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ABSTRACT  Asthma incidence and severity are increased in obese populations. Systematic reviews have
shown benefit from weight-loss interventions on asthma outcomes, but the role of bariatric surgery is still
unclear. In this review, cohorts of obese asthmatic patients undergoing bariatric surgery were examined
regarding different asthma outcomes. The available data on patients who were followed up showed
improvements in asthma control, exacerbation risk, asthma-related hospitalisation, medication use and
airway hyperresponsiveness, with some patients not requiring further treatment for asthma. Follow-up
duration was variable, being mostly of 1 year, with some studies reporting long-term outcomes after
5 years. The studies reviewed had many limitations, including small numbers of patients, lack of control
arm in some studies and lack of standardisation of asthma diagnosis, classification and outcome measures,
in addition to possible reporting bias. Data on small numbers of patients also show the possibility of
benefit exclusively in nonallergic asthma. Larger, more stringent clinical trials are needed before
recommending bariatric surgery for treatment of asthma.

Introduction

Multiple epidemiological studies have shown increased incidence and prevalence of asthma in obese
populations [1, 2]. While confounding factors including comorbidities, smoking status and diet play a
role, the association between obesity and asthma has multiple supportive arguments, including a
dose-dependent relationship between body mass index (BMI) and asthma incidence [1], increased
severity of asthma in obese patients [3, 4], decreased response to treatment [5], worse asthma-related
quality of life [3, 4] and increased hospitalisations [4]. The pathophysiology of the asthma-obesity link is
complex and involves mechanical [6], cytokine-mediated [6, 7] and genetic factors [6, 8], with complex
genetic-environmental interactions [6]. Furthermore, weight-loss interventions have shown improvement
in asthma outcomes [9-11]. In a recent meta-analysis of randomised clinical trials (RCTs) of weight-loss
interventions, OkoNIEwskI et al. [11] reviewed four RCTs in children and six in adults of weight-loss
interventions in obese asthmatics and concluded that, while the available studies are not uniform, weight
loss leads to improvement in asthma-related quality of life, asthma control and lung function. They found
no RCT evaluating the role of surgical interventions. This review will focus on the available data on the
outcomes of asthma after bariatric surgery, including asthma symptoms and control, medication use,
exacerbations and hospitalisations.
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Bariatric surgery and lung function

Cohort studies have shown improvement of lung function in obese patients after bariatric surgery, mostly
improvement in obesity-related restriction [12-17]. NGuyeN et al. [13] prospectively followed 104 obese
patients after laparoscopic gastric surgery and showed that forced expiratory volume in 1 s (FEV1) improved
by 12%, forced vital capacity (FVC) improved by 9%, peak expiratory flow improved by 15% and forced
expiratory volume at 25-75% of FVC improved by 30% at 1 year. They also noted that improvement
occurred as early as 3 months post intervention. Interestingly, the percentage of patients with an abnormal
FEVI/FVC ratio (defined in their study as <0.8) decreased from 9.6% pre-operatively to 1.9%
post-operatively (p=0.03). Similar results were shown by DAviLa-CervaNnTEs et al. [14], who followed 30
patients without respiratory symptoms at baseline after vertical band gastroplasty with 53% excess weight
loss. In addition to improvement in FEV1, FVC, and inspiratory and expiratory force, none of the patients
who had obstructive (n=4) or restrictive (n=4) disorders showed abnormalities 1 year after surgery.

