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Asthma and obesity in childhood: on the road ahead
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Epidemiological data show a link between asthma and obesity, suggesting many different mechanisms that may underlie the
association. However, diagnosis of asthma is often self-reported by patients or caregivers. Definition of asthma is crucial,
particularly in childhood. Obesity can be associated with symptoms commonly attributed to asthma, such as wheezing,
dyspnoea and sleep apnoea. Obese subjects are less fit and may have more frequent bouts of breathlessness on exertion
accompanied by an exaggerated symptom perception. Therefore, the link between the two diseases should be analysed by
focusing not only on reported diagnosis of asthma but also on objective markers that can better characterize the asthma
phenotype. These markers should include lung function parameters, bronchial hyper-reactivity, atopic sensitization and indices
of lung inflammation. As we look back and move forward, a multidisciplinary approach is increasingly necessary to understand
the complexity of obesity and asthma, keeping in mind that diet and exercise could influence both diagnosis and treatment. In
the meantime, in clinical settings, physicians should be cautious about diagnosing asthma in obese children on the basis of self-
reported symptoms alone and should confirm the diagnosis by using objective measurements and marker evaluations that can
better identify asthma phenotype and exclude overdiagnosis.
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Introduction

Asthma is the most frequent chronic illness in childhood,1,2

with increasing levels of morbidity in most of the countries

worldwide.2 Although a possible end to this epidemic3 has

been hypothesized, it is undeniable that in the past few

decades the prevalence and severity of and the hospitaliza-

tion rates for asthma have increased significantly in western

countries.3 Epidemiological studies on the same population

at different times4–8 have shown an increased prevalence of

asthma in childhood. The prevalence of obesity has also

increased with a parallel course over the past decades,

representing with asthma two of the major worldwide child

health priorities.9–11 Epidemiological studies have pointed

out the rapid changes in the prevalence of asthma and

obesity occurring in westernized countries as well as in

developing countries undergoing their epidemiological

transition phase12 in such a parallel way as to give support

to a link between the two conditions. However, the reasons

for the association between asthma and obesity are

unknown. Suggested mechanisms include sedentary life-

style, dietary factors, systemic inflammation and reduced

chest wall compliance by obesity, insulin resistance, co-

morbidities and common genetic predisposition.13–18

Epidemiology-based evidence in childhood

Pediatric cross-sectional studies have reported a link between

asthma and obesity,13–29 but the strength of the link is,

however, rather low with a reported relative risk ranging in

most studies from 1.5 to 3.0.30–32 Therefore, in the likely

event that the link between asthma and obesity is a rather

specific phenomenon, low or negative outcomes may result

from a dilution or an absence of the relevant subset in the

population sample studied.31 This effect, showing no

association between overweight and asthma, was evident

in three studies that evaluated the association in a rather

small subset of African-American adolescents,28 in a large

cohort of Canadian children but under 11 years of age16 and

in a group of Italian children.29 In the Canadian study, a

maternal report of current diagnosed asthma was not

associated with being overweight.16 Furthermore, in these

cross-sectional studies, obesity and asthma were one of the

factors among others that were analysed simultaneously, and

it is impossible to disentangle the cause and effect.33
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However, several longitudinal studies in children and

adolescents showed positive results for an association, and

in particular, they support an association between body

weight and the future risk of asthma.32 A study on a Tucson

birth cohort found that overweight or obesity at 11 years of

age was associated with unremitting asthma after puberty.34

The girls, but not the boys, between 6 and 11 years who were

obese or overweight presented a sevenfold risk of developing

asthma than those who were of normal weight.35 New-onset

asthma associated with overweight or obesity was observed

by Gilliland et al.36 with a relative risk of 1.52 and 1.60,

respectively. Mannino et al.37 showed that boys but not girls

with body mass index (BMI) 485th percentile were at an

increased risk of developing asthma later on. Recently

Mamun et al.38 found that increased BMI z-scores between

the ages of 5 and 14 years were associated with increased risk

of asthma symptoms in adolescence, with a stronger,

although not significant, association in the males. In this

study, the relationship remained robust with adjustment for

a range of reasons in early-life exposure such as a child’s

weight at birth, length of breastfeeding, maternal lifestyle

during pregnancy, as well as diet, sports and TV watching at

follow-up at 14 years.38 Finally, in another study, the annual

variations in BMI z-scores were significantly associated with

asthma in girls.39

Atopy is another important hallmark of childhood asthma

as at least 90% of asthmatic children present clinically

determined allergic sensitization.40,41 Therefore, an associa-

tion between obesity and atopy has also been hypothesized.

