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Obesity is an important global health issue for both children and adults. Obesity increases the prevalence
and incidence of asthma and also increases the risk for severe asthma. Here we describe the features of
severe asthma phenotypes for which obesity is a defining characteristic, including steroid resistance,
airway inflammation, and co-morbidities. We also review current concepts regarding the mechanistic
basis for the impact of obesity in severe asthma, including possible roles for vitamin D deficiency, sys-
temic inflammation, and the microbiome. Finally, we describe data indicating a role for diet, weight loss,
and exercise in the treatment of severe asthma with obesity. Better understanding of the mechanistic
basis for the role of obesity in severe asthma could lead to new therapeutic options for this population.
Copyright © 2018, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Severe asthma is an important clinical issue that accounts for
approximately 10% of all of asthma patients but 60% of the medical
costs of asthma.1e3 Severe asthma is asthma that is uncontrolled
even though the patient is on systemic corticosteroids or high dose
inhaled corticosteroids plus another controller medication.3 Obesity
is among the factors that increase the risk for severe asthma. The
purpose of this article is to review the data supporting a relationship
between obesity and asthma, to discuss the data indicating that
obesity increases the severity of asthma, to present the clinical
characteristics of severe asthmatics who are obese, and to explore
potential mechanisms that may account for the impact of obesity on
severe asthma, including data from animal models. Understanding
themechanistic basis for the impact of obesity on severe asthmamay
lead to new therapeutic options for this population in whom stan-
dard asthma therapeutics are relatively ineffective.

Obesity: a risk factor for asthma

Obesity is a global health issue for both children and adults. The
World Health Organization (WHO) reported that between 1975 and
2016 the worldwide prevalence of obesity nearly tripled so that by
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2016, 39% of adults worldwide were overweight and 13% were
obese. The prevalence of overweight and obesity among children
and adolescents rose from 4% to 18% over the same time interval.4,5

In the U.S., approximately 17% of children (2e19 years old) and 35%
of adults are currently obese, with lower obesity prevalences in
Asians (approximately 9% in children and 11% in adults).4 By 2030,
U.S. adult obesity prevalence is expected to reach 51%.6 In Japan, the
prevalence of overweight and obesity has not increased as rapidly.
In 2014, overweight and obesity prevalences were approximately
21% and 4%, respectively, in Japanese adults.7

Obesity is a risk factor for a number of common lifeethreatening
conditions including atherosclerosis, hypertension, and type 2
diabetes. Obesity also increases the risk for asthma.8 Epidemio-
logical data indicate that asthma is more common in obese than
lean subjects. For example, in the U.S., asthma is approximately
twice as prevalent in obese as in lean adults.9 In Japanese patients,
the odds ratio for asthma prevalence in obese versus lean subjects
is 3.31 for males and 3.02 for females.10,11 This association between
obesity and asthma is observed inmost ethnic groups, across all age
groups, and in both sexes,12 although some studies have noted
greater effect sizes in females than in males.13e15 The relationship
also appears stronger for those with central versus general
adiposity.16e19 For example, a large (>88,000 women) study from
the California Teachers Study cohort reported that increased waist
circumference was associated with asthma even among those with
BMI's in the normal range.16 Atopic status also appears to have an
impact on the magnitude of the obesity-asthma relationship. In a
study from Australia involving 4060 patients with asthma,
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stratification of the study population by atopic status identified an
association between obesity and asthma only in the non-atopic
population.17 Similar results were obtained in an adult study pop-
ulation from Southern Sweden18 and among children and adoles-
cents who were participants in the National Health and Nutrition
Examination Survey (NHANES),15,20 although the results are not
consistent.15 Given the key importance of atopy as a risk factor for
asthma, it may be difficult to observe the additional impact of
obesity in atopic subjects.