Few studies have evaluated the effects of bariatric surgery on spirometry parameters in asthma [18-22].
Boutkr et al. [18] reported improvement in FEV1, FVC, expiratory reserve volume, functional residual
capacity (FRC) and FRC/total lung capacity (TLC) in 12 asthmatic patients 1 year after surgery; none of
these patients had obstruction at baseline (defined as FEV1/FVC <70%) and only two patients had FEV1
<80% of predicted value at baseline. In another longitudinal study [19], patients were divided into three
groups: asthmatics and nonasthmatics who had bariatric surgery and obese asthmatics as control. FEV1,
FRC and TLC improved in both groups after bariatric surgery, but FEV1/FVC, residual volume (RV) and
RV/TLC did not change in the asthmatic group, suggesting that improvement is related to the restrictive
component [19]. ArL-Atwan et al. [21], in their more rigorous study that compared obese females with
nonallergic asthma to nonasthmatic controls, showed that in nonasthmatics the restrictive component
improved while in asthmatics only FEV1 improved. They also reported differences in respiratory system
resistance response, suggesting more effect on distal collapsible lung in asthmatic patients.

Taken together, these studies suggest positive effects on lung restriction of bariatric surgery in the general
obese population and in patients with asthma, but the effect on airway obstruction is variable and might
not translate into better asthma outcomes. The effect on bronchial responsiveness and airway
inflammation, which is more relevant in asthma, will be discussed later in this review.

Bariatric surgery and asthma control

Asthma control can be assessed by validated scores and questionnaires, such as the Asthma Control Test
(ACT) and Asthma Control Questionnaire (ACQ), and is a more clinically relevant outcome than
spirometry for the asthmatic population. BoULET et al. [18] showed a significant decrease in ACQ score
from a mean+sp (range) of 5.6+5.1 (0-17) to 0.3£0.5 (0-1) (p<0.03) 1 year after bariatric surgery in 12
obese asthmatics, while the ACQ score remained unchanged in the control group. All six components of
the score showed improvement. Improvement in ACT scores is also reported in other case series [23, 24].
ManiscaLco et al. [24] showed that ACT score significantly improved from 18.7 to 22.2 after surgery in 12
patients with intermittent or mild-to-moderate asthma and who lost at least 20% of their BMIL
Improvement was seen in all five components of the score, whereas the ACT score was unchanged in the
control group who had no change in their weight. Similar improvements in ACT and Mini Asthma
Quality of Life Questionnaire (mini-AQLQ) were reported in another study and persisted after 5 years [22].
O’BrieN et al. [25] used the Asthma Severity Score to assess 33 asthmatic patients before and after
laparoscopic placement of an adjustable gastric band and found that the score decreased from 44.5 before
operation to 14.3 at follow-up (p<0.001). 11 asthmatic patients were regarded as nonasthmatic on follow-up,
having no clinical asthma and not requiring treatment. It is of note that all patients were evaluated by a
respiratory physician pre-operatively, which makes the correct diagnosis of asthma more probable but makes
better medical care a confounding factor. Consistent improvement in other questionnaire scores was also
reported by Dixon et al. [26], where 10 patients were classified as having severe asthma pre-operatively and
none of them retained this classification post-operatively, and by Smvarp et al. [27], who reported
improvement in 79% of 17 asthmatic patients 2 years after bariatric surgery. One might argue that
improvement might be related to improvements in other comorbidities, such as gastro-oesophageal reflux
disease (GORD) or dyspnoea related to restriction from obesity, or to better general medical care for
patients who had surgery, with more stringent follow-up, but the consistent benefit in all components of
the questionnaires, including rescue medication use, night-time awakenings and wheezes, in addition to
the presence and prospective follow-up of control groups in some series, signal better control of asthma as
a disease.

