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KEY POINTS

e Weight loss achieved by both dietary and surgical interventions improves asthma symp-
toms and control.

e There may a subset of obese patients with asthma who receive added benefits from
weight loss. These patients tend to have late-onset asthma that is preceded by obesity
and have decreased airway hyperresponsiveness with weight loss.

e More research is needed to determine whether the physiologic changes that occur with
obesity are responsible for the improvements in asthma symptoms.

e Weight loss should be recommended to patients with poor asthma control; however, there
are insufficient data to support surgical interventions for weight loss solely for the purpose
of improving asthma control.

INTRODUCTION

The prevalence of obesity has increased significantly over the past several decades,
with more than a third of adults in the United States now considered obese (body
mass index [BMI] >30) according to a recent report from the US Centers for Disease
Control and Prevention. Obesity has a known association with diabetes mellitus
type 2, hypertension, and atherosclerotic heart disease. Over the past decade it has
become increasingly recognized that obesity is associated with asthma, with an
increased risk of developing asthma with increasing BMI in a dose-response manner.
In addition, overweight/obese patients with asthma have more symptoms, poor
asthma control, and decreased response to conventional asthma therapies, including
inhaled steroids.? Patients who are morbidly obese bear the greatest morbidity from
asthma and the prevalence of asthma in the bariatric surgery population is as high
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as 10%.° Obesity has also been recognized as a risk factor for more severe and
difficult-to-treat asthma, and obese patients with asthma have poor response to con-
ventional asthma therapies including inhaled steroids, which is thought to be caused
by glucocorticoid resistance.?*° Animal models and epidemiologic studies have sug-
gested that leptin, a hormone that regulates satiety and is increased in obesity, and
adiponectin, an antiinflammatory hormone that is present in decreased levels in
obesity, may play a role in allergic airway inflammation and subsequently cause wors-
ening asthma.®’” Proposed mechanisms for the increased risk of asthma in obesity
include shallow tidal breathing caused by decreased chest wall compliance causing
decreased airway smooth muscle stretch and increased hyperresponsiveness,
increased incidence of gastroesophageal reflux, sleep-disordered breathing (SDB),
misdiagnosis of asthma, genetic polymorphism, and effects of systemic cytokines
associated with obesity on inflammation in the lungs.®~'" There is likely a causal rela-
tionship between obesity and asthma and thus targeting weight loss in individuals who
are overweight/obese with asthma is likely to lead to improved asthma control and
may even cause reversal of inflammation and potentially fully resolve asthma in pa-
tients for whom obesity is the primary cause of disease.

This article discusses the effect of weight loss via dietary modifications and surgical
interventions on asthma symptoms and control. It is concerned with the effect of
weight loss on inflammatory mediators of asthma and the impact of alterations in
inflammation on asthma.

DIETARY INTERVENTIONS IN WEIGHT MANAGEMENT

There are several observational studies that have been performed to determine the ef-
fect of changes in weight on asthma control and symptoms (Table 1). A study from the
United Kingdom followed 151 patients with severe asthma (75% with BMI>25 and
44% with BMI>30) over a 1-year period and monitored changes in their weight. There
was no correlation with changes in weight and asthma exacerbations or Asthma Con-
trol Questionnaire (ACQ) scores. However, there was a correlation between weight
change and forced expiratory volume in 1 second (FEV) with increased FEV, associ-
ated with decreases in weight (- = —0.3; P = .03)."? In a larger cohort of patients,
Haselkorn and colleagues’® evaluated patients from The Epidemiology and Natural
history of Asthma: Outcomes and Treatment Regimens (TENOR) study with severe
or difficult-to-treat asthma divided into 3 groups based on changes in weight over a
1-year period. The groups were divided into those patients that had greater than or
equal to 2.3-kg (5-Ib) weight loss, less than 2.3-kg change in weight, or greater than
or equal to 2.3-kg weight gain. Those who gained weight reported poor asthma control
and required a greater number of steroid bursts for asthma exacerbations. The pa-
tients who lost weight did not experience improvements in asthma control. However,
this study is limited by the inclusion of nonobese individuals and the low threshold of
weight loss that is likely to result in low power to detect a difference in asthma control
associated with weight loss.

