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ABSTRACT

There is substantial evidence that obesity and asthma are related. “Obese asthma” may 
be a unique phenotype of asthma, characterized by decreased lung volumes, greater 
symptoms for a given degree of lung function impairment, destabilization or lack of 
asthma control, lack of eosinophilic inflammation and a different response to controller 
medication.

Whether this relationship between obesity and asthma is causal or represents co-
morbidity due to other factors is unclear. In previous reviews concerning the relationship 
between obesity and asthma, five hypotheses were put forth. One of these hypotheses is 
that a low grade systemic inflammation caused by adipokines from the fat tissue causes 
or enhances bronchial inflammation. In animal models, there is an increasing amount of 
evidence for the role of adipokines derived from fat tissue in the relationship between 
obesity and asthma. The data are conflicting in humans.

Since obesity is a component of the metabolic syndrome and the metabolic syndrome 
is also a form of systemic inflammation, it is to be expected that there is a relationship 
between metabolic syndrome and asthma. The few data that are available show that 
there is no relationship between metabolic syndrome and asthma, but there is one 
between the metabolic syndrome and asthma-like symptoms.

Further research is needed to confirm the relationship between obesity and asthma in 
humans, where a rigorous approach in the diagnosis of asthma is essential.
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INTRODUCTION

Obesity is currently a major health problem and is developing into a global epidemic. 
Obesity is classified by the Body Mass Index (BMI) (table 1) and is defined as abnormal 
or excessive fat accumulation which can cause health problems. The World Health Or-
ganisation’s (WHO) latest projections indicate that, globally in 2005, approximately 1.6 
billion adults (age 15+) were overweight, and at least 400 million adults were obese. 
WHO further predicts that, by 2015, approximately 2.3 billion adults will be overweight 
and more than 700 million will be obese(1).

Because the prevalence of both obesity and asthma have increased in the recent 
years, many studies have examined the possibility of a causal relationship between 
these two conditions(2-5). The fact that asthma improves after weight loss with either 
bariatric surgery or low caloric diet supports the relationship between obesity and 
asthma(6). Moreover, obese patients with persistent asthma have significantly worse 
asthma-related quality of life(7), less asthma control(8, 9), more severe disease(4, 10-12), and 
more asthma-related hospital admissions than asthma patients with a normal BMI.

There are multiple hypotheses that may explain the relationship between obesity and 
asthma. This review will discuss the different hypotheses, and will focus on the systemic 
inflammation, and the possible role of the metabolic syndrome.

Asthma phenotype in obesity
Recent data suggest(13, 14) that obese patients have a different phenotype of asthma, 
characterized by female predominance, late onset of asthma and high symptom expres-
sion.

Classical asthma is characterised by a Th-2 cell mediated allergic airway inflammation. 
The characteristics of airway inflammation in asthma (exhaled nitric oxide (eNO) and 
inflammatory cells in induced sputum) have been investigated in obesity. eNO can be 
seen as a marker of eosinophilic inflammation in the airways. De Winter et al. showed 
that a higher BMI was associated with a higher eNO in healthy patients(15). On the con-

Table 1 BMI classification

BMI (kg/m2) Classification

<18.5 Underweight

18.5-25 Normal weight

25-30 Overweight

30-40 Obesity

>40 Morbid Obesity

Classification of different BMI-classes. BMI, Body Mass Index
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trary, Kazaks found no significant relationship between exhaled NO and BMI in adult 
asthma patients(16). However, there was no correction for use of corticosteroids.

Sputum eosinophilia is a hallmark of asthma. Several studies have found no - or even 
an inverse - relationship between the number of sputum eosinophils and BMI(17-19). 
Although airway eosinophil accumulation is characteristic for asthma, little is known 
about the influence of obesity on eosinophil migration from bone marrow to the bron-
chial mucosa. Calixto(20) found, in a murine model of asthma, that diet-induced obesity 
enhanced eosinophil trafficking from bone marrow to the airway, but delayed their 
transit through the airway epithelium into the airway lumen.

If the relationship between asthma and obesity could be explained by allergic air-
way inflammation, then one would expect a relationship between obesity and other 
allergic conditions, such as allergic rhinitis or allergic conjunctivitis. Although several 
epidemiologic studies have reported an increased risk of atopy in the overweight and/
or obese(21, 22), others have demonstrated an increased risk of developing asthma in non-
allergic compared to allergic adults(23-25).

