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Abstract

Obesity is a worldwide epidemic with a prevalence that has tripled in the last two 

decades. Worldwide, more than 1.5 billion adults are overweight and more than 500 

million obese. Obesity has been suggested to be a risk factor for the development of 

more difficult-to-control asthma. Although the mechanisms underlying the asthma-

obesity relationship are not fully understood, several possible explanations have been 

put forward. These will be reviewed in this manuscript as well as the implications for 

the treatment of overweight and obese asthma patients.

Insulin resistance is a possible factor contributing to the asthma-obesity relationship 

and the effect is independent of other components of the metabolic syndrome such 

as hypertriglyceridemia, hypertension, hyperglycaemia, and systemic inflammation. 

Obesity has important effects on airway geometry, by especially reducing expiratory 

reserve volume causing obese asthmatics to breathe at low lung volumes. Furthermore, 

obesity affects the type of inflammation in asthma and is associated with reduced 

inhaled corticosteroids treatment responsiveness.

Obesity induces the development of asthma with a difficult-to-control phenotype. 

Treatment targeting insulin resistance may be beneficial in obese asthma patients, 

especially when they have concomitant diabetes. Systemic corticosteroids should be 

avoided as much as possible as they are not very effective in obese asthma and associated 

with side-effects like diabetes, weight gain, and osteoporosis.

Introduction

Obesity is a worldwide epidemic with a prevalence that has tripled in the last two 

decades [1]. Worldwide, more than 1.5 billion adults are overweight (BMI 25 kg/m2), 

and more than 500 million obese (BMI 30kg/m2) [1]. In parallel, the prevalence of 

asthma has increased during the last 20 years [2]. Obesity has been reported to be a 

risk factor for the development of asthma and affects its clinical expression toward a 

more severe and difficult-to-control phenotype [3,4]. In this manuscript, the asthma–

obesity relationship and its clinical implications will be reviewed focusing on literature 

in PubMed of the last 5 years including the most clinically relevant manuscripts in the 

view of the authors.

Increased risk to develop asthma in overweight and obese study participants

Several studies have shown that overweight (BMI 25 kg/m2) and obesity (BMI 30 kg/

m2) are associated with a 1.5–2.5-fold increase in the risk to develop asthma [5–7,8,9&]. 

Rönmark et al. [5] investigated 309 cases of new-onset asthma in the Obstructive Lung 

Disease of Northern Sweden studies and compared them to 309 non-asthmatic controls 

selected from the Swedish population register. Their data show that overweight (BMI 

25 kg/m2) and obesity (BMI 30 kg/m2) increase the risk of new-onset asthma by two 

and 2.7-fold respectively, the risk factor pattern being independent of the presence of 

allergy. In line with this, Chen et al. [6] showed obesity (BMI 30 kg/m2) to be a risk 

factor for both allergic and non-allergic asthma. However, some studies were unable 

to find a link between obesity and the risk of asthma, particularly those investigating 

children and male individuals [10–13]. A possible explanation may be that the asthma–

obesity relationship has a U-shaped pattern with both underweight (BMI<18.5 kg/m2) 

and overweight increasing the risk (Figure 1) [14]. Furthermore, an increased BMI 

does not necessarily reflect a higher fat mass, but could also be because of increased 

muscle mass, especially in men. Thus, BMI may not be the best way to define obesity. 

Indeed, some studies found abdominal obesity, defined as a waist circumference more 

than 88cm in women and more than 102cm in men, respectively, to be a stronger risk 

factor for asthma than BMI-defined obesity [15–17]. Finally, it should be noted that 

many epidemiologic studies investigating the obesity-asthma relationship have relied 

on a doctor’s diagnosis of asthma or self-reported asthma. This may have led to an 

incorrect diagnosis in up to 30% of cases as demonstrated in studies using extensive 
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lung function testing after withdrawal of inhaled corticosteroids (ICS) [18,19]. However, 

the percentage of misdiagnosed cases for asthma in these studies was similar in obese 

and non-obese study participants, making a bias toward an asthma–obesity relation 

unlikely [18,19].

Figure 1: the relation between BMI and risk of asthma in 3386 men in Anqing, adjusted for age, inten-
sity of cigarette smoking, skin, test reactivity to one or more allergens, and familial correlations.  
Reprinted with permission (Celedón JC et al. Am J Respir Crit Care Med. 2001 Nov 15;164(10 Pt 1):1835-40).