These observational studies indicated that obesity is associated with poorer asthma
control, quality of life, and increased exposure to oral steroids. In these initial studies the
effect of weight loss on lung function measures was unclear because there were con-
trary findings with regard to FEV4. Based on these findings, several investigators
designed studies that incorporated weight loss interventions to determine the effect
of weight loss on markers of asthma control, quality of life, and lung function measures.

Stenius-Aarniala and colleagues'* completed an unblinded randomized controlled
trial of 38 obese patients with asthma assessing the effects of a 14-week weight
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reduction program using a low-calorie diet (1757 kJ [420 cal]) versus no intervention.
The subjects in the intervention group lost 14.5% of their pretreatment weight and this
weight loss was sustained at 11.3% after 1 year. In comparison, the controls lost 0.3%
during the study and gained 2.2% of their pretreatment weight at 1 year. The interven-
tion group showed improvements in FEV4, forced vital capacity (FVC), use of rescue
medication, and number of exacerbations at the conclusion of the study. The improve-
ments in FEV4 and FVC persisted at the 1-year follow-up visit; however, the improve-
ment in rescue medication use was no longer significant. Although there was no
improvement in health status based on the St George’s Respiratory Questionnaire
at the conclusion of the study, there were significant differences in scores at 6 months
and a year. This study was the first to show that a nonsurgical weight loss intervention
could lead to sustained improvement in lung function and health status. In a follow-up
study by the same investigators, 14 subjects had significant improvements in peak
expiratory flow (PEF) diurnal variation, day-to-day PEF variation, and airway resistance
with similar improvements in FEV; and FVC.'® Based on these findings, the investiga-
tors suggested that weight loss may improve asthma through changes in lung me-
chanics and decreased airway obstruction.

Johnson and colleagues'® noted improvements in self-reported symptoms and PEF
rate but not FEV, with an alternating-day low-calorie diet that resulted in an average of
8.5% loss of pretreatment weight. The improvements in lung function occurred within
2 weeks of initiating the diet, suggesting that changes in inflammatory mediators and
other effects of changes in diet may have caused improvements in lung function even
in the absence of significant weight loss. Other studies have noted similar improve-
ments in need for rescue bronchodilator use associated with dietary modifications
exclusive of weight loss. Hernandez Romero'” showed that subjects treated with a
premixed protein powder diet did not require albuterol during the study, compared
with 90% of patients requiring albuterol for rescue in the group receiving a personal-
ized meal plan. The difference in rescue medication use may be explained partially by
the difference in the dietary interventions (ie, components of the two diets) or a greater
decrease in BMI.

If asthma is a consequence of systemic changes associated with diet and not
obesity alone, then dietary changes may mitigate inflammation via alteration of sys-
temic cytokines or changes in the microbiome with downstream alteration of immune
responses. This alteration would be a plausible explanation for why asthma symptoms
improve before the presence of weight loss or to a greater extent in the context of spe-
cific dietary formulations.

Weight loss has positive effects on lung function in subjects with and without
asthma. A study of 58 women (24 with asthma, 34 without asthma) enrolled in an
intensive 6-month weight loss regimen recorded an average decrease in weight
of 20 kg. The FEV, and FVC increased significantly (92 mL and 73 mL respectively)
for every 10% loss in body weight.'® Bronchial hyperresponsiveness as measured
by response to methacholine was not altered by weight loss, a finding that was
reproduced in a study that focused on overweight/obese subjects with asthma.'81°
However, the conclusions that can be drawn are limited by the sample size and the
inclusion of patients without asthma in one of the studies, because this may
confound the results.

