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Abstract

Obesity is associated with increased severity of asthma. Bariatric surgery can be effective in weight loss and improvement in
asthma. Two reviewers conducted a systematic review using search terms: ‘weight loss’, ‘bariatric surgery’, and ‘asthma’. Adult
studies including all bariatric procedures and nonsurgical weight loss regimes were included. Thirty-nine studies, including
twenty-six bariatric studies and thirteen nonsurgical studies, were found. No study directly compared bariatric surgery to
nonsurgical techniques. Bariatric surgery offered greater weight loss (22-36%) than nonsurgical programmes (4.1-14.2%)
and more consistently improved medication use, airway hyperresponsiveness, hospitalisation rate or ED attendance and lung
function, while change in inflammatory markers were variable. Bariatric surgery appears to be superior in treating asthma;
however, further study on surgery for both mild and severe asthma is required.
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Introduction

Treatment of obesity-related comorbidities is a major factor in
the treatment of obesity, such that in the UK, National
Institute for Health and Clinical Excellence (NICE) guidelines
suggest a BMI of > 35 kg/m? threshold for patients with at
least one comorbidity for access to bariatric surgery [1].

Obesity is associated with both increased severity of asth-
ma and more frequent exacerbations [2—4], while higher BMI
has been linked to greater prevalence of asthma with a clear
dose-response relationship [4, 5]. Indeed, the Global Initiative
for Asthma (GINA) management strategy cites obesity as a
modifiable risk factor in asthma management [6].

The pathophysiology of asthma is complex, and several
phenotypes have been identified by various authors [7-11];
the ‘obesity phenotype’ characterised by late-onset, absence
of atopy and moderate airway hyperresponsiveness. Bariatric
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surgery has been demonstrated to result in greater weight loss,
more physical activity, and 20% lower mean energy intake
compared to nonsurgical control subjects over a 10-year peri-
od. Furthermore, 2- and 10-year incidence rates of hypertri-
glyceridemia and diabetes are more favourable [12].

An analysis of the Michigan Bariatric Surgery
Collaborative (MBSC) clinical registry of 13,057 patients
[13] found 18.6% of all patients undergoing bariatric surgery
to have asthma with the use of at least one medication—a
significant disease burden. Reportedoutcomes of bariatric sur-
gery in asthma patients mainly consists of observational stud-
ies, some with large numbers; however, no study, including
RCTs have directly compared bariatric surgery to nonsurgical
weight loss interventions for asthma control, likely due to the
logistical and methodological difficulties this would entail.

This systematic review aims to identify and compare the
current evidence in support of surgical and nonsurgical weight
loss interventions for the purpose of improving asthma
outcomes.

Methods

Two reviewers conducted a systematic review according to
PRISMA guidelines using the PubMed (MEDLINE) and
Google Scholar databases from inception to October 2020.
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The following search terms were used: ‘weight loss’, ‘bariatric
surgery’ and ‘asthma’. All language articles were searched.
Review articles reference lists were scanned for further studies
to include.

Inclusion criteria included the following: adult age >18 years,
patients with obesity and asthma confirmed before intervention
and human studies only. All types of bariatric surgery were in-
cluded such as laparoscopic adjustable gastric banding (LAGB),
sleeve gastrectomy (SG), Roux-en-Y gastric bypass (RYGB)
and biliopancreatic diversion duodenal switch (BPD-DS). All
nonsurgical weight loss programmes were evaluated including
hypocaloric diet regimes with or without exercise programmes.
Case series and cohort studies were included where data for an
asthma subgroup could be identified.

Population exclusions include mice models, obstructive
sleep apnoea and COPD. Comparison exclusions were out-
come in patients without asthma or obesity. Outcome-based
exclusion criteria were use of CPAP or resolution of OSA

(Fig. 1).

Results

Thirty-nine original studies were identified between 1993 and
2019, including a total of 5185 patients. Major outcome mea-
sures are summarised in Table 1.

Studies of Bariatric Surgery

Twenty-six studies including 4359 patients were identified
(Table 5). No RCTs were found. Follow-up ranged from 3
months to 5 years.