Physical activity, obesity, and the risk to develop asthma

Reduced physical activity has been put forward as a possible mechanism to explain the 

relationship between obesity and asthma [20]. A systematic review and meta-analysis 

concerning the association between physical activity and asthma identified 39 cross-

sectional studies (n = 661 222) and five longitudinal studies (n = 85,117) [21]. Indeed, 

the cross-sectional studies observed an association between high physical activity and 

low asthma prevalence suggesting a protective effect of physical activity. However, this 

might also be because of reverse causality as asthmatics may be less likely to exercise 

regularly than non-asthmatics. The five longitudinal studies are more convincing in 

that respect as they all measured physical activity levels before asthma was diagnosed. 

The meta-analysis was not able to assess the independent contribution of physical 

inactivity and overweight to asthma development, which is important as they are closely 

associated [21]. In this respect, the findings of Egan et al. in 1596 Norwegian adolescents 

are important. They showed that the presence of general or abdominal obesity is a 

risk factor for the development of asthma during 11 years follow-up after adjusting for 

current sports participation as a proxy for physical activity [9]. Another interesting 

observation is the association between asthma and television watching, which may be 

an indirect marker of physical inactivity. In a cross-sectional study in 20.016 children 

at 6–7 years of age, a high body weight, spending a lot of time watching television, 

and a salty diet each independently increased the risk of asthma [22]. The effect of 

television watching was also investigated in a longitudinal study in 3065 children who 

did not have symptoms of wheeze at an age of 3.5 years, but from whom 6% developed 

asthma at the age of 11.5 years, as demonstrated by a positive methacholine provocation 

test and children who watched television for more than two hours/day were almost 

twice as likely to develop asthma, irrespective of their BMI [23]. Different hypotheses 

have been put forward to explain the possible negative effects on asthma development 

[21,24]. First, physical inactivity may increase systemic and local airway inflammation 

[25], second, it may decrease mucociliary clearance and the patency of the bronchioles 

[21], and third, decreased deep inspiration and sigh rate during physical inactivity like 

television watching could result in a latch state of the smooth muscles and increased 

risk of bronchial hyperresponsiveness (BHR) [26].

Link between obesity and airway inflammation

Obesity is well known to be associated with a chronic low-grade systemic inflammation, 

as reflected by blood leukocytosis and increased serum levels of C-reactive protein 

[27,28]. Adipocytes produce and store several pro-inflammatory mediators such as 

leptin, tumor necrosis factor (TNF)a, monocyte chemotactic protein-1, and Interleukin 

(IL)-6, also called adipokines [29,30,31]. These Adipokines have the ability to modulate 

the adaptive and immune system in several ways including activation of T helper cells 

particularly those of the T helper 1 phenotype. In addition to the pleiotropic pro-

inflammatory effects of TNFa and IL-6, leptin and monocyte chemotactic protein- 

are known to induce chemotaxis and activation of leukocytes and monocytes [32,33]. 

Furthermore, IL-6 has been implicated in the shift toward T helper 17 differentiation that 

has been observed in T cells from obese mice [34]. In obese individuals, adipose tissue 

derived dendritic cells, expressing high levels of IL-6 [35], have been shown to promote 

T helper 17 differentiation [36]. Of interest, T helper 17 cells have been associated with 
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neutrophilic airway inflammation in asthma [37]. Finally, increased blood levels of 

markers for oxidative stress have been reported in obese asthma patients [38]. These 

increased features of systemic inflammation and oxidative stress may also affect the 

type and severity of inflammatory process within the airways of patients with asthma 

[38]. Indeed, overweight and obese asthma patients have been reported to present with 

a different type of airway inflammation, with less eosinophils and more neutrophils 

in their induced sputum [3,39,40]. This is compatible with the findings by Haldar et al. 

[41] using a cluster analysis to identify an asthma subphenotype characterized by obese 

patients with an increased percentage of sputum neutrophils, high levels of symptoms, 

and poor responsiveness to treatment with inhaled or oral corticosteroids. Telenga et al. 