The role of exercise as an intervention has not been studied extensively. A study that
examined the effect of weight loss induced by diet, exercise, or a combination of diet
and exercise on asthma symptoms and quality of life noted that exercise alone was insuf-
ficient in improving asthma control as measured by the ACQ. Asthma control improved
after the dietary and combined interventions with a significant decrease in ACQ scores
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Table 1

Changes in markers of asthma control and lung function following dietary weight loss interventions

Study Design Population Intervention Measured Changes

Stenius-Aarniala Randomized Obese asthmatics 14-wk weight reduction Spirometry, PEF Improvement in FEV,, FVC, use
et al,’* 2000 controlled trial program with 8-wk Self-reported of rescue medication, and

low-calorie diet

medication use and
exacerbation

SQRQ

number of exacerbations
Sustained improvement in
SGRQ

Hakala et al,"®
2000

Observational

14 obese asthmatics

14 wk weight reduction
program with 8-wk
low-calorie diet

PEF
Spirometry

Lung volumes
Minute ventilation

Improvement in spirometry,
lung volumes, and minute
ventilation

Decrease in variability of PEF

Aaron et al,'®
2004

Observation

58 obese women,
24 with asthma

6-mo weight loss program

Spirometry
Lung volume
Methacholine

Improvement in FEV;,, FVC in
those who lost weight
No change in airway

challenge responsiveness
Johnson et al,'® Prospective cohort 10 obese moderate 8-wk, alternating-day ACQ, mini-AQLQ, ASUI  Improvement in all
2007 persistent asthma low-calorie diet Spirometry questionnaires and PEF
PEF No change in spirometry
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Haselkorn et al," Observational 2396 difficult-to-treat 3 groups at 1y, (lost, ATAQ Patients who gained weight

2009 asthmatics maintained, or gained AQLQ had worse questionnaire
weight) Number of steroid scores and more steroid
bursts bursts
Patients who lost weight noted
no change
Bafadhel et al,'? Observational 151 asthmatics 3 groups at 1y, (lost, Spirometry No change in ACQ with weight
2010 maintained, or gained ACQ loss
weight) Change in FEV, correlates with
weight change
Scott et al,?° Randomized 46 obese asthmatics 10 wk, diet, exercise, or AQLQ AQLQ improved in all groups
2013 control trial combination ACQ ACQ only changed in the diet
and combination groups
Dias-Junior et al,’® Randomized trial 33 moderately obese 22 diet and pharmacologic ACQ Improvement in ACQ, FVC, and
2013 asthmatics with weight loss, 11 control Rescue medication use rescue medication use in
severe asthma followed at 6 mo Methacholine weight loss group
challenge No change in methacholine
Spirometry challenge response

Abbreviations: ACQ, Asthma Control Questionnaire; AQLQ, Asthma Quality of Life Questionnaire; ASUI, Asthma Symptom Utility Index; ATAQ, Asthma Therapy
Assessment Questionnaire; FEV,, forced expiratory volume in 1 second; FVC, forced vital capacity; PEF, peak expiratory flow; SGRQ, St. George Respiratory
Questionaire.
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(mean =+ standard deviation, —0.6 +- 0.5, P = .001 and —0.5 + 0.7; P = .040). The ability of
reductions in weight to improve asthma control as measured by the ACQ score was
further shown in a study by Dias-Junior and colleagues.'® Weight loss and changes in
waist circumference and fat mass were significantly greater for the dietary and combined
interventions compared with exercise alone and quality of life based on Asthma Quality of
Life Questionnaire (AQLQ) scores improved in all groups. The investigators therefore
concluded that even a modest amount of weight loss equal to 5% to 10% of total
body weight is associated with clinically important improvements in asthma control as
defined by a decrease in ACQ score of greater than or equal to 0.5 and in quality of life
defined as a change in AQLQ score of greater than or equal to 0.5.2° These findings
are clinically meaningful and suggest that weight loss should be included in the
armamentarium of clinical interventions used to manage patients with asthma who are
also obese.