Bariatric surgery and asthma exacerbation

Exacerbations play a significant role in the morbidity and mortality of asthma, leading to more emergency
department visits and hospitalisations; thus, preventing exacerbations is a marker of asthma control and an
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important outcome in asthma therapeutic trials. Few case series have reported the effect of bariatric
surgery on asthma exacerbations [23, 25, 28]. ToH et al. [23] reported three cases of severe
treatment-resistant asthma on oral steroids who underwent bariatric surgery. All these patients had a
significant decrease in emergency department asthma-related visits, from five, three and four visits in the
year before surgery to one, zero and zero visits, respectively. O'BRrIEN et al. [25] followed 709 obese patients
closely after bariatric surgery, including 33 asthmatic patients. Nine patients reported one or more hospital
admissions for acute asthma in the presurgical year; none of them was hospitalised for asthma following
surgery. The regular follow-up by surgeons and general physicians mandated by the study protocol might
have played a role. More insight comes from a well-designed study by Hasecawa et al. [28], who reviewed
administrative data from three states in the USA (California, Florida and Nebraska), including 2261 obese
patients with asthma who underwent bariatric surgery, and compared the number of emergency
department presentations for asthma as well as hospitalisations for acute asthma in four periods: 13-
24 months and 12 months pre-surgery, within 12 months after bariatric surgery and 13-24 months
post-operatively. Patients served as their own self-controls. By including only patients who had emergency
department visits or hospitalisation for asthma, this study focuses on patients with poorly controlled
asthma. The results of this study showed significantly fewer emergency department visits or
hospitalisations for asthma exacerbation within 12 months after bariatric surgery (risk 10.9% (95% CI 9.6
12.2%), compared with 22.0% (95% CI 20.3-23.7%) in the reference period 13-24 months pre-surgery),
corresponding to an odds ratio (OR) of 0.42 (95% CI 0.35-0.50). Similarly, in the subsequent period of
13-24 months after bariatric surgery, the risk remained significantly lower (10.9%, 95% CI 9.6-12.2%),
corresponding to an OR of 0.42 (95% CI 0.35-0.50). Notably, the benefit was seen in both outcomes
(emergency department visits and hospitalisation). To exclude the effect of peri-operative care on asthma
control, Hasecawa et al. [28] performed the same analysis on obese asthma patients who underwent
nonbariatric surgery, and the risk of asthma-related emergency department admission and hospitalisation
was not changed before and after operation.

Bariatric surgery and asthma medication use

Most case series have reported significant decrease in asthma medication use after bariatric surgery
[18, 20, 25, 29-37] and, interestingly, they have also reported a proportion of patients stopping treatment
completely, implying “curative” treatment for asthma. Before reaching any conclusion, it is important to
determine whether the diagnosis of asthma is accurate in those patients, and examine the follow-up they
received, how many patients were lost to follow-up and the baseline severity of their disease. MURR et al. [37]
reported that 100% of asthma patients in their cohort (n=6) had marked decrease in medication use for
asthma as assessed by follow-up questionnaires, with a meantsem follow-up of 30+2 months, without
further details on which medications were stopped or decreased and how “marked decrease” was defined.
Duasuwala et al. [30] followed 157 obese patients post-operatively after gastric bypass surgery; 34 of them
had asthma diagnosed before the operation, requiring treatment. In 17 out of 34 patients, asthma was
labelled as “resolved” (defined as not symptomatic and not requiring treatment), nine patients “improved”
(defined as better control of the disease with the same or less medication use), five were unchanged and
three had no follow-up. The severity of baseline asthma and the type of medications used was not reported
in this manuscript. In the cohort described by O’Brien et al. [25] discussed earlier in this review, all
33 patients required less medication after the operation, 18 patients were requiring daily medication
pre-operatively (suggesting that most patients had mild intermittent asthma), and only eight patients
required daily treatment at post-operative follow-up. MACGREGOR et al. [31], in a retrospective study on
40 patients in 1993, presented more detailed data about the status of asthma in their patients. Patients
were classified as severe if they had >10 exacerbations in a year and moderate if they had 6-10
exacerbations, which is different from the current definition. 70% were classified as severe and 30% as
moderate; despite the frequency of exacerbations, only 72% of patients used daily medications at baseline
and 27.5% were on as-needed medications only. Overall, 42% stopped medications for asthma and 24%
remained on as-needed treatment. In the most severe group, 36% stopped treatment completely, while 32%
stayed on as-needed medications only. Although when evaluated by current understanding of asthma and
treatment guidelines the treatment of these patients was inadequate given the absence of daily controller
therapy in patients with frequent exacerbations, the importance of this study is in showing that patients
with severe asthma might benefit from bariatric surgery. Completely stopping treatment for asthma after
bariatric surgery was also reported in 66.7% [36] and 81% [20] of patients in other small series. More
detailed description of medication use is reported in a retrospective cohort of 320 patients continuously
enrolled in a large, southeast Michigan health maintenance organisation by Sikka et al. [38]. Total
respiratory medication prescription fills decreased by 49% (from 314 to 154 prescriptions) in the
post-surgical year, with only 43.1% of patients filling prescriptions in the year before surgery also filling a
prescription in the post-surgical surveillance period. 33 patients (10.4%) were categorised as “stoppers”
and six (1.9%) as “starters” of respiratory medication. When the analysis was restricted to patients with
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physician-diagnosed asthma (n=40), the results remained valid, with mean pre-surgical prescription fills of
7.0 decreasing to 3.8 in the post-surgical period. The analysis also showed significant decrease in
B,-agonists, inhaled steroids and oral steroids. Similarly, LomBarDI et al. [34] reported a decrease in inhaled
steroid usage in a prospective evaluation of 14 asthmatic patients after bariatric surgery, with a median
decrease in the beclomethasone equivalent dose from 460 ug at baseline to 218 pg 1 year after surgery.

