and it is,
therefore, unlikely that obese asthma operates via
increased eosinophilic inflammation. Given the dis-
tinct differences in airway inflammation in obese
asthmatic adults, and the implication for alternative
asthma treatment, there is a need for more descrip-
tive airway inflammation studies in paediatric
obese asthma.

The effects of obesity may only be seen when the
hypersecretion of metabolic factors produced by
excess adipose tissue reach a certain hypothetical
threshold. These metabolic factors include adipo-
kines which induce a proinflammatory environ-
ment and, more recently, suggested markers of
insulin resistance (IR) and serum lipid levels
[7%%,11%]. Hypertriglyceridemia, hypercholesterole-
mia and IR are metabolic abnormalities common
in obesity. Although these abnormalities are typi-
cally associated with obesity, they can also occur in
individuals with a healthy BMI and be absent in
those with an increased BMI, introducing the con-
cept of the metabolically healthy and metabolically
unhealthy individual.

In a large cross-sectional analysis of American
children enrolled in the Coronary Artery Risk Detec-
tion in Appalachian Communities study [7],
hypertriglyceridemia and IR were positively associ-
ated with asthma, independent of BMI. Another
study [11%] of interest in an Australian sample of
children reported a significantly higher level of IR in
asthmatics compared with matched controls,
regardless of BMI z-score. In fact IR, determined
by a homeostasis model assessment value of 1.77
or more, was prevalent only in the asthmatic chil-
dren (42.9%) [11"]. These studies did not include a
measure of body composition which may have pro-
vided more insight, given that adiposity levels are
reportedly higher in asthmatic children compared
with age, gender and BMI-matched healthy controls
[37"]. However, these studies introduce an interest-
ing concept that the presence of obesity may be
reflecting underlying metabolic abnormalities that
usually accompany excess adiposity, such as IR and
altered serum lipid levels. The potential role of such
abnormalities in asthma pathophysiology is an
interesting consideration for future studies.
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Given that asthma and obesity are the most common
chronic morbidities in children from Western
societies, the copresentation of these conditions in
childhood demands thorough investigation, includ-
ing more descriptive studies of airway inflammation,
respiratory function and body composition. Impor-
tantly, there is a call for longitudinal studies to track
changes in clinical asthma markers and body com-
position in this subgroup of children as they tran-
sition into adulthood. Although it appears that the
efficacy of inhaled steroid medication in asthmatic
children may be attenuated in the presence of
obesity, the effects of excess weight upon childhood
asthma treatment requires more in depth investi-
gation. The obese child most likely becomes an obese
adult, and the girth of the ‘asthma-obesogenic’
environment is only expanding. Therefore, paediat-
ric obese asthma is an important area of research for
the clinical management of the obese child now and
for the health of the future adult.
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