SURGICAL INTERVENTION FOR WEIGHT LOSS

Calorie restriction and behavioral modification may be difficult and ineffective in
achieving and sustaining a significant amount of weight loss in most morbidly obese
patients. Given the increased interest in and prevalence of bariatric surgery as a
preferred therapy for morbidly obese adults, we sought to determine whether weight
lost via surgical interventions resulted in greater alterations in asthma control and
airway hyperresponsiveness (AHR). Early observational studies of bariatric surgery
all showed significant improvements in asthma control.2'2° One of the earliest
studies, by Macgregor and Greenberg?' followed 40 morbidly obese patients with
asthma for an average of 4 years (2-11 years) after bariatric surgery. There was an
improvement in symptoms or decreased medication use in 90% of patients and
48% of patients reported complete resolution of their asthma.?" Furthermore, 5 of
the 40 patients experienced increased asthma symptoms on regaining weight and
all these symptoms resolved with revision of bariatric surgery. A similar study by Dixon
and colleagues®® followed 32 consecutive patients with a physician diagnosis of
asthma for a year and administered standard asthma questionnaires after bariatric
surgery. During the 1-year follow-up significant decreases in BMI were noted from
an average of 45.7 kg/m? before surgery to 32.9 kg/m? after surgery. The patients
were noted concurrently to have an improvement in all asthma-related symptoms
assessed by questionnaire, including decreased severity and impact on daily activ-
ities, asthma medication use, asthma-related hospitalizations, sleep interruption,
and impairments in exercise capacity. Additional observational studies have shown
similar improvements in asthma control with complete resolution of asthma symptoms
and discontinuation of asthma medicines in 48% to 80% of subjects after bariatric sur-
gery depending on the study.?*-27

Additional studies have been designed to determine the effect of bariatric surgery
on asthma by studying respiratory prescription drug claims.?® A large cross-
sectional study of subjects with asthma in the Swedish Obese Subjects intervention
study showed a decrease in asthma-related drug costs in the surgically treated pa-
tients, whereas there was an increased cost among patients treated conventionally.?®
A similar study in the United States that followed a cohort of 320 patients for 1 year
before and after bariatric surgery also revealed a decrease in the number of prescrip-
tions for asthma-related medications in the first postsurgical year. Only 43% of pa-
tients who filled a prescription in the year before surgery filled prescriptions in the
year after surgery. Similar results were found when these analyses were restricted
to patients with a physician’s diagnosis of asthma.?®



Weight Management in Asthma

Although these observational studies are intriguing, they largely relied on patient-
reported symptoms or medication use as markers of asthma improvement. More
recent studies have included objective measures of pulmonary function, AHR, and
inflammation. One of the first was a small prospective trial by Maniscalco and
colleagues®® in which 12 obese female subjects with asthma underwent laparoscopic
adjustable gastric banding (LAGB) and 10 who did not undergo surgery were followed
for 1 year. The intervention group had a significantly improved Asthma Control Test
score, FEV4, and FVC, whereas the control group showed no significant change.
The control group had no change in BMI, in contrast with the intervention group
whose mean BMI was 45.2 + 4.7 before surgery, which decreased to 34.8 + 4.2 after
surgery.

Boulet and colleagues®' completed a study that included 12 patients with asthma
undergoing bariatric surgery and 11 not undergoing surgery and noted improvements
in ACQ scores and pulmonary function testing. This study also showed that AHR as
defined by methacholine challenge (PC20) testing improved after bariatric surgery
and that improvement in PC20 was significantly correlated with the change in BMI
and C-reactive peptide levels.®2 The change in AHR occurred independently of pres-
ence/absence of atopy and metabolic syndrome. Dixon and colleagues®? followed 23
subjects with asthma for 12 months after bariatric surgery. Bariatric surgery resulted in
similar improvements in ACQ scores and FEV. There were no significant changes in
AHR in the group overall. A post-hoc analysis of surgical subjects divided into 2
groups based on immunoglobulin E (IgE) greater than or less than 100 IU/mL was per-
formed and showed significant improvement in AHR in subjects with IgE levels less
than 100 IU/mL but not in those with high IgE levels. These findings suggest that
type 2 helper T cell response (TH2) status at baseline may affect response to bariatric
surgery. Although patients with TH2 high status had improvements in asthma control
and FEV, they did not have any changes in AHR. This finding indicates that the TH2
low phenotype may have AHR that is mediated directly by obesity-related mecha-
nisms such as increased cholinergic tone or increased neurogenic inflammation that
improves with weight loss and results in decreases in AHR.