Weight loss when reported was significant in all bariatric
surgery studies (Table 2) with Baltieri et al. [18]
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Table 1 Major outcome
measures described in RCTs,
cohort studies and case series

(1) Medication use

(2) Symptom scores/quality of life

(3) Lung function

(4) Airway hyperresponsiveness

(5) Markers or mediators of inflammation

(6) Healthcare encounters/exacerbations

(7) Anthropometric measurements

* Number of asthma medications or dosages prescribed

* Regular use of

o inhaled corticosteroids (ICS)

o short-acting beta agonists (SABA)

« Use of rescue medications

« Asthma control test (ACT)

* St George’s Respiratory Questionnaire (SGRQ) [14]

* Visual-analogue scale (VAS)

 Asthma symptoms utility index (ASUI)

* Control of Allergic Rhinitis and Asthma Test (CARAT)
 Asthma severity score (ASS)

« Asthma control questionnaire (ACQ)

 Asthma quality of life questionnaire (AQLQ)

 Asthma life quality (ALQ)

* Forced expiratory volume in 1 second (FEV1)

* Forced vital capacity (FVC)

* FEVI/FVC ratio

« Expiratory reserve volume (ERV)

« Functional residual capacity (FRC)

* Peak expiratory flow rate (PEFR)

* Total lung capacity (TLC)

* Methacholine challenge test (MCT)

« Provocation dose to achieve >15% fall in FEV1 (PD15)
« Provocation concentration to achieve >20% fall in FEV1 (PC20)
« Adipokines: leptin, adiponectin

« C-reactive protein (CRP)

« Exhaled nitric oxide (FeNO)

* Cytokines: IL 1-6, IL-18, IL-10, tumour necrosis factor (TNF)-a
» Immunoglobulins: IgE, IgG, IgM, IgA

« ED attendance

* Hospital admissions

* Number of exacerbations

« BMI

* Weight

demonstrating the greatest average weight loss of 40.52 kg or
40.5% total weight loss (%TWL), p < 0.0001.

Asthma Medication Use

Eighteen studies [9, 13, 16, 17, 20, 21, 25-30, 32-38] demon-
strated cessation or reduction in at least one medication. Seven
studies [21, 25, 27, 30, 32, 35, 38] reported cessation of all
asthma medication in more than 40% of their respective cohorts.

Guerron et al., the largest study (n = 751), reported a re-
duction in mean number of medications from 1.4+ 0.6t0 0.8 +
0.8 at 1 year postoperatively (p < 0.0001). Sikka (n = 40) [29]
found mean respiratory prescriptions reduced from 7.0 to
3.8 at one postoperative year (p = 0.002), while Reddy [13]

@ Springer

(n =257) found 101 patients became asthma medication free
following bariatric surgery (p < 0.0001).

Reddy et al. [13] reported significantly lower inhaled bron-
chodilator and ICS use (p < 0.0001); Dixon et al. [9] demon-
strated a significant reduction in SABA usage (p = 0.001).
Lombardi et al. [28] demonstrated significant reduction in
ICS use (p < 0.03), while van Huisstede et al. [20] reported
a small reduction in ICS use in their treatment group (BS+A).

Symptom scores and Quality of Life

Ten studies [9, 15, 17-20, 26, 27, 31, 34] considered symp-
toms, with all but Forno et al. [17], describing significant
improvement. Major scoring systems including asthma
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Table2  Summary of changes in weight or BMI