The first published prospective analysis of the relationship be-
tween obesity and asthma reported data from almost 86,000
women who participated in the Nurses Health Study.14 Women
who were initially asthma-free were followed for 4 years during
which time some of the women received a physician's diagnosis of
asthma. Initial BMI was strongly associated with risk for new onset
asthma, with a relative risk of 2.6 for obese subjects even after
adjustment for a number of factors including age, smoking history,
and physical activity. There was also a clear dose-response rela-
tionship between BMI and risk of new-onset asthma. While this
study involved only women, an even larger prospective study from
Norway, published shortly thereafter, indicated a similar relation-
ship between BMI and new onset asthma in men.21 Since that time,
many additional prospective studies have been performed with
virtually all indicating an increased risk for incident asthma in
obese and overweight adults.9 Similar results are obtained in
children. For example, meta-analysis of data from prospective
studies in children followed for at least one year after BMI assess-
ment indicated a relative risk ratio of 1.5 for obesity and incident
asthma, with significant effects in both boys and girls,22 though
another meta analysis indicated a greater relative risk in boys than
girls.23 A recent study from the Boston Birth Cohort, which followed
children from birth, reported that early life rapid weight gain was
associated with an increased risk of asthma.24 Taken together, the
data indicate that obesity antedates and may therefore contribute
to the development of asthma.

A recent report from the Southern California Children's Health
Study suggests that asthma may also lead to obesity.25 The authors
followed more than 2000 initially non obese children for up to 10
years. Children with an initial diagnosis of asthma were approxi-
mately 50% more likely to become obese than children without
asthma. Interestingly, the analysis also indicated that the increased
risk of obesity with asthma was driven by children who were
already overweight at baseline, whereas there was no increased
risk of obesity in those asthmatic children who were of normal
weight at baseline. Since overweight is itself a very strong predictor
of subsequent obesity, it is important to consider the possibility
that overweight was driving both initial asthma and subsequent
obesity, and that the two phenotypes, obesity and asthma, interact
with each other in multiple complex ways. Such interactions may
be further complicated in the setting of prolonged systemic corti-
costeroid therapy for severe asthma, since such therapy can itself
induce weight gain.

Obesity increases the severity of asthma

Obesity is extremely common in patients with severe asthma. In
the TENOR study of severe asthmatics, approximately 31% and 57%
of children and adults with severe asthma are obese, compared to
obesity rates of 20% and 35% in children and adults within the
general US population.26 Similarly in the British Thoracic Society
Difficult Asthma Registry, approximately 48% of adult severe asth-
matics are obese compared to an adult obesity rate of approxi-
mately 25% in the general British adult population.27 While some of
this increased prevalence of obesity within the severe asthma
population may reflect the obesogenic effects of the systemic
Please cite this article as: Tashiro H, Shore SA, Obesity and severe asthm
corticosteroids that are widely used in this population, there is also
evidence that obesity increases the severity of asthma. For example,
in the Portugese National Health Survey of over 30,000 individuals,
overweight (25.0e29.9 kg/m2), class I obesity (30.0e34.9 kg/m2),
class II obesity (35.0e39.9 kg/m2), and class III obesity (�40.0 kg/
m2) were associated with odds ratios (OR) for severe asthma
(defined as an emergency room visit for asthma within the last 12
months) of 1.36, 1.50, and 3.70, respectively.28 Similarly, in a study
of almost 30,000 U.S. adults and children with persistent asthma,
higher body mass index (BMI) was associated with increased risk of
asthma exacerbations, defined as oral corticosteroid dispensings
linked to an asthma encounter.29 In the U.S., obese adults are at
higher risk of hospitalization for asthma than lean adults30 and in
those hospitalized for asthma exacerbations, obesity is associated
with a significantly higher risk for mechanical ventilation use and
longer hospitalization stays.31,32 Similarly, a Japanese study of
almost 40,000 asthmatic children identified from inpatient records,
noted that obesity was associated with significantly longer hospital
stays and greater likelihood of 30-day readmission.33 Notably,
compared to normal weight asthmatics presenting to emergency
rooms with severe exacerbations, obese asthmatics had higher
rates of inhaled steroid and theophylline use in the week prior to
their ER visit, suggesting poorer efficacy of these medications.32