However, only a minority of studies evaluated the link

between obesity and atopy, leading to prevalent negative

results for the association.31 Negative results for an associa-

tion were obtained by von Mutius et al.21 in the National

Health and Nutrition Examination Survey study that

assessed more than 7500 children, in which the researchers

found a positive link between BMI and asthma and use of

asthma medications but failed to show any relationship

between overweight and atopy. Similar results were obtained

in New Zealand where BMI was correlated to wheezing but

not to atopy or bronchial hyperresponsiveness.14 Eneli

et al.42 did not find any association between atopy or allergic

rhinitis and BMI in German children. Gold et al.,39 using BMI

as a predictor of incident new-onset asthma in a 4-year

follow-up, showed a higher risk of asthma in children who

were overweight at recruitment, but this effect was limited to

non-allergic children. Garcia-Marcos et al.43 showed that

obesity was a risk factor for current severe asthma in both

boys and girls independently from the occurrence of

rhinoconjunctivitis, concluding that obese 6- to 7-year-old

children are more at risk of suffering from non-allergic

asthma than the non-obese subjects. Finally, in 1576 Belgian

schoolchildren aged between 3.4 and 14.8 years, an in-

creased prevalence of allergic sensitization was found but

only in underweight girls, again showing no correlation

between weight and allergic respiratory symptoms, eczema

or rhino-conjunctivitis.44

Asthma and obesity: more than a spurious
association

Although obesity may simply be a marker of lifestyle habits

also associated with asthma, several specific mechanisms can

be proposed for their association.

Mechanical airway changes in obesity

In the obese patient, the tidal volume (TV) and functional

residual capacity are decreased due to changes in elastic

properties of the chest wall.45,46 Retractile forces of the lung

parenchyma on the airways are reduced at low lung volume.

At low functional residual capacity, the airway smooth

muscle may be unloaded with a paradoxical increased

shortness in response to normal parasympathetic tone or

to other bronchial-constricting agents.47 Thus, it has been

hypothesized that in obese patients, breathing at low TV

does not allow the normal stretching of airway smooth

muscle during breathing, which causes detachment of actin–

myosin crossbridge of the airway smooth muscle. The bigger

the TV, the greater the ensuing bronchial dilation.48 This

fact, known as ‘deep inhalation effect’, allows restoration of

the dilation of the airways in normal conditions. This

protective effect is reduced in asthmatics and also in obese

individuals in comparison to lean controls.49,50 Therefore,

the net result in the airways of the obese subjects would be

more substantial airway smooth muscle contraction and

airway narrowing.

Additional mechanical factors may involve a mechanism

of uncoupling the airways from the retractile forces of the

lung parenchyma due to the repeated chronic small airway

closure observed in many obese patients breathing at low TV.

Repeated opening and closing of peripheral airways may

determine the rupture of alveolar attachments to bronch-

ioles that lead to exacerbation of the airway narrowing.51

From a clinical point of view, even if a clinically significant

restrictive pattern (total lung capacity o85% predicted) is

usually observed only in massive obesity, in general in obese

subjects the ability to respond to natural stress, such as

exercise that is so common in children, is hampered by small

TV, causing altered smooth muscle contraction and impaired

lung function. Even though it has been suggested in adults

that the peak exercise capacity is normal in otherwise

healthy obese subjects,52,53 it is not surprisingly that exercise

capacity is often impaired in obese children. This can be due

to the increased work of breathing with the resulting

increased perception of breathing effort and dyspnoea.

Chronic inflammation in asthma and obesity

Both asthma and obesity are recognized as pathological

conditions characterized by systemic inflammatory state.