Author (ref) Study Weight or BMI reduction (average)
Bariatric surgery studies
Santos [15] Cohort BMI —11.3 kg/m® p <0.001
Guerron [16] Cohort BMI —14.5 kg/m’ -
Forno [17] Cohort 83-86 Ibs (37.6-39.0 kg) -
Baltieri [18] Cohort 40.52 kg, (40.5%), BMI from 43.05 to 25.7 p <0.0001
kg/m®
Maniscalco [19] Cohort 40.1 kg, BMI —14.8 kg/m? intervention p<0.0001 (between groups)
group, 2.5 kg, BMI —0.9 kg/m? control
group
van Huisstede [20] Cohort BMI —14 kg/m? -
Chapman [23] Cohort BMI —18.5 kg/m® TH2-high group, —12 p <0.0001
kg/m® TH2-low group
Al-Alwan [24] Cohort BMI —9.9 kg/m? (asthma subgroup) -
Toh [26] Series BMI (1) —=6.1 kg/m2 and (2) —16.6 kg/m2; -
excess weight loss of (1) 9% (2) 51.6%
Boulet [27] Cohort 51 kg, BMI —16.8 kg/m’ p <0.001
Dixon [9] Series BMI —13.68 kg/m” »<0.001
Lombardi [28] Cohort BMI 3.7 kg/m? p=0.001
Reddy [13] Cohort BMI —14 kg/m? BMI 49 to 35
Maniscalco [31] Cohort Treatment group: 26.3 kg (22%), BMI Greater weight loss in treatment
—10.8; control group: +5 kg gain (4.4%). group (p < 0.001).
BMI +1.3 gain
Spivak [32] Series BMI -10.1 kg/m® -
O’Brien [34] Series 47% mean excess body weight loss -
Dixon [36] Series 35.9 kg (28.7%) and BMI —12.8 kg/m? -
Macgregor [38] Series 45kg, 68% excess body weight loss. BMI -
-16
Nonsurgical weight loss studies
Ozbey [14] RCT 5.2 kg in intervention group, —1.8% body p <0.01, between-group p = 0.00
fat
Freitas [39] RCT 6.1 kg (6.8%) WL+E vs. 2.9 kg (3.1%) p <0.001
WLAS
Ma [40] RCT 4.0 kg (4.1%) intervention group vs. 2.1 kg p <0.01(kg), p = 0.005(%)
(2.1%) control group
Scott [41] RCT Greater weight loss achieved in the dietary p<0.001
and combined groups vs. exercise group
Dias-Junior [42] RCT 7.88 kg, (7.5%). BMI —5.3 kg/m’ in p <0.001 within and between groups
treatment group
Scott [43] RCT 8.4 +4.4 kg (8.5 + 4.2%) dietary p <0.001 (dietary), p < 0.01 (exercise),
intervention, 1.3 +2.2 kg (1.8 £ 2.6%) p <0.001 (combined)
exercise intervention, 8.2 + 5.1 kg (8.3 £
4.9%) combined intervention. Weight
loss significantly greater in the dietary vs.
combined/exercise groups.
Hernandez Romero [44] RCT Diet A: 9.73 kg (10.58%), BMI —3.79 Greater weight loss in diet A (p < 0.001)
kg/m?
Diet B: 5.04 kg (6.06%), BMI —1.98 kg/m?
Stenius-Aarniala [45] RCT Treatment group: 14.2 kg Not given
Control group: 0.3 kg (by end of the
programme)
Turner [46] Cohort 36% achieved 5% total body weight loss, -
37% achieved 10% total body weight loss
Pakhale [47] Cohort 16.5 kg (14.2%) treatment group p <0.001 treatment group, ns control group
Johnson [48] Cohort 8.5 kg (8%) -
Hakala [49] Cohort 14 kg. BMI —5.1 kg/m* p<0.001
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Table 3 Summary of scoring

0 7 domains: 5 for symptoms, 1 for rescue bronchodilator use, 1 for FEV1.
0 A 7-point scale is used in each question (0-06).

o Total score is the mean of all domains—between 0 (totally controlled) and 6 (severely

o A change of >0.5 points is considered clinically significant.

0 5 domains: restriction of work, waking up at night, shortness of breath, use of rescue
medication and patient’s overall impression of asthma control.

o Total score is the sum of each domain which gives a score out of 25.
0 19 or less indicates poor control; 20-25 indicates good control.

0 76 items divided into 3 parts measuring symptoms, activity limitation and social and
emotional impact of disease. Each item is accorded a weight determined by the degree of
distress accorded to each symptom or state described.

o Overall scores range from 0 (no effect on quality of life) to a maximum score of 100

o A clinically important change in total score is >4 units.

0 10 questions concerning upper and lower airway symptoms, sleep disturbance, limitation of
activity and need for increase in medication over a four-week recall period.

o Answers are scored on a 4-point Likert scale.
o Total score ranges from 0 (poor control) to 30 (excellent control).
o Normally between 0 mm ‘best possible’ to 100 mm ‘worst possible’ for patient reported

o Global Initiative for Asthma (GINA) treatment step has been used to give a measure of asthma

o This ranges from least severe, step 1—as needed low dose ICS formetorol, to most severe, step
6—high dose ICS and LABA = add on therapy, e.g. tiptropium.

o A composite of measure of symptoms and treatments used by O’Brien.

o Higher values indicate poorer control; lower values indicate improvement.

o Five domains: cough, wheeze, dyspnoea, sleeplessness and medication side effects.
o Responses recorded on a 4-point Likert scale.

o Scoring methodology as described by Revicki [55]

0 32 questions and four domains: symptoms, activity limitation, emotional function and

o Responses are related to the previous 2 weeks

o Each response is on a 7-point scale (7 = not impaired at all - 1 = severely impaired).

o Overall score is the mean of all responses; a greater score indicates better quality of life.
o A change of >0.5 points can be considered clinically important.

o 15 questions in the same 4 domains as the original AQLQ: symptoms, activity limitations,
emotional function, and environmental stimuli, also in a 7-point scale.