Clinical characteristics of obese severe asthmatics

The etiology of asthma symptoms is highly heterogeneous,
resulting in a variety of asthma phenotypes. In 2008, Haldar et al.34

applied the statistical tools of cluster analysis for the first time to
data from a large cohort of asthmatics and characterized several
asthma phenotypes. In the decade since, substantial effort has
focused on such asthma phenotyping since it has the power to
identify patients that may respond well to certain therapeutics.
Among the various asthma clusters identified by Haldar et al. was a
group with “obese asthma”. These patients had a particular set of
characteristics that included late onset of asthma, predominantly
female sex, high level of symptoms, low sputum eosinophils, low
atopy, moderate airway hyperresponsiveness and reversibility of
obstruction, and low responsiveness to inhaled corticosteroids 34. A
few years later, the same technique was applied to asthma patients
in the U.S. Severe Asthma Research Program (SARP).35 In the pa-
tients with severe asthma, the authors again identified a cluster
that were predominantly obese, and had late-onset asthma, rela-
tively low atopy, and substantially lower lung function compared to
the other asthmatics in the cohort. Subsequently, others expanded
the phenotyping of obese asthmatics and identified, both in severe
and non-severe asthmatics, at least two obese asthma
phenotypes.36e38 One group included patients with early-onset
asthma usually triggered by allergens, with eosinophilia and high
serum IgE titers, but exacerbated by obesity. The other group
included patients with late, usually adult-onset asthma, who were
predominantly female and lacked Th2 markers.38 As described
above, in this latter group, airway hyperresponsiveness, a defining
feature of asthma, was reversed following weight loss, suggesting
that obesity was causal for their asthma.36

Corticosteroid responsiveness

Steroids are less effective in obese than in lean subjects with
asthma.39 Boulet et al.40 reported the results of administering
inhaled fluticasone with or without the long acting b2-agonist,
salmeterol, to over 1000 asthmatics who were initially not taking
corticosteroids. Compared to subjects with normal BMI's, obese
subjects, especially those with marked obesity, had a reduced odds
of achieving asthma control. Part of this reduced efficacy of
a, Allergology International, https://doi.org/10.1016/j.alit.2018.10.004
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corticosteroids in obese asthmatics may be related to obesity-
related changes in the anti-inflammatory effects of these agents.
The ability of dexamethasone to induce MKP-1, a glucocorticoid
responsive gene, in peripheral blood mononuclear cells and in
bronchoalveolar lavage cells is reduced in obese versus lean asth-
matics.41 Notably, this effect of obesity was only observed in asth-
matics and not in healthy controls. Indeed, in severe asthmatics
with type2-high asthma who are obese, many continue to have
high expression of type 2 cytokine-dependent gene expression in
sputum cells, despite inhaled corticosteroid use.42 While these
studies indicate that obesity does indeed reduce the response to
steroids, there may be an important additional reason why obese
asthmatics do not respond well to these agents: steroids target the
immune processes that mediate allergic responses, but many obese
subjects with severe asthma are non-atopic.43e45

Airway inflammation

Elevations in sputum neutrophils are common in severe asthma
and neutrophils are proposed to contribute to the etiology of the
disease in some severe asthmatics.46,47 Several clinical studies have
evaluated airway inflammation in the setting of severe or uncon-
trolled asthma with obesity. Collectively, the data support the hy-
pothesis that obesity seems to polarize asthma patients towards a
neutrophil dominant rather than eosinophil dominant inflamma-
tory phenotype. For example, Scott et al.48 analyzed induced
sputum from obese and non obese asthmatic patients. Sputum
neutrophils but not eosinophils were higher in obese asthma than
non-obese, though the relationship was only significant in the fe-
male patients. Similarly, Marijsse et al.49 also reported greater
sputum neutrophils but not eosinophils in obese versus lean sub-
jects with poorly controlled asthma. These authors and others50

also reported greater sputum IL-17A, a cytokine important for
neutrophil recruitment, in the obese than the lean patients sug-
gesting that this cytokine may be contributing the neutrophil
recruitment in these patients. Data from animal models also sug-
gest a link between IL-17A and obese asthma.51 Obese mice typi-
cally exhibit innate airway hyperresponsiveness, but this
hyperresponsiveness is not observed if the animals are IL-17A
deficient.52 Compared to lean mice, obese mice also have greater
responses to ozone, a common asthma trigger that promotes
neutrophil recruitment to the airways, including greater ozone-
induced airway hyperresponsiveness, an effect that is attenuated
by blocking IL-17A.53

Even though most studies indicate reduced sputum eosinophils
in obese versus lean subjects with asthma, submucosal eosinophils
are elevated in obese versus lean severe asthmatics.54 IL-5, an
eosinophil survival factor, is also elevated in sputum of obese
versus lean severe asthmatics.49,54 Thus, it is unlikely that eosino-
phils fail to survive within the airway lumens of obese asthmatics.
Instead, the data suggest that the eosinophils fail to migrate from
the tissues into the airways. Thus, some severe obese asthmatics
may have a Th2 dominant type of asthma, as described above, and
may benefit from eosinophil targeted therapeutics.