In summary, there is a great deal of conflicting data concerning the signs of bronchial 
inflammation in obese asthmatics (eNO, sputum eosinphilia). Data suggest that asthma 
in obese patients is not characterized by a classic Th2 cell driven inflammation, but prob-
ably represents a different phenotype. The inflammatory pattern might be neutrophilic, 
instead of eosinophilic in obese patients with asthma. Allergy is probably not an impor-
tant factor in the relationship between obesity and asthma.

Therapeutic implications
The main goal of asthma treatment is to achieve adequate control of the disease, as 
reflected by minimal symptoms and rescue bronchodilator use. Asthma has been re-
ported to be more difficult to control in obese patients compared to individuals with 
a normal weight(9, 26). Also the improvement of exhaled nitric oxide levels with inhaled 
corticosteroid treatment is smaller in obese asthmatics than in lean asthmatics(27). Is this 
because they do not respond to inhaled corticosteroids? This could be expected when 
one assumes that in obese asthmatics it is a neutrophilic instead of eosinophilic airway 
inflammation. In a recent study by Camargo(28), they found that, compared to subjects 
with normal BMI, the onset to peak FEV1 may require longer treatment exposure in the 
very obese.

Could it be that asthma in obese patients is more difficult to control because obese 
asthmatics have more complaints than lean asthmatics? Although obese asthmatics 
have the same perceptual responses to bronchoconstriction as lean asthmatics, it is 
to be expected that they have more complaints of dyspnoea due to their altered lung 
volumes, as will be discussed later.
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Weight reduction from diet and exercise has been found to improve asthma symp-
toms, but the most striking changes have been reported in morbidly obese asthmatics 
following bariatric surgery(29-34). However, these studies are frequently small and under-
powered, and are often not designed with a primary outcome or rigorous characteriza-
tion of asthma. Although there is still only a small body of evidence in favour of the 
beneficial effect of weight reduction in obese asthmatics, weight reduction does seem 
to be an important aspect of the treatment of these people.

Hypotheses that may explain the relationship between obesity and asthma
Since obese asthmatics might have a non-allergic phenotype of asthma, there must be 
another factor explaining the relationship between obesity and asthma. Although there 
are multiple hypotheses, no causal relationship between obesity and asthma has, as 
yet, been proven. Even though asthma may promote weight gain through increased 
sedentary life style and occasional use of oral corticosteroids, this does not fully explain 
the association of asthma and obesity in the majority of patients. In previous reviews 
concerning the relationship between obesity and asthma, five hypotheses were put 
forth (figure 1).

First, obese people consume food with less nutritional value, fewer vitamins and more 
fat. A high amount of fat intake is associated with asthma(35). Also zinc- and magnesium 
deficiencies are associated with asthma and bronchial hyperreactivity (BHR)(36).

Secondly, obesity and asthma may share the same genetic risk factors. This was dem-
onstrated by a large-scale study among 1384 twins, where a strong association between 
asthma and BMI was found(37).

Co-morbidities, which are a risk factor for asthma as well as obesity, might be the third 
hypothesis. Obesity, for instance, is a risk factor for gastro-oesophageal reflux disease 
(GERD) which, in turn, is a risk factor for asthma(38). The same is true for Obstructive Sleep 
Apnoea Syndrome (OSAS); the prevalence of OSAS is higher in severe asthma patients 
as well as in obese patients(39). A large-scale, questionnaire-based Northern European 
survey showed that after adjustments for possible confounders, obesity and nocturnal 
GERD were found to be independent risk factors for the onset of asthma and respiratory 
symptoms(40).

Fourthly, obesity may alter lung function parameters. Typically, obesity causes 
a modest reduction in total lung capacity (TLC), and a larger reduction in functional 
residual capacity (FRC) (figure 2)(41). The reasons for the reduction in TLC are not known, 
but they are probably due to a mechanical effect of the adipose tissue. A reduction in 
the downward movement of the diaphragm, due to increased abdominal mass is likely 
to decrease TLC by limiting the space for lung expansion on inflation(42). Furthermore, 
obese people have a smaller tidal volume and an increased respiration rate with a de-
creased expiratory reserve volume (ERV)(43). The FEV1/FVC ratio is usually well preserved 
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or increased, which implies that the major effect of obesity is on lung volumes, with no 
direct effect on airway obstruction. Furthermore, weight loss significantly improves the 
FRC, TLC and ERV(44).