o Overall score is the mean of all responses.

o A change of > 0.5 points can be considered clinically important.

systems used for asthma ACQ
symptoms and quality of life
uncontrolled) [50].
ACT
o Each domain is scored from 1-5.
SGRQ
(maximum perceived distress)
CARAT
VAS
symptoms in a particular domain.
GINA
severity.
ASS
ASUI
AQLQ [52,
53] environmental stimuli.
Mini-AQLQ
ALQ

0 A questionnaire of 20 items with a yes/no response; all questions are weighted equally

o The sum of all positive answers makes up the total score, ranging from 0 to 20.

control questionnaire (ACQ) [50], asthma control test (ACT)
[51], AQLQ [52, 53] and mini-AQLQ [54] (Table 3).

Asthma Control Questionnaire Boulet et al. [27] and Dixon
et al. [9] reported statistically and clinically significant
ACQ improvement after surgery (p = 0.03, p < 0.001).
van Huisstede et al. [20] demonstrated improvement from

@ Springer

baseline (p < 0.05) not only in the intervention group (BS+
A) but also in the control group (NBS+A) (p < 0.05).

Asthma Control Test Baltieri et al. [18] described improve-
ment from 18 to 25 (p < 0.0001) and Maniscalco et al. [31]
from 18.7 to 22.2 (p < 0.001), with the control group un-
changed. Maniscalco et al. [19] reported significant
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improvement at 1 year after LAGB (p < 0.0001), persisting at
5 years. Forno et al. [17], in a large post hoc analysis, found
only modest changes from 21.0 at baseline to 20.8 at 60
months; however, it is worth noting that baseline ACT was
already considered ‘adequate’ in this study.

Other Symptom Scores Santos et al. [15] reported CARAT
[56] score improved by 3.9 (p = 0.017) in upper airways and
4.2 points (p = 0.027) in lower airways, and GINA [6] treat-
ment step decreased by 1.8 (p = 0.017). Asthma severity score
(ASS) was reduced from 44.5 to 14.3 (p < 0.001) in one study
[34].

Quality of Life Scores Both bariatric studies describing AQLQ
showed significant improvement [9, 20]. Improvement in
mini-AQLQ [19] (p = <0.001) and ALQ [15] (p = 0.017)
was also reported.

Lung Function

FEV1 and FVC increased in almost all bariatric studies which
considered lung function [9, 15, 19, 20, 23, 27, 31], with the
exception of Baltieri et al. [18], while Al-Alwan et al. [24]
reported significantly increased FEV1 but not FVC. Hewitt
et al. reported significant improvement overall in FEV1 and
FVC, though this was not associated with asthma status [25].

FEV1/FVC ratio, a marker of airway obstruction, was not
found to be changed significantly [9, 18, 20, 23], except by
Maniscalco etal. (2017) [19] (»p <0.001) and only after 5 years
follow-up. Chapman et al. and Baltieri et al. found no change
in PEFR [18, 23].

van Huisstede et al. and Boulet et al. reported improvement
in FRC (p =0.02 and p < 0.001) [20, 27] while van Huisstede
et al. and Santos et al. demonstrated improvements in TLC (p
=0.018, p = 0.036) [15, 20]. Boulet et al. [27] also showed
vital capacity VC (p < 0.001), and ERV (p = 0.006) to signif-
icantly increase, with no change in the control group.

Airway Hyperresponsiveness

Airway hyperresponsiveness (AHR) is a pathological hall-
mark of asthma; it is measured using a stimulus, usually
methacholine which acts on muscarinic (M3) receptors [57],
known as a methacholine challenge test (MCT). AHR record-
ed by, for example, PD20 relates to the dose required to
achieve a >20% fall in baseline FEV1. Six studies reported
this outcome [9, 20, 23, 24, 27, 28].

van Huisstede et al. [20], Al-Alwan et al. [24], Boulet et al.
[27] and Dixon et al. [9] all demonstrated significant improve-
ment in PD20 or PC20 following bariatric surgery (p = 0.001,
p < 0.001, p < 0.001 and p = 0.03). Dixon et al. reported
significant PC20 increase in those with normal IgE levels (p
=0.001) but not those with elevated IgE levels (p = 0.89), with

similar results by Chapman et al. [23] Conversely, van
Huisstede et al. reported PD20 increase only in their IgE-
high subgroup (p = 0.003). Boulet et al. found improvement
of PC20 to be independent of atopic status.