Bariatric surgery, airway hyperresponsiveness and asthma phenotype

Airway hyperresponsiveness (AHR), measured by methacholine challenge tests, has been evaluated in
multiple series of obese patients before and after bariatric surgery. BouLer et al. [18] showed that the mean
provocative concentration causing a 20% fall in FEV1 (PC20) for methacholine improved from 0.84 to
6.2 mg-mL~" (p<0.001) after 1year in the surgery group (n=12), while it remained stable in the control
asthma group who did not have bariatric surgery. Notably, change in AHR correlated with BMI change.
VAN HuissTeDE et al. [19] also showed that, out of 24 patients who had a positive provocation test at
baseline, 13 had negative tests on 12 months of follow-up after surgery.

The effect of bariatric surgery might differ according to asthma phenotype. While it is well known now
that obesity is prevalent across all asthma phenotypes [39], including children [40], two distinct clusters
can be identified: early-onset atopic asthma or allergic type, characterised by high T-helper cell type 2
(Th2) inflammation with improvement of symptoms with weight loss without disease remission [41-43];
and late-onset nonatopic asthma in obese females with little inflammation, sometimes neutrophilic
inflammation [21, 41-44]. In late-onset nonatopic asthma, it is hypothesised that AHR and closure is
caused by obesity, due to loss of outward tethering forces of the parenchyma on the airway, and disease
remission is expected with significant weight loss [21, 41-44]. DixoN et al. [33] also showed that AHR
improved significantly 12 months after bariatric surgery and, interestingly, when patients were stratified
according to IgE levels, only patients with low IgE retained this benefit. CHAPMAN et al. [45], with some of
the same co-authors, also analysed these patients in another report where they classified obese asthmatic
patients as Th2-low (n=8) with low IgE and late onset, and Th2-high (n=5) with high IgE and early onset,
and concluded that weight loss reduced sensitivity to airway closure in Th2-low but not Th2-high obese
asthmatics. This might suggest that obese nonatopic patients with late onset might derive more benefit.

Bronchial biopsies were evaluated before and 1 year after surgery by van HuissTeDE et al. [19] in 22
patients undergoing bariatric surgery. Eight of them had asthma. Submucosal cell counts of eosinophils,
neutrophils, B-cells, macrophages, CD4" T-cells or CD8" T-cells did not change at 12-month follow-up in
either the asthma or nonasthma group; in contrast, mast cells decreased significantly at 12-month
follow-up in the asthma group. An ongoing study at Duke University (Durham, NC, USA; ClinicalTrials.
gov identifier NCT03115632) is currently recruiting patients to test the effect of bariatric surgery on airway
fibrosis (measured on submucosal biopsies) in both asthmatics and nonasthmatics.