[3] also found obesity to be associated with a higher percentage of sputum neutrophils 

and a lower percentage of sputum eosinophils. Taken together, obesity may affect the 

type of airway inflammation in asthma leading to more neutrophils and less eosinophils 

in sputum. However, this contrasts with the findings from Desai et al. [42] investigating 

the association between obesity (BMI 30 kg/m2) and airways inflammation in both 

sputum and bronchial biopsies from patients with severe asthma. They did not find the 

number of blood or sputum eosinophils to be increased, yet found significantly higher 

IL-5 levels in sputum of obese asthmatics compared with both overweight (BMI 25–30 

kg/m2) and lean (BMI <25 kg/m2) asthmatic controls. Interestingly, higher numbers 

of eosinophils were found in the airway walls of obese asthma patients as compared 

with the same control groups. This suggests a discrepancy between inflammatory cell 

findings in sputum and airway wall biopsies in obese and non-obese study participants 

with asthma. The latter was recently confirmed by van der Wiel et al. [43] in mild-to-

moderate asthma patients. They found the percentage of sputum eosinophils to be 

lower in obese compared with non-obese asthma patients, which is compatible with 

the previously reported non-eosinophilic phenotype of obese asthma based on sputum 

analysis [3,39–41]. However, similar to the findings of Desai et al. [42] submucosal 

eosinophil numbers were found to be increased in obese compared with non-obese 

asthma patients [43]. The above-described findings show that, despite the absence of 

blood eosinophilia, eosinophilic airway inflammation can be present in obese asthma 

patients and possibly even to a higher extent than in non-obese asthmatics. However, 

sputum may not be the appropriate compartment to investigate this.

Mechanical effects of obesity

Spirometry, lung volumes, and airway resistance

Obesity has been associated with reduced lung function. An increased abdominal and 

thoracic adipose tissue mass inhibits an optimal inflation of the lungs. In line with this, 

several studies have reported a higher BMI to be associated with both a lower forced 

expiratory volume in 1 second (FEV
1
) and a lower forced vital capacity (FVC) [44–46]. 

However, the effect was found to be small and even undetectable in some studies (figure 

2) [3,47–49]. As both FEV
1
 and FVC are similarly affected by obesity, the FEV

1
/FVC ratio 

usually remains unaltered in obese asthmatics.

Figure 2: effects of BMI on FEV
1
. This study found no significant correlation. (Pearson correlation coefficient: 

0.027, P=0.41). FEV
1
, forced expiratory volume in 1 second. 

Reprinted with permission (Thijs W, et al. Respir Med. 2014 Feb;108(2):351-7).

Jones et al. [50] investigated how obesity affects lung volumes in study participants 

without obstructive or interstitial lung disease. Obesity was found to weakly affect the 

residual volume and total lung capacity, the decrease being approximately 10% in study 

participants with morbid obesity (BMI 40 kg/m2) compared with lean (BMI <25 kg/m2) 

controls. In contrast to the relatively small effect on residual volume, and total lung 

capacity, the impact of obesity on functional residual capacity and expiratory reserve 

volume (ERV) was found to be much larger with a clear dose–response relationship. As 

an example, the ERV was only 34% of the predicted normal value in study participants 

with morbid obesity (BMI 40 kg/m2; Figure 3). Importantly, the dramatic decrease of 
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ERV may cause morbidly obese study participants to perform tidal breathing at very 

low lung volumes. As a consequence, non-cartilaginous small airways are more likely 

to collapse at the end of expiration, leading to their cyclical opening and closure during 

tidal breathing. The latter renders obese study participants more prone to develop 

hyperinflation during bronchoconstriction [51,52]. In addition, these sequelae may 

damage the airway epithelium, thereby inducing pro-inflammatory response in the 

airways [53].

Bronchial hyperresponsiveness

The relationship between obesity and BHR has been the subject of debate with some 

studies reporting a significant association [11,54,55], whereas other studies found no 

relationship [3,56,57]. One very large study by Chinn et al. [58] investigating 11 277 adults 

from the European Community Survey II, reported that a higher BMI was associated 

with a more severe BHR measured with Provocative dose of methacholine causing a 20% 

drop in FEV
1
 (PC

20
 methacholine) [58]. However, the magnitude of the effect reported 

in this study was small: an increase in BMI of 10 kg/m2 would be needed to decrease 

the PC
20

 methacholine by only 0.3 doubling doses. Taken together, it can be concluded 

that obesity only weakly affects the presence and severity of BHR in asthma patients.

Figure 3: effects of BMI on expiratory reserve volume. Obesity has a dramatic and dose-depen-
dent effect on the ERV such that study participants with morbid obesity perform tidal breath-
ing at very low lung volumes close to their residual volume. ERV, expiratory reserve volume.  
Reproduced with permission (Jones RL, et al. Chest 2006; 130:827–833).