Markers or Mediators of Inflammation

Markers or mediators of inflammation are reported by seven
bariatric studies (Table 4). Leptin was significantly decreased
[18, 20] or unchanged [9], while adiponectin was significantly
increased [9, 18, 20]. IL-6 was significantly increased and IL-
8 decreased in two studies [9, 18], though van Huisstede et al.
[20] found no significant change in IL-6 or IL-8. CRP [18] and
hs-CRP [20, 27] were significantly reduced; IgE [9, 20] was
unchanged and exhaled nitric oxide (FeNO) was either un-
changed [20, 31] or decreased [28]. The effect on TNF-«
was variable [9, 18, 20].

Healthcare Encounters/Exacerbations

Hasegawa et al. [22] (n = 2261) demonstrated ED attendance
or hospitalisation decreased significantly from 22.0 to 10.9%
at 12 months (OR 0.42, 95% CI 0.35-0.50, p < 0.001). Other
studies [34, 36] reported asthma-related hospitalisation in
27.2% and 21.2% of patients 12 months preceding surgery,
and none 12 months postoperatively (p values not given).
Lombardi et al. (n = 14) [28] stated no patients experienced
asthma-related hospitalisations at 12 months postoperatively
(Table 5).

Macgregor et al. [38] found 12.5% (n = 5) reported no
asthma attacks, 18.5% (n = 7) fewer attacks and 12.5% (n =
5) only seasonal/allergy-related attacks postoperatively with
significant correlation between weight loss and improvement
in asthma symptoms (p = 0.0093).

Studies of Nonsurgical Weight Loss

Thirteen studies [14, 3949, 58] including eight RCTs [14,
39-45] describe nonsurgical weight loss interventions in 826
patients, with follow up time ranging from 40 days to 24
months (Table 6).

Of the RCTs, only Stenius-Aarniala et al. [45] and
Hernandez-Romero et al. [44] demonstrated a greater than
10% total body weight loss, while Ma et al. [40] demonstrated
the most modest weight loss of 4.0%. Of other studies,
Pakhale et al. [47] and Hakala et al. [49] reported a greater
than 10% weight loss (p < 0.001) (Table 2).

Asthma Medication Use

Stenius-Aarniala et al. [45] reported a decrease in rescue med-
ication of 0.5 doses in their treatment group (p = 0.002) (vs. 0

@ Springer
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in the control group), fewer exacerbations (p = 0.001), but no
significant decrease in oral steroid courses (p = 0.07).

Hernandez-Romero et al. [44] demonstrated use of rescue
medication to be 20-30% less for salbutamol, theophyllin
and ICS in diet A (1200—1500 kcal/ day of powdered feed)
but was unchanged in diet B (1200-1500 kcal/day
personalised meal regime) except for a 10% reduction in
salbutamol, despite both diet regimes having the same calo-
rie content.

Ma et al. [40] found no statistically significant difference
in medication, including the number of asthma exacerbations
requiring systemic corticosteroids.

Turner et al. [46] (n = 48) demonstrated 23 patients (48%)
requiring reduced dosages (no p value given); Pakhale et al.
[47] and Hakala et al. [49] did not demonstrate any signifi-
cant change in medication use.

IgE FeNO

1 p<0.01 (by week
4)

TNF-a

0.2777

Symptom Scores and Quality of Life

Asthma Control Questionnaire RCTs demonstrated some
conflicting results: Scott et al. [43] found statistically and
clinically significant (>0.5 points) improvement in ‘dietary*
and ‘combined’ treatment arms (p < 0.001 and p <0.05), but
not in the ‘exercise’ arm, while Freitas et al. [39] recorded
improvement in combined weight loss and exercise (WL+E)
(p < 0.001) but no change in the weight loss-only (WL+S)
group.

Dias-Junior et al. [42] showed within- and between-group
improvement (p < 0.001); however, Ma et al. [40] reported
no changes in ACQ within or between groups (p = 0.92) but
describe clinically significant improvement in ACQ (>0.5
points) with a weight loss of 5-10% or >10%. Other studies
by Pakhale et al. [47] and Johnson et al. [48] describe sig-
nificant improvement (p < 0.001, p < 0.0015).

CRP/hs-CRP

— CRPp

A/diet B)
Other results: | IL-1, | IL-2, | IL-4, | IL-5, | IL-10, | IL-13 (p < 0.001) both diets; <> IgE: diet B; < IgG, IgM, IgA both diets.