By definition, asthma is an inflammatory disease with

infiltrating eosinophils, lymphocytes and other cells asso-

ciated with airway hyperreactivity (AHR) and remodelling of
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the airways with thickness of the lamina propria and loss of

elasticity and consequent lung function impairment.54

These features have been shown to be present even in the

airways of small infants with persistent asthma.55,56

It has been well established that obesity is also character-

ized by low-grade systemic inflammation that spills over into

the blood of a series of mediators, known as adipokines,

which induce an inflammatory activated state in organs

distant to adipose tissue. Adipokines include interleukin-6,

tumor necrosis factor-a, eotaxin, vascular endothelial growth

factor and monocyte chemotactic protein that have been

associated with asthma and may have a role in the common

state of inflammation.45 In obesity, the two main hormones

involved in inflammatory balance and which are potentially

relevant in asthma also are leptin and adiponectin.45,57

Adiponectin has an important anti-inflammatory effect on

obesity.58 Leptin is pro-inflammatory and pre-treatment

with leptin during allergen challenge of sensitized mice

increased the allergen-induced AHR without an influx of

eosinophils and T helper type 2 cytokine expression.59 High

levels of leptin have been associated with an increased

lifetime prevalence of asthma, especially in non-atopic

asthma.60 In asthmatic patients, serum levels of leptin are

high, independently from obesity,61,62 leading one to

consider that leptin may contribute to the inflammatory

cascade typical of asthma or it could be the result of the

systemic state of inflammation present in the disease.45,63

Recent studies, however, seem not to support the hypothesis

that adipokines mediate the association between obesity and

asthma. In longitudinal cohort studies, there was no

significant association between adipokines and any other

markers of asthma, such as doctor diagnosis of asthma,

bronchodilator response, airflow obstruction and exhaled

nitric oxide.64,65

Role of physical activity

The parallel increase in asthma and obesity, although

supported by many causes, may be the result of the

progressive decrease in levels of physical activity and

adoption of a more sedentary lifestyle that has been observed

in western countries in recent decades.30 This change in

lifestyle, influenced by a constructed environment and

accompanied by lack of safe areas for physical activities, a

greater use of television, computer and video games and

increased food and calorie intake, represents a real public

health priority.66 Obesity may be associated with a lack of

fitness and may contribute to breathlessness, which could

easily be interpreted by the subject as asthma or wheezing.

The presence of symptoms may determine an exclusion of

the physical activity that in turn can increase the sedentary

lifestyle and increase in overweight.67 The Childhood

Asthma Management Program study showed that in mild-

to-moderate asthmatic children, there was a significant risk

of becoming overweight. Being overweight for asthmatics

was associated with lower intelligence quotient, more social

withdrawal and greater internalized psychological distress.68

Furthermore, as the children became older the overweight

group showed increased evidence of behaviour problems and

further decreased physical activity.68

The relevance of asthma definition

To establish the relevance of a link between obesity and

asthma, it is essential to have a precise definition of asthma.

In epidemiological studies in children, current asthma is

often defined as parent/guardian-reported diagnosis of

asthma and asthma-related symptoms, use of medications

or emergency care access in the previous 12 months. Thus, a

diagnosis of asthma is often based on non-objective

measures that will assure more weight to the strength of

the diagnosis. When the definition of asthma is revised, as

suggested by international guidelines,69 to include more

stringent clinical characteristics of childhood asthma, such

as bronchial reversibility to bronchodilator, AHR, atopy and

bronchial inflammation, the association between asthma

and obesity seems to be less consistent, with very few studies

confirming the symptom history by objective measure-

ments. Although self-reported asthma (even if doctor

diagnosed) is valid for epidemiological purposes, it is

reasonable to believe that some of these patients with

‘asthma’ may have respiratory symptoms due to obesity,

but may not meet rigorous objective physiological criteria

for asthma, falsely inflating the number of new cases of

asthma in obese subjects.70,71 Lack of bronchodilator

response may indicate a fixed airway obstruction or a near-

normal function during testing. In such cases evaluation of

AHR by methacholine or exercise test is useful.72 Further-

more, demonstration of bronchial inflammation not only

supports the diagnosis but also defines the asthma pheno-

type and defines the disease control.72 Noninvasive tests,

such as exhaled nitric oxide and induced sputum cytology,

can be easily applied even in childhood to evaluate the

bronchial inflammatory condition of the subject, showing

increased values and eosinophilic or neutrophilic prevalence

in atopic and in non-atopic asthma, respectively. Therefore,

there is evidence to support an association between obesity

and asthma defined by symptoms, doctor diagnosis and

medication use but very little evidence to support a link

when the objective markers previously indicated are used for

the diagnosis.