Co-morbidities

Aside from asthma, obese subjects may have several other co-
morbid conditions including gastroesophageal reflux disease
(GERD), hypertension, obstructive sleep apnea, insulin resistance,
and dyslipidemia. These conditions may complicate asthma in the
obese and there is evidence that at least some of these co-
morbidities may contribute to severe obese asthma. For example,
GERD is very common in severe asthma,55,56 especially in patients
who are obese27 and in SARP, subjects in the obese asthma clusters
Please cite this article as: Tashiro H, Shore SA, Obesity and severe asthm
have more GERD than subjects in the other severe asthma clus-
ters.35 Reflux can cause bronchoconstriction,57 and GERD is an
important risk factor for asthma exacerbations in patients with
severe asthma.58,59 Several large randomized placebo controlled
clinical trials have evaluated the ability of proton pump inhibitors
to ameliorate asthma symptoms, but most identified only a modest
effect or no effect of treatment, although none of the studies
focused specifically on obese asthmatics.60

There is also a high prevalence of obstructive sleep apnea (OSA)
in patients with severe asthma61,62 with rates as high as 80%, and
the frequency of severe asthma exacerbations is higher in asth-
matics with OSA than those without OSA.63 In SARP, subjects with
high risk for OSA had more asthma symptoms and more b2-agonist
use than those with low OSA risk.64 Importantly, these subjects had
greater sputum neutrophils, consistent with the link between
sputum neutrophils and severe asthma described above. OSA is
associated with systemic inflammation,65 and in the obese, the
intermittent hypoxemia associated with repeated obstructive epi-
sodes may exacerbate already existing adipose tissue hypoxia,
worsening adipocyte death, macrophage infiltration, and conse-
quent systemic inflammation characteristic of obesity (see below).
There is evidence that continuous positive airway pressure (CPAP),
a treatment for OSA, reduces systemic inflammation in asthmatics
and also reduces airway responsiveness, asthma symptoms, and b2-
agonist use.60,66 Bariatric surgery also improves both asthma and
OSA.67

Type 2 diabetes is also major complication of obesity and there
is some evidence that obesity coupled with insulin resistance may
interact to promote asthma. Cardet et al. analyzed data from 12,421
adult subjects who participated in NHANES. The authors observed a
strong association between obesity and current asthma, as ex-
pected, but this relationship was stronger in patients in the highest
than the lowest tertile of insulin resistance.68 Insulin resistance also
amplifies reductions in lung function in overweight or obese ado-
lescents.69,70 Exactly how insulin resistance might promote asthma
in the obese has not been established, but there is evidence of ef-
fects of insulin both on the immune system and on airway smooth
muscle.71,72 A retrospective analysis of data from 1332 patients
with asthma and diabetes indicated lower risk of asthma hospi-
talization in patients who were taking metformin for treatment of
their diabetes than in those who were not.73 However, a random-
ized controlled trial of treatment with another type 2 diabetes
therapeutic, pioglitazone, indicated little benefit in obese asth-
matics. Moreover, pioglitazone treatment caused additional weight
gain in these patients.74

Mechanistic basis for the role of obesity in severe asthma

Many other factors may contribute to the ability of obesity to
exacerbate asthma. Belowwe discuss several of these, including the
potential role for obesity-related changes in the microbiome.