Obesity affects asthma symptoms and response to anti-inflammatory therapy

Obesity is associated with reduced asthma control and more frequent exacerbations 

in patients with asthma, even after adjusting for age, sex, and level of FEV
1
 [59–62]. In 

addition, obese asthmatics are more difficult to control by anti-inflammatory treatment 

with ICS [3,48,49,63,64]. Anderson et al. [65] performed a post hoc analysis of a cross-

over study investigating the efficacy of inhaled budesonide in 72 patients with asthma 

divided into two groups: lean (BMI <25 kg/m2, n = 25) and overweight (BMI 25 kg/m2, n 

= 47). Patients were treated for 4 weeks with either 200 mg/day or 800mg/day budesonide 

separated by a washout period of 1 – 2 weeks [65]. Although no differences with respect 

to change in FEV
1
 and BHR were found between lean and overweight asthma patients, 

inhaled budesonide was less effective in improving symptoms in overweight asthma 

patients [65]. As budesonide also induced less cortisol suppression in overweight 

compared with lean asthma patients, it was suggested that airway geometric factors 

leading to a lower peripheral lung deposition may play a role in the reduced ICS treatment 

responsiveness [65]. In another study, Peters- Golden et al. [49] investigated how obesity 

affects treatment responsiveness to either inhaled beclomethasone 200mg twice 

daily or montelukast 10mg once daily in 3,073 patients with asthma. In lean asthma 

patients, inhaled beclomethasone improved the percentage of asthma control days to a 

higher extent than montelukast. However, overweight and obesity decreased treatment 

responsiveness to inhaled beclomethasone, whereas responsiveness to montelukast 

was not affected. As a consequence montelukast was found to be as effective as inhaled 

beclomethasone in overweight and obese asthma patients [49]. However, these findings 

are in contrast with those of Sutherland et al. [66] who performed a post hoc analysis in 

1.052 asthma patients and found the ICS fluticasone proprionate to be more effective in 

improving FEV
1
, peak-flow, beta-agonist use, and symptom scores than Montelukast not 

only in lean, but also in overweight and obese asthma patients. In a further study, Farah 

et al. [46] investigated the association between obesity and asthma symptoms before 

and after treatment with 1500 mg beclomethasone daily (or equivalent) in 49 asthma 

patients, a total of 14 out of 49 being overweight and 15 out of 49 obese. Although no 

correlation was found at baseline, a higher BMI strongly correlated with residual asthma 

symptoms that remained present despite intensive treatment with high doses of ICS for 

3 months [Fig. 4] [46]. These findings suggest that both corticosteroid responsive and 

unresponsive factors contribute to the poorer asthma control generally observed in 

obese patients. The latter may be important, especially given the recent findings from 
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Gibeon et al. [67] comparing the clinical characteristics of obese (BMI 30) and non-obese 

(BMI 18–25) patients with severe asthma. Despite a similar degree of airflow obstruction 

and eosinophilic sputum inflammation, obese asthma patients more often received 

maintenance treatment with a high dose of oral prednisolone [67]. This approach is 

unlikely to improve corticosteroid unresponsive factors linked to reduced asthma 

control, but may lead to side-effects which can be quite severe, among others the fact 

that it drives insulin resistance and, consequently, obesity.

Effects of weight loss in obese asthma patients

Weight loss achieved by either caloric restriction and/or exercise has been shown to 

improve asthma symptoms and lung function [68–71]. Scott et al. [71] showed that even 

a modest weight loss of 5–10% improves asthma control as reflected by asthma control 

questionnaire scores. Although a larger weight loss did not further improve asthma 

control, it did induce further lung function improvements, particularly with respect to 

functional residual capacity and ERV values. In the study by Scott et al., caloric restriction 

was more effective in reducing body weight than exercise alone.

Figure 4: there was no correlation between the ACQ scores and BMI at baseline (Spearman correlation 
coefficient: 0.22, P=0.14). However, ACQ scores strongly correlated with BMI after 3 months of intensive 
treatment with a high dose inhaled corticosteroids (Spearman correlation coefficient: 0.58, P<0.001), sug-
gesting that obesity contributes importantly to the corticosteroid-unresponsive component of symptoms 
in asthma patients. ACQ, asthma control questionnaire. 
Reproduced with permission (Farah CS, et al. Chest. 2011 Sep;140(3):659-666).

Studies investigating the effects of bariatric surgery in morbidly obese asthma patients 

consistently report improvements of asthma control. In one retrospective study, 257 

patients using asthma medication were followed up 1-year post-bariatric surgery. 