The decreased lung volume is associated with a decreased diameter of the peripheral 
airways, which leads to tidal breathing at or near closing volume(41). Moreover, Bergeron 
has shown that there is a fat accumulation in the airways in obese patients with less 
defined cartilage ring(45). All this can explain why obese patients often have more 
complaints of dyspnea than subjects with a normal BMI. Salome showed that, although 
obesity reduces lung volumes, it does not alter sensitivity or maximal response to 
methacholine in non-asthmatic subjects(46). Recently, it was also shown that perceptual 
responses to methacholine-induced bronchoconstriction and lung hyperinflation were 
similar in obese and normal-weight asthmatics(47). Thus, obese asthmatics may have 
more complaints of dyspnea, but this may not be directly related to abnormal airway 
sensitivity, but may reflect other physiological effects of obesity.

 

Decrease of 
adiponectin 

Figure 1 Obesity and asthma relationship
The relationship between obesity and asthma is not yet clear. Diet, genetic factors or comorbidities which 
give a higher risk for asthma might also give a higher risk for obesity. Obesity gives a greater abdominal 
mass, which causes altered lung function parameters, which cause dyspnea. Whether or not this dyspnea is 
asthma is questionable. The abdominal mass also causes a dysbalance in inflammatory proteins, in favour 
of the pro-inflammatory proteins. This may lead to a local inflammation, which causes a low grade systemic 
inflammation, which, in turn, causes or enhances a local inflammation of the lung parenchyma.
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The fifth, and last, hypothesis suggests that systemic inflammation by means of fat-

tissue derived adipokines may lead to asthma. The assumption is that inflammatory 
mediators from the fat tissue come into the systemic circulation, and find their way to 
the lung parenchyma, where they may cause or intensify airway inflammation .

Obesity is considered to be a state of chronic low-grade systemic inflammation, 
characterized by a dysbalance of pro- and anti-inflammatory proteins derived from fat 
tissue cells. Fat tissue was traditionally seen as an organ for storage of energy. Recently, 
however, it is considered to act as an endocrine organ. The fat tissue is a source of bioac-
tive peptides, which are called adipokines(48). In 1993, Hotamisligil et al discovered that 
fat cells (adipocytes) in rodents excrete TNF-α. TNF-α is a pro-inflammatory cytokine(49). 
Since then, multiple inflammatory peptides have been discovered which have a rela-
tionship with obesity. Examples of adipokines are leptin, adiponectin and resistin. Also 
interleukin (IL)-6 and TNF-α play a role. They are produced by macrophages in the fat 
tissue.

Leptin (Greek leptos, thin) is excreted by fat tissue and causes the feeling of saturation 
and increases the metabolism. Moreover, leptin influences the T-cell immunity response 
and stimulates the proliferation of T-helper cells, which causes increased production of 
pro-inflammatory cytokines(50). There is an increased leptin production(51, 52) and a rela-
tive leptin resistance in obese patients. A comparison with insulin and insulin resistance 
can be made: here the primary reaction of the body is to increase the production of 
insulin so that the same physical result is achieved. The leptin concentration is not only 
increased in obesity, but also in asthma(53, 54).

Obesity is associated with necrosis of the adipocytes, causing the interstitium to be 
exposed to little fat drops. Macrophages will collect around this necrotizing adipocytes 
and become active. These macrophages will produce TNF-α and IL-6, which will cause 
a decrease in local production of adiponectin(55). Adiponectin is an insulin-regulating 
hormone. It also has anti-inflammatory effects: it decreases the production of pro-

 

Figure 2 Altered lung function in obesity
Obesity leads to alternations of lung vol-
umes. ERV: expiratory reserve volume; 
FRC: functional residual capacity; RV: re-
sidual volume; TLC: total lung capacity
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inflammatory cytokines and it increases the production of IL-10 and IL-1. Plasma adipo-
nectin levels are reversely correlated to BMI(56), but there is no clear relationship between 
adiponectin and asthma(57-60).