We were interested in determining whether the effects on asthma associated with
bariatric surgery vary based on surgical technique. A study of 257 patients with
asthma who completed a 1-year follow-up survey after bariatric surgery showed an
overall reduction in asthma medication use in all patients; however, those who under-
went LAGB were only 37% as likely to show improvement in self-reported asthma
severity as those with the Roux-en-Y procedure. This finding may be related to the
lower percentage of weight loss associated with this procedure. However, change
in BMI was not a significant predictor of improvement in asthma medication use on
multivariate analysis for all types of bariatric surgery, so the type of surgery may
have an impact on asthma-related outcomes.*® The type of surgery has been shown
to have a significant impact on resolution of diabetes even before the presence of a
significant amount of weight loss.®* Perhaps similar mechanisms underlying changes
in metabolism are responsible for the disparate findings with regard to improvement in
asthma following bariatric surgery. Further evaluation is warranted to determine the
best procedure to recommend for a patient undergoing bariatric surgery with signifi-
cant comorbid asthma.

WEIGHT MANAGEMENT AND IMPROVEMENT IN ASTHMA COMORBIDITIES

Both gastroesophageal reflux disease (GERD) and SDB are often comorbidities with
asthma and possibly lead to worsening asthma severity. Treatment of these
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conditions has been associated with improvements in asthma symptoms in some pa-
tients.®°738 Both GERD and obstructive sleep apnea are also associated with obesity
and have been shown to improve with weight loss.???®> Macgregor and Greenberg?’
found that although GERD resolved after bariatric surgery in nearly all of the patients
who clinically reported symptoms, there was no significant correlation with improve-
ment in asthma, and some patients reported new-onset GERD after surgery and still
had improvement in asthma.?? In a cohort of 257 patients undergoing bariatric sur-
gery, presence of GERD before surgery similarly did not correlate with decreased
asthma medication use. On the contrary, the presence of SDB correlated with
decreased asthma medication use in univariate analysis but not multivariate anal-
ysis.®3 The only study to assess the effects of nonsurgical weight loss interventions
on GERD and asthma showed improvements in asthma symptoms despite a lack of
change in GERD symptoms.'® There is a lack of sufficient data to reach conclusions
about whether reversal of GERD is the causative factor behind improvements in
asthma control with weight loss.

WEIGHT LOSS AND MARKERS OF INFLAMMATION

Adipose tissue plays a key role in mediating systemic inflammation. Obesity results in
increased levels of proinflammatory hormones and cytokines, including leptin, resistin,
tumor necrosis factor alpha (TNF-a), and interleukin (IL)-6 (Table 2).5° The effect of
weight loss on systemic inflammation has been shown in several studies, including
a reduction in the expression of IL-4, a mediator of TH2 inflammation and other
asthma-related gene expression following surgery. Johnson and colleagues'® noted
that weight loss resulted in an improvement in markers of oxidative stress as well
as TNF-a and brain-derived neurotrophic factor, which are known mediators of airway
inflammation.®3° Weight loss in this cohort was additionally associated with improved
asthma control and AHR based on decreased variability of PEF. Other studies that
evaluated markers of systemic inflammation found no association between weight
loss and changes in inflammatory cytokine expression.’?17%2 It is unclear why weight
loss results in variable responses with regard to cytokine expression; however, the
study populations were heterogeneous with a variety of weight loss interventions,
which may account for the difference. There are 2 studies that reported increases in
adiponectin levels with weight loss regardless of whether the weight loss was
achieved with surgical or nonsurgical interventions.?°-°?