Castro-Rodriguez et al.35 in their longitudinal study also

evaluated the bronchodilatory reactivity (variation of forced

expiratory volume in 1 s (FEV1)) and peak flow variability in

overweight girls. These objective measurements of lung

function varied significantly in obese girls when compared

with normal-weight girls, leading the researchers to consider

that there may be an ‘anomaly’ in the regulation of the

bronchial tone at this age in overweight. In adults with mild-

to-moderate persistent asthma, analyses of parameters by

normal–weight versus overweight/obese asthmatics showed
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only very small differences in FEV1, FEV1/forced vital

capacity, rescue albuterol use and asthma-related quality of

life.73 The researchers stated that increased BMI is not

associated with clinically significant worsening of impair-

ment in subjects with persistent asthma.73

Regarding AHR in a recent birth cohort study, Scholtens

et al.74 analysed reported weight and height, reported

wheeze and dyspnoea and evaluated AHR at age 8 years by

methacholine challenge. They found a significant increased

risk for dyspnoea but not for wheezing in children who were

overweight at age 6 to 7 years. They found a very high

prevalence of increased AHR in the whole population (40%

of subjects), significantly associated with overweight/obesity

(BMI 485th percentile) at age 6–7 years. They concluded

that children with a current high BMI are at increased risk to

have dyspnoea and AHR at age 8 years.74 However, in the

editorial accompanying the study, it was emphasized again

that dyspnoea in overweight children may not always be

asthma.75 The failure to show significant relationships

between BMI and wheeze, BMI and inhaled corticosteroid

prescription and BMI and rest dyspnoea might support the

hypothesis that the dyspnoea was primarily caused by factors

other than asthma.74,75 Another long-term post-bronchiolitis

follow-up study did not find any increased risk for AHR, as

evaluated by exercise challenge, in overweight children.76

Furthermore, two previous studies did not observe increased

prevalence of AHR among children with a high BMI. In a

large cohort of Israeli children, obese subjects presented

more wheeze, more physician-diagnosed asthma and more

use of inhaled drugs than non-obese children.15 However,

AHR was significantly greater among the non-obese than in

the obese children. Results obtained in the Childhood

Asthma Management Program study showed higher BMI

associated with lower lung function parameters but not

with AHR.77

Obesity and asthma control relationship

Previous data have hypothesized that obesity is associated

with a more severe asthma phenotype, particularly in

adults.78,79 However, in childhood, very often asthma in

obese patients must be considered as more difficult to

control rather than severe. Difficult asthma is defined as

that what is poorly controlled (reported recurrent symptoms,

frequent exacerbations, daily activity limitations, repeated

hospital admissions, and so on) despite optimal medical

treatment.72,80 Difficult asthma can occur in patients with

objectively mild, moderate and severe asthma. In difficult-

to-control asthma there is a disconnection between patient

expectations and outcome. Some patients can become over-

reactors, taking excessive doses of treatment for their

objective level of abnormality and thus running the risk of

increased drug side effects.80 Children with difficult-to-

control asthma can present different contributing factors,

such as allergen or smoke exposure, presence of psychosocial

factors, of sedentary life and overweight or obesity and of

coexisting pathologies. Their asthma may not be controlled

simply because medications are not taken. In difficult

asthma a re-evaluation of the diagnosis is mandatory.72

Objective asthma evaluation by spirometry, AHR testing and

bronchial inflammatory marker investigation should there-

fore be particularly useful at this stage to better characterize

the patient,72,80 allowing to exclude asthma in some patients

and to classify the severity of the disease in others.81

Measuring asthma may have important implications, given

the opportunity to show misdiagnosis of asthma that is

otherwise based only on reported symptoms.82,83 It has been

shown that about one-third of obese and non-obese adults

with physician-diagnosed asthma did not have asthma when

objectively assessed, the risk of overdiagnosis being high.81