Vitamin D deficiency

Obesity and overweight are associated with vitamin D
deficiency,75e77 likely as a result of sequestration of this fat soluble
vitamin in adipose tissue. A meta-analysis of observational studies
evaluating vitamin D deficiency and anthropometric measures in-
dicates that vitamin D deficiency is 35% and 24% higher in obese
and overweight subjects, respectively, that in normal weight sub-
jects.78 The effects of vitamin D on bone health are well established,
and there is increasing evidence of a role for vitamin D in blood
pressure and immune system regulation. There is also some evi-
dence that the vitamin D deficiency may be linked to severe
asthma: several studies have reported an association between
a, Allergology International, https://doi.org/10.1016/j.alit.2018.10.004
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serum levels of vitamin D and asthma exacerbations.79e81 For
example, in Puerto Rican children, vitamin D insufficiency is asso-
ciated with severe asthma exacerbations.79 The effect size is greater
in non atopic than atopic children suggesting that the role of
vitamin D is not related to effects on immune system regulation.
Notably, the effect was still observed after controlling for African
ancestry and time spent outdoors, suggesting that factors other
than UV radiation to the skin were involved. While the children
with vitamin D insufficiency were also more obese than those with
normal vitamin D levels, it is also possible that dietary differences
led to both altered vitamin D intake and to asthma. Interestingly,
one report indicates a more substantial effect of central obesity on
vitamin D deficiency in women than men82 suggesting the possi-
bility that vitamin D deficiencymight be linked to sex differences in
late onset obese asthma. In contrast to the results of these associ-
ation studies, Martineau et al. found no effect on asthma exacer-
bations in double-blind randomized placebo-controlled trial of
intermittent bolus-dose vitamin D supplementation in adult
asthma patients, although the intervention only led to a modest
improvement in serum vitamin D levels.83

Systemic inflammation

Obesity results in a state of low grade systemic inflammation. As
adipose tissue expands and the distance between adipocytes and
capillaries increases, hypoxic death of some adipocytes recruits
macrophages into the tissue. Fatty acids released from dead adi-
pocytes cause activation of these macrophages leading to the
generation of a variety of inflammatory cytokines, including IL-1b,
TNFa, and IL-6. These cytokines leak into the systemic circulation
and may thus impact the lung.84 To examine the relationship be-
tween systemic inflammation and the severity of asthma, Peters
et al.85 studied two groups of asthmatics: one with severe asthma
and one with non-severe asthma. They used serum concentrations
of IL-6 as a marker of systemic inflammation. Asthma patients who
had IL-6 concentrations higher than the upper 95th percentile
value measured in a group of normal health subjects (IL-6 high
patients) were more likely to be obese and have hypertension and
diabetes than patients with low IL-6 concentrations. Importantly,
the IL-6 high patients also had worse lung function and more
frequent asthma exacerbations than the IL-6 low patients. It is
conceivable that IL-6 itself contributes to worsening of asthma in
both the allergic and non-allergic phenotypes of obese asthma. In
mice, IL-6 deficiency reduces the eosinophilic airway inflammation
and airway hyperresponsiveness induced by allergen sensitization
and challenge.86 In obesemice, blocking IL-6 signaling with an anti-
IL-6 antibody also attenuates the neutrophilic inflammation
induced exposure to ozone, a non allergic asthma trigger.87 How-
ever, it is important to note that many inflammatory mediators are
concurrently elevated in patients with systemic inflammation and
that IL-6 may simply be a marker of the metabolic dysfunction that
creates this inflammation. If so, the observed association between
serum IL-6 and asthma severity85 may indicate that improving the
metabolic dysfunction of obesity may also prove useful for
improving the severity of asthma.

IL-1b is also among the inflammatory mediators that are
elevated in the blood of obese individuals.88 The release of IL-1b
from cells is dependent upon the activation of caspase-1, which
cleaves it from its precursor protein. Caspase-1 is activated upon
assembly of the nucleotide oligomerization domainelike receptor
protein 3 (NLRP3) inflammasome which can be activated, via toll-
like receptor 4 (TLR4) by fatty acids. Increased circulating concen-
trations of lipids are common in obese subjects89 and also increase
after a high-fat meal90 and increased lung concentrations of fatty
acids are also observed in obese mice.91 Moreover, increased
Please cite this article as: Tashiro H, Shore SA, Obesity and severe asthm
sputum concentrations of IL-1b and increased NLRP3 and TLR4
expression in sputum cells are observed in obese versus non obese
asthmatic adults.90,92 Eating a meal rich in saturated fatty acids also
increases NLRP3 and TLR4 expression in sputum cells90 and addi-
tion of the saturated fatty acid, palmitic acid, to neutrophils and
monocytes increases their release of IL-1b when challenged with
lipopolysaccharide or TNFa. Data from mice also indicate a role for
the IL-1b/NLRP3 pathway in obese asthma. Obese mice, including
mice rendered obese by high fat diets, exhibit innate airway
hyperresponsiveness,93 but this airway hyperresponsiveness is not
observed if the obese mice are NLRP3 deficient.52