Among these 257 patients, 13/28 did not need oral corticosteroids any longer to control 

their asthma, whereas the overall use of ICS decreased from 50 to 30%. Importantly, 

patients who underwent laparoscopic gastric banding, which resulted in less weight 

loss than other surgical treatments, were significantly less likely to stop their oral 

or ICS. In addition to improvements of asthma control, bariatric surgery has been 

shown to improve small and large airway function and BHR [72-74]. Few studies have 

investigated the effects of weight loss on measures of airway inflammation. In a study 

by Dixon et al. [72] bariatric surgery did not improve airways inflammation as reflected 

by inflammatory cell numbers in bronchoalveolar lavage fluid. Van Huisstede et al. [74] 

investigated the effects of profound weight loss after bariatric surgery on lung function 

and on systemic inflammation as well as on inflammatory cell counts in bronchial 

biopsies in 27 asthmatics and 39 non-asthmatics with morbid obesity. As anticipated, 

improvements in symptoms and large and small airway function were observed both 

in obese study participants with and without asthma. In addition, BHR markedly 

improved in obese asthma patients after bariatric surgery and BHR (i.e., methacholine 

PC
20 

<1.8mg) could no longer be detected in 13 out of 25 patients despite lower doses 

ICS. Finally, bariatric surgery was found to decrease systemic inflammation and the 

number of mast cells in bronchial biopsies, whereas other inflammatory cell counts in 

bronchial biopsies did not change.

Asthma-related comorbidities and obesity

Comorbid conditions such as obstructive sleep apnea (OSA), gastroesophageal reflux 

disease (GERD), metabolic syndrome, and cardiovascular diseases are more prevalent in 

obese study participants and may also contribute to the clinical expression of asthma. 

Obesity is a well-known risk factor for OSA. This may have implications for asthma, as 

the presence of OSA has been associated with worse asthma control and its treatment 

with continuous positive airway pressure improves asthma symptoms, peak-flow, and 

BHR. On the other hand, it is important to understand that asthma itself is also a 

risk factor for OSA, irrespective of BMI. In a study by Julien et al. [75] OSA was found 

to be more frequently present in severe asthma (23 out of 26 patients) and moderate 

asthma (15 out of 26 patients) when compared with non-asthmatic controls (eight out 
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of 26) with a similar age and BMI. GERD is another frequently occurring comorbidity 

in asthma that is related to obesity [18] and poor asthma control. However, treatment 

of asymptomatic GERD with a proton-pump inhibitor did not improve asthma control 

even in a subgroup of obese asthma patients [76]. In addition, adjustment for both OSA 

and GERD did not change the asthma–obesity relationship In two large epidemiological 

studies [77,78]. Further, cardiopulmonary deconditioning is more frequently observed 

in obese than lean asthma patients [79]. Finally, insulin resistance or elevated blood 

glucose, one of the components of the metabolic syndrome, is another possible factor 

contributing to the asthma–obesity relationship. In a study by Brumpton et al. [80] 

an elevated fasting glucose or established diabetes was found to be associated with 

the presence of asthma even after adjustment for obesity. This is compatible with the 

findings of Thuesen et al. [81] showing insulin resistance to be associated with the 

development of asthma symptoms during a follow-up period of 5 years. Cardet et al. 

[82] showed that the association between insulin resistance and asthma is robust and 

remains present after adjusting for other components of the metabolic syndrome like 

hypertriglyceridemia, hypertension, hyperglycaemia, and systemic inflammation. The 

latter may be important, as it has been suggested that treatments targeting insulin 

resistance may be beneficial in obese asthma patients. In a recent retrospective study, 

Li et al. [83] found metformin, a drug that recovers peripheral insulin sensitization, to 

reduce the number of asthma exacerbations in obese patients with asthma and diabetes.

Conclusion

Obesity increases the risk for asthma development and affects its clinical expression 

toward a difficult-to-control phenotype. Although the mechanisms underlying the 

asthma–obesity relationship are not fully understood, several possible explanations 

have been put forward. First, obesity considerably reduces the ERV causing obese 

study participants to perform tidal breathing at low lung volumes, making them more 

susceptible to develop hyperinflation during bronchoconstriction. Second, obesity in 

asthma is associated with comorbidities such as OSAS and GERD, enhancing treatment 

complexity. Third, it affects the type and severity of the inflammatory process occurring 

in the airways in obese and overweight asthmatics characterized by more neutrophils 

and less eosinophils in sputum. Finally, it has been proposed that obesity is associated 

with a reduced corticosteroid treatment response. Nevertheless, obese asthma 

patients are often prescribed maintenance treatment with systemic corticosteroids. 

It is questionable whether this approach improves asthma control. To the opinion of 

the authors, systemic corticosteroid treatment should be avoided as much as possible 

even more in overweight and obese asthma patients, also because it further worsens 

obesity itself.
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