In these cases, the absence of AHR and of reversibility is

unusual in currently symptomatic asthma and would

certainly suggest an alternative diagnosis.72,84,85 Once all

these issues have been addressed, there will only be a small

group of children with real severe asthma despite conven-

tional therapy.72 Therefore, obese subjects may be more

often symptomatic, require more asthma drug prescriptions,

more urgent visits and hospitalizations for asthma and

longer stays in the emergency room.70,86–88 Sin et al.70

showed an increased risk of asthma in obese subjects, greater

use of bronchodilators and dyspnoea, but with no associa-

tion with more deterioration of airway obstruction in obese

subjects when compared with normal-weight subjects.

Dyspnoea is often a complex psycho-physiological symptom

characterized by subjective sensation of an increase in the

perceived work of breathing, especially during exercise.

Dyspnoea in obese children could unmask other associated

conditions, such as respiratory and heart diseases. This

leads to consider that obesity may more likely influence an

asthma symptom perception and modify the asthma

control through co-morbid illnesses that are associated with

asthma, such as gastroesophageal reflux and obstructive

sleep apnoea.72,80 These conditions must be analysed and

excluded in childhood also as they are present in the

overweight and are themselves associated with asthma and

wheeze.

Gastroesophageal reflux is a common medical condition

and often coexists with asthma and obesity even in child-

hood. A case series of 33 children undergoing evaluation for

difficult asthma revealed an abnormal pH study in 73% of

subjects,89 leading to consider that sometimes a 6-month

trial of anti-reflux medication may be indicated in those

patients with suggestive clinical history and unresponsive

symptoms.72

It has been shown in children that the sleep-disordered

breathing may partly explain the link between obesity and

asthma: children with active wheezing not only have a

significant higher prevalence of obesity but also more

frequent obstructive sleep apnoea.13 Indeed, obesity per se,

is a well-recognized risk factor for obstructive sleep

apnoea.82,90 Increased fat tissue deposition in the pharyngeal
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region and reduced operating lung volumes in obesity

together exert an effect to reduce upper airway calibre and

to increase their collapsibility; airways are thus predisposed

to repetitive closures during sleep.82,91 It has also been

shown that in overweight children both habitual snoring

and obstructive sleep apnoea syndrome are associated with

increased airway inflammation, measured as exhaled nitric

oxide.92 However, in the absence of sleep-disordered breath-

ing, the level of nitric oxide was within the normal range,

excluding one of the indicated hallmarks of asthma.92

Conclusions

Overweight or obese children often report greater limitation

of physical activity with higher asthma-impairment scores

than normal-weight peers, although pulmonary function

tests were not different.93 Overweight asthmatic children

may perceive their asthma as worse and experience greater

limitation of physical activity; for this reason, they receive

more drug prescriptions and use more asthma relievers.82,93

Overweight asthmatic children are significantly more likely

to be admitted to the hospital, regardless of presenting

clinical asthma scores and therapeutic interventions.88

Obesity increases the work of breathing and decreases lung

volumes, giving to the patient the perception of more

dyspnoea and asthma-like symptoms that may be more

likely misdiagnosed by their physicians.75 Dyspnoea, espe-

cially during exercise in obese patients, should not always be

considered a manifestation of asthma or of exercise-induced

bronchoconstriction, but it should be considered in the

differential diagnosis of dyspnoea including normal physio-

logical exercise limitation, vocal cord dysfunction, hyper-

ventilation syndrome or deconditioning.72 Deconditioning

is a common cause of dyspnoea and is quite frequent in

sedentary, overweight children who do not present asthma

but who have symptom-like bronchospasms and could be

overdiagnosed. Therefore, childhood overweight may repre-

sent a significant health effect as excessive body weight is

associated with additional loss of quality of life in children

with asthma.94

What came first?