It is also conceivable that sex differences in the ability of obesity
to promote systemic inflammation contribute to the female-
predominance of obese asthma. Periyalil et al. reported that
plasma C-reactive protein (CRP), a marker of systemic inflamma-
tion, was higher in obese than non-obese asthmatic adults, but
within the obese asthmatic group females had higher CRP than
males.94 Similar, soluble CD163, a marker of macrophage activation,
was higher in obese asthmatic female than male children.94

Gut microbiome

Estimates are that more than 100 trillion bacteria from over 1000
different species colonize in human gastrointestinal tract.95 Collec-
tively, these bacteria carry at least 100 times more genes than does
the entire human genome.96,97 There is increasing evidence of a role
for the microbiome in obese asthma.98,99 Obesity itself alters the
community structure of the gut microbiome100e104 and eating pat-
terns associated with obesity, including diets with high fat content
also affects the gutmicrobiome.105e107 Importantly, other conditions
associated with obesity including hyperglycemia, insulin resistance,
and systemic inflammation are regulated by the gut micro-
biome.100,108e111 Microbiota also colonize the lung and there are
differences in both the gut and lung microbiomes in subjects with
asthma.112e117 In severe asthmatics, the lungmicrobiome also differs
between obese and non obese subjects.118

There are data linking the gut microbiome to both allergic and
non allergic forms of asthma. With respect to allergic asthma, data
indicate that early life events that alter the developing gut micro-
biome (early exposure to antibiotics, formula versus breastfeeding,
caesarian versus vaginal delivery, exposure to pets or farm animals)
also affect the risk of allergic asthma.119 Several studies have also
reported that early life changes in the microbiome are predictive of
subsequent asthma development.115e117 Data frommice also support
a role for the microbiome in asthma. In mouse models of allergic
asthma, treatment with certain antibiotics or germ free conditions
exacerbate allergic airway responses.120e123 Moreover, as in the hu-
man studies, the early life window is important for these
microbiome-dependent changes: reconstituting germ free mice by
fecal transfer from conventional mice attenuates allergic airway re-
sponses only when the transfer is performed early in life.122

Our data124 indicate that the microbiome also plays a role in the
asthma-like phenotype of mice to the non allergic asthma trigger,
ozone. However, this role is different from the role of the micro-
biome in allergic airways disease models. In lean male mice, ozone-
induced AHR and ozone-induced neutrophil recruitment to the
lungs are reduced following treatment with an antibiotic cocktail
(ampicillin, metronidazole, vancomycin, and neomycin). Similar
results were obtained in obese female mice in which antibiotics
nearly abolish obesity-related increases in ozone-induced AHR.125

In lean male mice, a reduction in the magnitude of ozone-
induced AHR is also observed in germ free mice versus mice
raised under conventional, specific pathogen free conditions,
whereas, as described above, allergic airway responses are
increased under these conditions.
a, Allergology International, https://doi.org/10.1016/j.alit.2018.10.004
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The mechanistic basis for these effects of the microbiome re-
mains to be established. However, it is increasingly understood that
metabolites produced by gut bacteria can accumulate in the cir-
culation and exert effects outside the GI tract, including in the lung.
For example, Trompette et al.126 reported that in mouse models of
allergic airways disease, the microbiome acts by generating short
chain fatty acids (SCFAs) by via fermentation of dietary fiber. SCFAs
enter the blood stream and alter both intestinal and bone marrow
immune cells ultimately altering the dendritic cells that are
required for allergen-mediated immune responses in the lungs.
SCFAs also appear to contribute to the role of the microbiome in
ozone-induced AHR in mice, though the role of SCFAs differs in this
non allergic model.124

It is possible that the microbiome also contributes to the female
dominance of late onset obese asthma. There are sex differences in
the community structure of the gut microbiome127 and our data
indicate a role for the microbiome is sex differences in pulmonary
response to ozone.127 The gut microbiome also regulates sex dif-
ferences on immune responses.128