The effect of bariatric surgery on exhaled nitric oxide fraction, when evaluated, was variable, with
significant decrease in asthmatics in one series [34] and no change in another [45].

Bariatric surgery, inflammation and adipokines

Obesity is known to induce a state of chronic inflammation, which has been implicated in the
pathogenesis of associated diseases. Adipokines secreted by the adipose tissue play an important role in
this association: leptin is known as a pro-inflammatory adipokine and is increased in the obese population,
while adiponectin [46, 47] is an anti-inflammatory adipokine and is decreased [39, 48]. In addition, obese
patients have higher levels of pro-inflammatory mediators, including C-reactive protein, tumour necrosis
factor (TNF)-o and inteleukin (IL)-6, among others. This imbalance has been implicated in the increased
susceptibility of obese patients to AHR and bronchoconstriction. Airway epithelial cells express
adiponectin and leptin receptors [47], and robust animal data support the role of increased leptin and
decreased adiponectin in AHR [39, 49]. Human studies have also shown this trend, but results have not
been consistent among all studies [50-53].

Bariatric surgery reverses this adipokine imbalance and it has been shown to lead to decreased leptin [54-57]
and IL-6 [55-57] and increased adiponectin [55, 57]. This holds true in the obese asthma population.
SELEvA et al. [58] studied adiponectin, leptin and other inflammatory markers in visceral fat biopsies,
airway biopsies, bronchoalveolar lavage (BAL) and sera from obese asthmatic and nonasthmatic patients
undergoing bariatric surgery. They showed decreased adiponectin and increased leptin in BAL from
asthmatic patients, in addition to increased visceral fat leptin expression. These abnormalities were reversed
after bariatric surgery but did not correlate with markers of airway inflammation, leading to the conclusion
that these adipokines might have direct effects on the airway, independent of inflammation. Recently,
Bartiert et al. [59] followed 19 obese asthma patients after bariatric surgery and showed significant decrease
in systemic inflammatory markers and a decrease in sputum TNF-o.
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Bariatric surgery and asthma: possible mechanisms

The mechanisms explaining the improvement and sometimes remission of asthma after bariatric surgery
and resultant weight loss are probably multifactorial. Mechanical factors from significant weight loss play a
significant role, as it has been shown that obese patients have tidal breathing at low volumes with a
decrease in FRC and expiratory reserve volumes, which leads to collapse of the airways and hyperinflation [47].
Weight loss can reverse these abnormalities and leads to improvement in airway elastance [19, 21, 44].
As discussed, restoration of normal adipokine balance, with adiponectin increase and leptin decrease,
might also play a role. Finally, remission of comorbidities known to complicate severe and difficult-to-treat
asthma, such as obstructive sleep apnoea and GORD, contributes to disease control. Whether bariatric
surgery improves response to inhaled corticosteroids or changes the delivery of inhaled medications to the
distal airways is yet to be elucidated.

Conclusion

The available data, although not uniform, suggest that some obese patients with asthma may benefit from
bariatric surgery with regard to control of the disease, exacerbation risk, medication use and quality of life.
While obese asthma patients can be encouraged to undergo bariatric surgery if they have other indications,
the available evidence is not enough to recommend surgery for obese asthmatic patients in the absence of
other indications. Larger trials are needed, with focus on accurate asthma diagnosis and disease severity
classification according to the current guidelines with optimal treatment. Standardised outcome measures
and assessments are also needed to derive conclusions. In addition, it remains unclear which subgroup of
patients, according to asthma phenotype or baseline BMI, will benefit from such therapy and whether the
benefit is only related to the magnitude of weight loss or other hormonal and cytokine-related factors
might play a role.

Conflict of interest: None declared.
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