By reviewing pediatric literature, we can conclude that

obesity increases prevalence and incidence of asthma and

at the same time reduces asthma control. We have described

several mechanisms that could explain this relationship,

among which we stressed lung volume and reduced TV, low-

grade systemic inflammation, changes in adipose-derived

hormones, obesity co-morbidities that exacerbated asthma

and a share of common aetiology, in particular, low physical

activity and perhaps a sedentary lifestyle in general.65

Novel treatment and new therapeutic strategies for the

treatment of obese subjects with asthma may result from an

increased understanding of the mechanisms underlying this

relationship.95 In conclusion, it is not simple or clear what

came first and what interacts more and finally whether it is

impossible to disentangle the cause and effect of both

diseases. In light of this conclusion, a multidisciplinary

approach is increasingly necessary for understanding the

complexity of obesity factors and asthma.
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Suárez-Varela M, Garcı́a de Andoin N, Batlles-Garrido J et al. How
the presence of rhinoconjunctivitis and the severity of asthma
modify the relationship between obesity and asthma in children
6–7 years old. Clin Exp Allergy 2008; 38: 1174–1178.

44 van Gysel D, Govaere E, Verhamme K, Doli E, De Baets F. Body
mass index in Belgian schoolchildren and its relationship with
sensitization and allergic symptoms. Pediatric Allergy Immunol
2009; 20: 246–253.

45 Shore SA. Obesity and asthma: possible mechanisms. J Allergy Clin
Immunol 2008; 121: 1087–1093.

46 Naimark A, Cherniack RM. Compliance of the respiratory system
and its components in health and obesity. J Appl Physiol 1960; 15:
377–382.

47 Shore SA, Johnston RA. Obesity and asthma. Pharmacol Ther
2006; 110: 83–102.

48 Gump A, Haughney L, Fredberg J. Relaxation of activated airway
smooth muscle: relative potency of isoproterenol vs tidal stretch.
J Appl Physiol 2001; 90: 2306–2310.

49 Boulet LP, Turcotte H, Boulet G, Simard B, Robichaud P. Deep
inspiration avoidance and airway response to methacholine:
influence of body mass index. Can Respir J 2005; 12: 371–376.

50 Crimi E, Pellegrino R, Milanese M, Brusasco V. Deep breaths,
methacholine, and airway narrowing in healthy and mild
asthmatic subjects. J Appl Physiol 2002; 93: 1384–1390.

51 Milic-Emili J, Torchio R, D’Angelo E. Closing volume: a
reappraisal (1967–2007). J Appl Physiol 2007; 99: 567–583.

52 Babb TG, Ranasinghe KG, Comeau LA, Semon TL, Schwartz B.
Dyspnea on exertion in obese women: association with an
increased oxygen cost of breathing. Am J Respir Crit Care Med
2008; 178: 116–123.

53 Ofir D, Laveneziana P, Webb KA, O’Donnell DE. Ventilatory and
perceptual responses to cycle exercise in obese women. J Appl
Physiol 2007; 102: 2217–2226.

54 Bateman ED, Hurd SS, Barnes PJ, Bousquet J, Drazen JM,
FitzGerald M et al. Global strategy for asthma management
and prevention: GINA executive summary. Eur Respir J 2008; 31:
143–178.

55 Turato G, Barbato A, Baraldo S, Zanin ME, Bazzan E,
Lokar-Oliani K et al. Nonatopic children with multitrigger
wheezing have airway pathology comparable to atopic asthma.
Am J Respir Crit Care Med 2008; 178: 476–482.

56 Saglani S, Payne DN, Zhu J, Wang Z, Nicholson AG, Bush A et al.
Early detection of airway wall remodeling and eosinophilic
inflammation in preschool wheezers. Am J Respir Crit Care Med
2007; 176: 858–864.

57 Fantuzzi G. Adipose tissue, adipokines, and inflammation.
J Allergy Clin Immunol 2005; 115: 911–919.

58 Alberti L, Gilardini L, Girola A, Moro M, Cavagnini F, Invitti C.
Adiponectin receptors gene expression in lymphocytes of obese
and anorexic patients. Diabetes Obes Metab 2007; 9: 344–349.