LIL-8 p < 0.001 (diet

IL-6, IL8

Adiponectin

Asthma Control Test Dias-Junior et al. [42] and Ozbey et al.
[14] reported a mean improvement of 5.17 points (p < 0.001)
and 2 points (p < 0.001) respectively with significant
between-group improvement in ACT. Ma et al. [40] found
no significant change.

ns)

carbonyls, | nitrotyrosine and | 8-isoprostane (p < 0.05) by 2 weeks. | lysine and histidine adducts of 4-hydroxynonenal (p < 0.05) by 4 weeks. 1 uric acid

Other results: | BDNF (p < 0.01) by 2 weeks; ceramides: | C16:0, | C18:0, and | C24:0 (p < 0.05) by 2 weeks, | C22:0 (p < 0.05) by 4 weeks. | protein
(p <0.05).

Leptin

il

St George's Respiratory Questionnaire [59] Stenius-Aarniala
et al. [45] and Dias-Junior et al. [42] found significant
between-group improvements in total St George’s
Respiratory Questionnaire (SGRQ) score (p = 0.02, p =
0.011)). Dias-Junior et al. [42] found significant improve-
ment within the intervention group (p < 0.001) in all do-
mains, and between-groups improvement for activity (p =
0.005) and impact (p = 0.028) domains.

Visual Analogue Scale and ASUI Using Visual Analogue
Scale (VAS), Stenius-Aarniala et al. [45] demonstrated im-
provement in dyspnoea (p = 0.03) but not cough (p = 0.67)

‘1’ significant increase; ‘|’ significant decrease; ‘>’ no significant change; /L, interleukin; CRP, c-reactive protein; is-CRP, high-sensitivity CRP; TNF-«, tumour necrosis factor alpha; /gF, immuno-

globulin E; FeNO, exhaled nitric oxide; BAL, bronchoalveolar lavage; ns, nonsignificant; OB, obesity and asthma undergoing bariatric surgery; CG, control group; WL+ E, weight loss + exercise group;
WL+S, weight loss + sham exercise group; CCL2, chemokine (C—C— motif) ligand 2; CXCL9, chemokine (C—X—C motif) ligand 9; CXCL 10, chemokine (C—X—C motif) ligand 10; BDNF, brain-derived

neurotrophic factor

Table 4 (continued)
Author (ref.), study group(s)
Johnson [48]

@ Springer



OBES SURG (2021) 31:1810-1832

1818

dnoi8 v+SgN ur oueyod juedyusis
ou ‘dnoi3 y+sg ul (50'0>d) L9 01 9°G woy pasoidut OOV M Jo Anpen) (S)
dnoi3 v+SgN w Apuesyiusis pasoxdur
ose ‘dnoi3 v+Sg ut (0'0>d) 0 0} 7' woy paaoidwr OV -2109s woydwAs (p)
SOI Suisn panunuod syudned 71 ‘dnoi8 v+SgN uf “dn mofjoj yyuowr 7| e 4 03
paredwod ‘aurpaseq je ST pasn spa[qns 9 ‘dnoid y+Sg Ul :3sn UuoneIIPIW ewsy (€)
(uoA13 onyea d ou) sypuowr g Je 93y} JO ¢ Ul dAnE3ou ‘ouraseq je syuoned g ur
aanisod :0zdd 1591 d3us[reyo auroydeyRIN - (FHYV) ssdudaisuodsarindAy Aemary (7)
(L9L°0
‘9¥ 0=d) 93uey jou pip (voyeyuadAy Sunussardar) ITL/AY PUe DAL/TATL
“(800°0 ‘810°0=c) Apuroyusis paaoiduit pardy, 5y pue JTL ‘PIdy, 01 01 96 woy
pasordwt YA (100°0>d) pa1dy, G6 01 98 woy pasoidurr [ AF ] ‘uonduny gunt (1)

g )
(100°0>d) s1edA 9A1J 1€ (6°¢ 0} ['f) dnoid [onU0d Uur 9SLAIAP SIS
01 paredwod (¢°g 03 ['4) dnoi3 juounean ur asearour - O JOV-TUIA 1 Jo Aend) ()
(810°0=d) s1eak oA} 38 (1°6T 01 ('61) dnoid Jonuod ur a3ueyo ou
03 paredwod (8 1z 01 '/ 1) dnoi3 juounean ur paseaour 2103s 1)V :3103s woydwAs (7)
dn
MO[[0] JedA [ J& P2J0Uu 9OUIQYIP JueonIuSis ou (100 0>d) dn moqjoy s1eak ¢ e dnoid
[onuoo 03 paredwod oner DA/I AT Pue DAL ‘TAT: ur oseasour :uonduny sun ()