The correlation between clinical markers of airway inflammation in asthma including
fraction of expired nitric oxide (Feno) and sputum eosinophilia has been examined to
determine the effects of obesity on TH2 inflammation. Todd and colleagues*“° reported
that BMI was not associated with sputum eosinophilia despite being increased in asth-
matics in general. Feno is not correlated with changes in BMI, suggesting that obesity
does not have significant effects on TH2 inflammation.*" These studies suggest that
the effect of obesity may be mediated by non-TH2 inflammatory mechanisms. Weight
loss has no effect on Feno expression?®3"33 or sputum eosinophilia.?®3?:33 There are 2
studies that show improvements in sputum eosinophilia in a subset of patients.®2°
The reason for these differential responses has not been delineated but warrants
further study. Innate and allergic airway inflammatory responses are likely altered by
the presence of obesity and asthma. Dixon and colleagues®? reported increased cyto-
kine production in stimulated peripheral T-cell cytokine 1 year after bariatric surgery. A
study including patients not treated with inhaled corticosteroids yielded similar results,
arguing against increased lymphocyte responses being related to decreased antiin-
flammatory therapy.*'



Table 2

Changes in inflammatory markers following weight loss via surgical and nonsurgical interventions

2010

maintained, or
gained weight)

Sputum eosinophils and
neutrophils

Study Design Population Intervention Measured Changes
Johnson et al,’® Prospective 10 obese 8-wk, alternating-day, TNF-o All with significant decrease
2007 cohort moderately low-calorie diet BDNP
persistent Markers of oxidative
asthmatics stress (8-isoprostane)
Maniscalco et al,>®  Prospective 22 obese LAGB followed for 1y  Feno No significant change
2008 cohort asthmatic
women
Bafadhel et al,’? Observational 151 asthmatics 3 groups at 1y (lost, Feno No difference in Feno or sputum neutrophils.

A decrease in sputum eosinophils in
women but not in men who lost weight

Dixon et al,? 2011

Prospective

23 obese
asthmatic

21 obese
nonasthmatic

Bariatric surgery
after 1y

BAL and serum leptin
and adiponectin

BAL cell count

Cytokine production
from isolated CD4 cells

Decreased lymphocyte percentage on BAL
with increased cytokine response from
peripheral T cells

No reduction in airway eosinophils

No decrease of leptin but increase in BAL and
serum adiponectin

Scott et al,?° 2013

Prospective

46 obese
asthmatics

10 wk, diet, exercise,
or combination

CRP

IL-6

Serum leptin
Serum adiponectin
Sputum cell count

CRP, IL-6, and adiponectin were unchanged
Sputum eosinophils improved in the exercise
group only

Dias-Junior et al,'®
2013

Open
randomized
trial

33 moderately
obese
asthmatics
with severe
asthma

22 diet and
pharmacologic
weight loss, 11
control at 6 mo

Feno

Sputum cell count
Serum CRP

Serum leptin
Serum eotaxin
TGFB-1

There was no difference in any of the
measured markers

Abbreviations: BAL, bronchoalveolar lavage; BDNP, brain-derived neurotrophic factor; CRP, C-reactive protein; Feno, fraction of expired nitric oxide; TGFpB-1, trans-

forming growth factor beta-1.
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SUMMARY

Although the heterogeneity in definitions of outcome, interventions, and study design
make direct comparisons among the reviewed studies challenging, they all support
the assertion that weight loss in obese subjects with asthma improves metrics of
asthma control and in some cases lung function and AHR. More questions than an-
swers remain and mechanistic studies designed to delineate the pathophysiologic
changes that underlie the improvements in asthma control with weight loss are
urgently needed.*?~44

Obesity is likely associated with 2 distinct phenotypes: one driven by traditional
forms of TH2 inflammation in which obesity may be a consequence of underlying
asthma and associated therapies, and the other that is driven by non-TH2 inflamma-
tion that is likely a consequence of the direct effects of obesity-related changes on
inflammation.*?“% In the latter group, AHR may be mediated by mechanisms related
directly to obesity, resulting in improvements in hyperresponsiveness with weight
loss. It is this group of patients that is most likely to benefit from intensive weight
loss strategies or bariatric surgery. Overall, weight loss seems to improve asthma
symptoms, decrease medication use, and reduce exacerbations. Therefore weight
management strategies should be discussed with overweight or obese patients who
have asthma with poor control.
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