Asthma and obesity
DG Peroni et al

604

International Journal of Obesity



59 Shore SA, Schwartzman IN, Mellema MS, Flynt L, Imrich A,
Johnston RA. Effect of leptin on allergic airway responses in mice.
J Allergy Clin Immunol 2005; 115: 103–109.

60 Nagel G, Koenig W, Rapp K, Wabitsch M, Zoeller I, Weiland S.
Associations of adipokines with asthma, rhinoconjunctivitis, and
eczema in German schoolchildren. Pediatric Allergy Immunol
2009; 20: 81–88.

61 Guler N, Kirerleri E, Ones U, Tamay Z, Salmayenli N, Darendeliler
F. Leptin: does it have any role in childhood asthma? J Allergy Clin
Immunol 2004; 114: 254–259.

62 Sood A, Ford ES, Camargo Jr CA. Association between leptin and
asthma in adults. Thorax 2006; 61: 300–305.

63 Kim KW, Shin YH, Lee ES, Sohn MH, Kim KE. Relationship
between adipokines and manifestations of childhood asthma.
Pediatric Allergy Immunol 2008; 19: 535–540.

64 Sutherland TJ, Sears MR, McLachlan C, Poulton R, Hancox RJ.
Leptin, adiponectin, and asthma: findings from a population-
based cohort study. Ann Allergy Asthma Immunol 2009; 103:
101–107.

65 Jartti T, Saarikoski L, Jartti L, Lisinen I, Jula A, Huupponen R et al.
Obesity, adipokines and asthma. Allergy 2009; 64: 770–777.

66 Brisbon N, Plumb J, Brawer R, Paxman D. The asthma and obesity
epidemics: the role played by the built environment: a public
health perspective. J Allergy Clin Immunol 2005; 115: 1024–1028.

67 Lucas SR, Platts-Mills TAE. Physical activity and exercise in
asthma: relevance to etiology and treatment. J Allergy Clin
Immunol 2005; 115: 928–934.

68 Bender BG, Fuhlbrigge A, Walders N, Zhang L. Overweight, race
and psychological distress in children in the childhood asthma
management program. Pediatrics 2007; 120: 805–813.

69 Global Initiative for Asthma (GINA). Global Strategy for Asthma
Management and Prevention 2008 (accessed September 2009).
Available from www.ginasthma.org.

70 Sin DD, Jones RL, Man SF. Obesity is a risk factor for dyspnea
but not for airflow obstruction. Arch Intern Med 2002; 162:
1477–1481.

71 Beuther DA, Sutherland ER. Overweight, obesity, and incident
asthma. Am J Respir Crit Care Med 2007; 175: 661–666.

72 Fleming L, Wilson N, Bush A. Difficult to control asthma in
children. Curr Opin Allergy Clin Immunol 2007; 7: 190–195.

73 Sutherland ER, Lehman EB, Teodorescu M, Wechsler ME. Body
mass index and phenotype in subjects with mild-to-moderate
persistent asthma. J Allergy Clin Immunol 2009; 123: 1328–1334.

74 Scholtens S, Wijga AH, Seidell J, Brunekreef B, de Jongste JC,
Gehring U et al. Overweight and changes in weight status during
childhood in relation to asthma symptoms at 8 years of age.
J Allergy Clin Immunol 2009; 123: 1312–1318.

75 Schwarstzstein RM, Gold DR. Dyspea in overweight children: is it
asthma? J Allergy Clin Immunol 2009; 123: 1319–1320.

76 Hyvarinen M, Sidorof V, Korppi M. Overweight: no association
with asthma or bronchial reactivity in children. J Allergy Clin
Immunol 2009; 124: 1119 e-pub ahead of print. doi: 10.1016/
j.jaci.2009.06.050.

77 Tantisira KG, Litonjua AA, Weiss ST, Fuhlbrigge AL. Association of
body mass with pulmonary function in the childhood asthma
management program (CAMP). Thorax 2003; 58: 1036–1041.