 91qe) 99S -SIddjIew Aloyewweyuy (g)

(1000°0>d) Sz 03 §] WO S} J9A0 paroxdur 2109s )V :9.103s woydwAg (7)
o 19A0

o3ueyd JuBOYIUSIS OU - G/-STAAA ‘ddd "DAA/TATL DAA ‘AT ‘uonduny 3un- ()
“BIuoeoA[310dAYy ur uononpar Je[rurs e PIm 9,06< £q paddoip

SOpLIOJAISLY yI1y Jo TAH MO] s sjuened jo uontodoid :sidvaewr poojq winids (4)
[onuod eunyise Supensuowop Jo asodind oy 10§ pasn 10U (% ¢t) $€S/LTT

Sem QUI[OSEq Je 9SN UONEBIIPAW BUIISE JUL)IOOUOD SN UONEIIPIW ewy)sy (£)
‘(yuoumsnipe JyS1om 1oe 110 (0=d) JSIA JXU Y} J& AI09S | DV
JOMO[ )IM PaJeId0sse APuedrjTugIs JISIA [Ord Je QWOIPUAS JI[OqeRIA “(Juounsnipe
WS1om Jaye ow) J0A0 a3ueYd /£ [('0=d) SYIUOW ()9 J& OE OF 80T O} PISEAIIIP

‘SYIUOW 71 8 L]°0F S’ ] 03 POSBAIOUI ‘QUI[aseq Je [ 91098 [V :3.403s woyduwiAg (7)

U9AIS jou sy[nsar oanerado-jsod :uopouny 3un- (1)

(S9°0-5+'0 ID %S6 ‘750 A

s1BOA € 1B 10MO[ %9% (1000°0>d) A1931ms onerreq jsod uononpar juedoyIusIg Tedk |
Je §°0 F §°0 03 paonpai ‘Afpaneiodoaid 9'( F 4| JO oSe10Ae :9sn uonedPIwW ewypsy (1)

(L10°0=4) T't 0 9'6 woxy Apuesyrusis paaoxdur OV

¢‘doys yuoumean YNID Ul (£10°0=d) §'1 JO 9SeI100p UBdW ‘sAemIre J0MO] Ul (£70'0=d)
7' pue sAemare soddn ur (£1(0°0=d) '€ JO 2seI0UI 2103S [ VY VD :59.103s woydwmAg (7)

($€0°0=d 1/852dMIL1°07) 1004 PUe (T10°0=d TWSTY) %SL-STAAA (810°0=d TW67)

%SLAA] Ut yuswdA0Idw JueoIuSIS (9€0'0=d TWES9) OTL (L10°0=d TWS6T)

[(6g=u)
BUIYSE JNOYIIM
syuoned A103ms

oupeLreq v-sq]

(71 =) A1331ns

dLpeLieq
syjuowr 7| ou :y+SEN
(sypuowr
09) S[onuod
s1e0A 9AL,]  pojerado-uou |
syjuowr 7|
SIBOA G
SIBOA ¢

TAHA ‘(#0°0=d “TueOg) DAL (LO1°0=d TWYZ) DA Ul dsedour :uogouny Juny ([) Syuow 6 - 9

‘O AY JuomIapun
%L€ ‘DS WWaMIdpUN
V+S4dJ0 %¢€9
(Lg=u)
A1981ms
oujeleq 'vV+Sd

‘gOV'T JudamIapun
Ss)pe 98990 G|

dDAY

(9%8'1) Jowo

(9T ) DS (%HLTO)
4OV (%€TL) DAY

[OIMS [euaponp
‘pueq

oses ‘DS ‘DAY
(310409 30}

10J %9'%€ 0} %1°'S9)

Aw010015e3

[eonoa ordoosoredey

10 ssedAq
omsed ordoosorede|

(S€<INED)
Ay1seqo s syuaned 1I070)D)
8L JO 10100 & ur S10T

6¢ ewse ym sjuoned g¢ “V 9pISSINH ueA

gDVv110)
pajen[ead
Juraq ewuyse
9)eIOPOW-0)-p[IW 10
JUOYTULIOYUT
pue A1saqo

97 QI0AdS M splqns 97

1104yo))
L10T
‘IN 00[BISIURIA

GEZTING A103Ins
oujeLeq SuroSiopun
61 BUIISE )M SI[RWR) 6]

110700
810T ‘Honeyq

(A198.mg oweneg
JO JUSWISSASSY
[eurpnyiSuoY)
Apms -SgV'T
o ur Sunedronred
eupse i syuaned