Xu et al.(61)have been able to show in a mice model that there is histological evidence 
for a significant infiltration of macrophages in the fat tissue of obese mice. Moreover, 
they also have shown that many inflammatory and specific macrophage genes are 
dramatically upregulated in the fat tissue. This suggests that macrophages in the fat 
tissue play an active role in obesity and macrophage-related inflammation. Weisberg et 
al.(62) showed that the macrophages are responsible for almost all expression of TNF-α 
and IL-6 in the fat tissue. TNF-α is a potent pro-inflammatory cytokine and is involved in 
many processes in the human body, in particular inflammation, cell proliferation, cell dif-
ferentiation, apoptosis and fat metabolism. IL-6 regulates the production of the strong 
pro-inflammatory protein C-reactive protein (CRP).

In summary, in animal models the influence of the different adipokines associated 
with obesity seem to have an effect on the airway inflammation. In humans, however, 
the association is not yet confirmed. Further studies are needed to investigate whether 
a dysbalance in pro and anti-inflammatory cytokines in the systemic circulation may 
induce a change in concentration of the same cytokines in the lung tissue. This may 
result in an increased airway inflammation.

Metabolic syndrome
The fact that asthma improves after weight loss either with bariatric surgery or low caloric 
diet supports the relation between obesity and asthma. Moreover, Cottam found that 
obesity was manifested by a chronic inflammation (including elevation of monocytes 
and eosinophils), which appeared to be reversible within 6 months after bariatric sur-
gery(63). Also, weight loss by low-energy diet was associated with a reduction in markers 
of systemic inflammation(64, 65). So the hypothesis that the relationship between obesity 
and asthma is based on a systemic inflammation seems quite plausible. The metabolic 
syndrome might contribute to this low-grade systemic inflammation.

Recently, the metabolic syndrome has been postulated as a new hypothesis which 
might explain the relationship between obesity and asthma. Obesity, and mainly 
central obesity, is an important component of the metabolic syndrome. The metabolic 
syndrome is a term to cluster type 2 diabetes mellitus, hypertension, dyslipidemia and 
central obesity (table 2).
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Table 2 Metabolic syndrome

Risk factor Objective

Abdominal obesity (waist circumference)

 - male > 102 cm

- female > 88 cm

Triglycerides >1,7 mmol/l or treatment for hypertriglyceraemia

HDL-cholesterol

 - male <1,03 mmol/l, or treatment for low HDL-C

- female < 1,3 mmol/l or treatment for low HDL-C

Blood pressure ≥130/≥85 mmHg, or treatment for hypertension

Blood glucose (plasma) ≥ 6,1 mmol/l, or treatment for hyperglycaemia

Definition of the metabolic syndrome according to NCEP-ATPIII criteria on basis of clinical characteristics. 
Metabolic syndrome when 3 out of 5 characteristics.

Leone found an independent relationship between lung function impairment (FEV1 
or FVC < lower limit of normal) and metabolic syndrome in both sexes, predominantly 
due to abdominal obesity(66). Lee et al(67) found that the metabolic syndrome was as-
sociated with asthma symptoms. The evidence for the relationship between metabolic 
syndrome and asthma is scarce, mainly because it is a new idea. More research is needed 
to make a definitive conclusion.

The metabolic syndrome is a way to group different diseases. If there might be a rela-
tionship between the metabolic syndrome and asthma, there might also be a relationship 
between the separate compounds of the metabolic syndrome and asthma. In a cross-
sectional population-based study, obesity and insulin resistance were associated with 
an increased risk of aeroallergen sensitization and asthma (allergic and non-allergic)(68). 
Thuesen(69) found, in a recent population-based, prospective study among 1443 adults, 
that insuline-resistance is a stronger risk factor for asthma symptoms than obesity. 
Hyperglycemia itself may not be the important factor. Shore et al have demonstrated in 
lean wild-type and leptin receptor-deficient, diabetic, obese mice that administration of 
metformin did not affect ozone-induced airway inflammation(70).