78 Sin DD, Sutherland ER. Obesity and the lung: 4. Obesity and
asthma. Thorax 2008; 63: 1018–1023.

79 Dolan CM, Fraher KE, Bleecker ER, Borish L, Chipps B,
Hayden ML et al. Design and baseline characteristics of the
epidemiology and natural history of asthma: outcomes and
treatment regimens (TENOR) study: a large cohort of patients
with severe or difficult-to-treat asthma. Ann Allergy Asthma
Immunol 2004; 92: 32–39.

80 Harrison BDW. Difficult asthma in adults: recognition and
approaches to management. Int Med J 2005; 35: 543–547.

81 Aaron SD, Vandemheen KL, Boulet L, McIvor RA, Fitzgerald JM,
Hernandez P et al. Overdiagnosis of asthma in obese and
nonobese adults. CMAJ 2008; 179: 1121–1131.

82 Poulain M, Doucet M, Major GC, Drapeau V, Sériès F, Boulet LP
et al. The effect of obesity on chronic respiratory diseases:
pathophysiology and therapeutic strategies. CMAJ 2006; 174:
1293–1299.

83 Stanbrook MB, Kaplan A. The error of not measuring asthma.
CMAJ 2008; 179: 1099–1100.

84 Weinberger M, Abu-Hasan M. Pseudo-asthma: when cough,
wheezing, and dyspnea are not asthma. Pediatrics 2007; 120:
855–864.

85 Abu-Hasan M, Tannous B, Weinberger M. Exercise-induced
dyspnea in children and adolescents: if not asthma then what?
Ann Allergy Asthma Immunol 2005; 94: 366–371.

86 Thomson CC, Clark S, Camargo Jr CA. Body mass index and
asthma severity among adults presenting to the emergency
department. Chest 2003; 124: 795–802.

87 Belamarich PF, Luder E, Kattan M, Mitchell H, Islam S, Lynn H
et al. Do obese inner-city children with asthma have more
symptoms than nonobese children with asthma? Pediatrics 2000;
106: 1436–1441.

88 Carroll CL, Stoltz P, Raykov N, Smith SR, Zucker AR. Childhood
overweight increases hospital admission rates for asthma.
Pediatrics 2007; 120: 734–740.

89 Kavanagh C, Saglani S, Wilson N, Bush A. Management of
children and adolescents with difficult asthma: experience of a
tertiary referral centre. Arch Dis Child 2006; 91: S54.

90 Bixler EO, Vgontzas AN, Lin HM, Liao D, Calhoun S, Vela-Bueno
A et al. Sleep disordered breathing in children in a general
population sample: prevalence and risk factors. Sleep 2009; 32:
731–736.

91 Series F. Upper airway muscles awake and asleep. Sleep Med Rev
2002; 6: 229–242.

92 Verhulst SL, Aerts L, Jacobs S, Schrauwen N, Haentjens D,
Claes R et al. Sleep-disordered breathing, obesity, and airway
inflammation in children and adolescents. Chest 2008; 134:
1169–1175.

93 Pianosi PT, Davis HS. Determinants of physical fitness in children
with asthma. Pediatrics 2004; 113: e225–e229.

94 van Gent R, van der Ent C, Rovers MM, Kimpen JL, van Essen-
Zandvliet LE, de Meer G. Excessive body weight is associated with
additional loss of quality of life in children with asthma. J Allergy
Clin Immunol 2007; 119: 591–596.

95 Kim J-H, Ellwood PE, Asher MI. Diet and asthma: looking back,
moving forward: review. Respir Res 2009; 10: 1–7.

Asthma and obesity
DG Peroni et al

605

International Journal of Obesity

www.ginasthma.org.

	Asthma and obesity in childhood: on the road ahead
	Introduction
	Epidemiology-based evidence in childhood
	Asthma and obesity: more than a spurious association
	Mechanical airway changes in obesity
	Chronic inflammation in asthma and obesity
	Role of physical activity

	The relevance of asthma definition
	Obesity and asthma control relationship
	Conclusions
	What came first?

	Conflict of interest
	Acknowledgements
	References