Collectively, these data suggest that manipulation of the gut
microbiome via prebiotics or probiotics might be an important
means of regulating the severity of asthma in obese individuals.
Regarding prebiotics, in mice, dietary supplementation with
inulin, a fermentable fiber that results in SCFA generation, but not
cellulose, an insoluble fiber that is not readily fermented, provides
protection from the metabolic effects of high fat diets, including
glucose tolerance and insulin resistance.129 There is some evidence
that inulin might also be beneficial in asthmatics. In a small pilot
study, Halnes et al.130 fed stable adult asthmatics a meal containing
inulin and probiotics or a control meal. In the group that received
inulin but not the control group, there were significant reductions
in cell counts and IL-8 in sputum collected 4 h after the meal, as
well as a reduction in exhaled nitric oxide, a marker of inflam-
mation. Probiotics may also have beneficial effects against both
obesity and asthma. Evidence from mice indicates the ability of
probiotics containing Lactobacilli and Bifidobacteria to promote
weight loss in animals with diet induced obesity.131 Data from
human studies are much more limited, but a randomized
controlled trial of dietary supplementation with a probiotic con-
taining Lactobacillus gasseri for 12 weeks indicated significant
effects of the probiotic on weight loss, particularly from the
Fig. 1. Proposed features of clinical characteristics, possible mechanisms and interventions fo
sleep apnea; NLRP3, NLR Family Pyrin Domain Containing 3.
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abdominal region.132 Similar effects on weight loss were observed
after dietary supplementation with Lactobacillus rhamnosus.133

Treatment with Lactobacillus reduces allergic airway inflamma-
tion in mice134e136 and there is also evidence that treatment with
Lactobacillus gasseri improves lung function and symptoms scores
in children with allergic asthma.137 Thus, there is reason for opti-
mism that treatment with prebiotics and/or probiotics may prove
effective in obese asthmatics, particularly those with severe
asthma, but the efficacy of such treatments in this population re-
mains to be established.

Effect of weight loss

Weight loss, whether by diet and exercise or by surgical inter-
vention, improves lung function, asthma control, and asthma-
related quality of life (see138 for review). For example, Pakhale
et al.139 studied 22 massively obese asthmatics assigned to either a
diet or control group for 3 months. The intervention group lost
approximately 15% of their body weight and had significant im-
provements in asthma control, lung function, and asthma quality of
life whereas no such changes were observed in the control group.
More moderate diet-induced weight loss was also associated with
improvements in asthma control in obese asthmatic children.140

Freitus et al.141 performed a study in 55 moderate to severe obese
asthmatic adults randomized to dietary restriction with or without
exercise. They observed greater weight loss in those assigned to diet
plus exercise than those assigned to diet alone. Both groups had
improvements in asthma control, but the group assigned to diet plus
exercise had greater improvements, and lung function only
improved in the diet plus exercise group. Although the extent of
weight loss was not as substantial (6.8% and 3.1% in the diet plus
exercise versus diet alone groups respectively) as in the study by
Pakhale et al. described above, but the data suggest an added benefit
for exercise over diet alone for obese asthmatics. However,
diet alone or diet plus exercise both confer greater improvements
than exercise alone.142 Bariatric surgery, by either sleeve gastrec-
tomy or Roux-en-Y gastric bypass also improves asthma control,
asthma-related quality of life, and lung function, and reduces
asthma exacerbations.36,143,144 Inmany patients, surgical weight loss
also reduced airway hyperresponsiveness,36,144 perhaps because
obesity alters contractile responses in airway smooth muscle.145
r severe asthma with obesity. GERD, Gastroesophageal reflux disease; OSA, obstructive
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Conclusion

Obesity is very common in severe asthmatics. At least two
distinct obese asthma phenotypes have been characterized, one an
early onset, allergic phenotype and the other a late onset, female
dominated, non allergic phenotype. Importantly, there is also
increasing evidence that obesity is causally related to asthma.
Better understanding of this relationship may lead to more thera-
peutic options for this difficult to treat group. For example, weight
loss, whether by diet or by surgical intervention has been shown to
be efficacious in obese asthmatics. Evidence of a role for the
microbiome in obese asthma also suggests that greater attention to
components of diet and their impact on the gut microbiome may
ultimately prove useful for the obese asthmatic patient (see Fig. 1).
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