More research is needed to see whether the metabolic syndrome, or it separate 
components, are the “missing link” between obesity and asthma. Also here the same 
remarks as for the fat tissue derived adipokines can be made. If it is so that the metabolic 
syndrome contributes to the low grade systemic inflammation, the question remains 
whether this low grade systemic inflammation has its local effects on the lung paren-
chyma. And whether this systemic inflammation causes or enhances the bronchial 
inflammation.
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Critical notes
Many of the articles discussed in this review are epidemiologic studies among patients 
with asthma, where asthma is defined as either physician-diagnosed or self-reported. 
Very few studies performed (extensive) lung function tests to confirm the diagnosis of 
asthma. Often the diagnosis is based on symptoms and medication use. The question 
is whether these patients truly have asthma. In a retrospective study among children, 
a strong correlation was found between general practitioner and specialist diagnosed 
asthma, irrespective of BMI(71). In an extensive study among adult patients, the diagnosis 
of asthma was revisited. In 31.8% of the obese, and 28.7% of the non-obese group 
(p=0.46) the diagnosis of asthma was rejected. The percentage of misdiagnosis is the 
same in the obese and non-obese group, so the relationship between asthma and 
obesity cannot be explained by the fact that there is an overdiagnosis of asthma in the 
obese population(72). In a recent study Pakhale et al(73) found a misdiagnosis of asthma 
in up to 30% of patients. They used a rigorous diagnostic testing algorithm to confirm 
the diagnosis of asthma. They found that misdiagnosis of asthma was associated with 
gender, a recent diagnosis, older age and increased FEV1, but not with obesity. Also, 
obese subjects who made urgent healthcare visits for respiratory symptoms were more 
likely to be misdiagnosed with asthma. It is possible that these symptoms could be the 
result of increased effort in breathing associated with obesity, rather than airway inflam-
mation or airway hyperresponsiveness.

Another disadvantage of most studies is that they are based on self-reported weight. 
A BMI based on self-reported height and weight is not accurate for either children or 
adults(74). The weight will be underreported, and the length overreported. There is how-
ever, an algorithm to correct for this.

Some previous studies of the association of adiposity and lung function have used only 
BMI as a marker of obesity, without taking body composition and fat distribution into 
account. The waist circumference - or even better, a MRI-based visceral fat quantification 
-  is possibly a more accurate measure than BMI. The distribution of body fat may be an 
important determinant of lung function, and this may account for the more pronounced 
association between central adiposity and obstructive lung function in men as com-
pared to women(75). Steele et al. performed a study to examine the relationship among 
body fatness, fat distribution, and lung function, adjusted for physical activity, energy 
expenditure and aerobic fitness(76). They found that obesity is inversely associated with 
lung function (FEV1 and FVC) in adults. Central fat distribution, however, appears to have 
a stronger relationship to respiratory mechanics (FEV1) in men than in women. These 
associations were independent of the degree of physical activity in this cohort.
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CONCLUSION

From the literature discussed, it can be concluded that there is a relationship between 
obesity and asthma. “Obese asthma” may be a unique phenotype of asthma, character-
ized by decreased lung volumes, greater symptoms for a given degree of lung function 
impairment, destabilization or lack of asthma control, lack of eosinophilic inflammation 
and a different response to controller medication. Therefore, the clinical evaluation of an 
obese patient with asthma must require a more rigorous and objective approach.

Whether this relationship is really causal or represents parallel co-morbidities is 
unclear. In animal models, there is an increasing amount of evidence for the role of 
adipokines derived from fat tissue in the relationship between obesity and asthma. This 
adipokines cause a low grade systemic inflammation, which might cause or enhance 
bronchial inflammation. The data are conflicting in humans. However, the fact that 
weight loss improves asthma control and normalizes the concentration of adipokines 
in the serum implies that there must be some role for adipokines in the relationship 
between obesity and asthma.

Since obesity is a component of the metabolic syndrome and the metabolic syndrome 
is also a form of systemic inflammation, it is to be expected that there is a relationship 
between metabolic syndrome and asthma. The few data that are available show that 
there is no relationship between metabolic syndrome and asthma, but there is one 
between the metabolic syndrome and asthma-like symptoms.

Further research is needed to confirm the relationship between obesity and asthma in 
humans, where a rigorous approach in the diagnosis of asthma and use of good control 
groups is essential. Intervention-based longitudinal research might find a definitive an-
swer to the question of what the basis of the relationship between obesity and asthma 
could be.
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