§SS §S6 Jo sisATeue 20( 1504
UOIEOIPAW BUIYISE
paquosard 1< s
A1081ms omerreq

1S, Suo3iopun syuoned 16/

110700
610C ‘Oulog

Hoyop

610T ‘uoLonn
A193Ins oueLeq
Juro3iopun
syuaned 9saqo
97 JO 110700 [€)0}

' UM A)1s2qo pue 30y0)

g ewyse yum sjuoned 8 610T TNT SOIUES

S)NSOY Puk SWOANQ

dn morjoq

[onuo)

UOTJUQAIDU]

adKy Apmg

u uone[ndod ‘Ied A ‘10UIny

(UOAIS JT) INSEAWT QWIOINO ATBWILIJ = 4 BUIY)SE UI A103INS OLIEIIRq JO JOJJ9 UO SIAIPMS Jnpe Jo Areurung

S djqeL

pringer

Ns



1819

OBES SURG (2021) 31:1810-1832

(6¥"0=d) dno13

11 :Auprqiowod
QUO PIM G¢<

[o1u0d oy} ur 9[qess ‘dnoid uonuoAur oY) Ul ([00°0>d) SYUOW 7| I8 SUONBHUIIUOD A193ms A 10 0p< NG pue 110y0)
Surqnop £z Aq paaordwt (zDd— «(JHV) ssoudaisuodsarddAy Lemary (J)  sypuowr ¢ oSiopunjoupip [ SA-Add womiopun 7| ¢z ewnpse yum syuoned g1 710z ‘d710Mmog
LN
Gz 01 0] woyy pasoxdwr quoned | ur pamsesw [JV :9409s woydwiAg () JUB)SISAI-JUUN BT}
do 3s0d () pue m
1 01 £1981ns Surpaoaid 1eak oY) Ul G PUE 4 WO paonpal :syIsiA [eprdsoy LdHuddrowy () € JO SOLIAS B UI BLIYISE SOLIdS
juanjed | ur [[e Jo uonessao quoned | UI POONPAI ;SN UOHBIIPIW BWY)SY (]) Syiuow ¢¢-¢ ssedAq omse3-Turjy 4 s syuoned om], 10T ‘ff YoL
Ayrprqiowod
I<
(100°0=d) sonewyse Ju)sisiod Ul SUOLIIPAW JO JOqUINU UBIW BWUYISE Ul UOINPAI PIM GE< I0 Op<[ING
%8¢ “(100°0>d) %8} Ul UONEBIIPIU BWY)ISE [[E JO UOIN]OSAI :dSN UONBIIPIW ewy)sy (7) syuoned A1931ms
SnJe)S BUYISE YIM POJRIOOSSe A[JuedljiusIs jou DA J pue Sa-adg oueLeq €11 Jo no 10y0)
[ AF ur 93ueyd ‘dnoi3qns eunyise 10J A[[eonyroads ojqejreae ejep oN :uonduny un-y (1) JeoK ¢ ‘DST ‘ADANT Lz ewpsepmsiuaned /7 $10T ‘S DIMOH
10°0>d SSO[ WT1om YNIm ZH G T8 9ANE3oU SSI] JWRdIq dUEIIRI Suny (p) syuoned
ZHG¢ 0} paredwod ZHG Je 19JeaId sem 90UBISISAI Ul FUBYD JBY) YoNns ddUe)SIsal A193ms owerreq
Jo 9ouapuadap Aouanbaxy ur 9sea109p € poNqIYXd spudned ewyse :9oue)sisat uny (g) €2 JO 11040d
(100°0>4d) Tw/Bwg'g 03 £ -pasearout )zDd (YHV) ssdudArsuodsarradAy Aemary (7) (pauryop B UI BUIYISE JASUO J8[ 11010
A ‘0¥ “OAA/TAHA ‘DAL Ut o8ueyd jou uonerado) or10[[e-uou pue 10T
JuedolIUSIS ou ‘(€0'0=d 7'L8 01 8'6L) Apuedyiudis pasoidur | AH :uopduny Sung (J)  syuow | Ams omeueg (0] A)1S2q0 YIIm SI[BWRJ ()] YV UBM[Y-TV
¥ 91qe} 235 — sadjIew Arojewrwreguy (€)
“(6L0=d) dnoi3
Joyd ul (DAA/TAAASYAS0]) Suimorreu Aemire 0} AJADISUIS Ul dFueyd ou Jo Nids (mo]-g3] 1osuo
ul ‘(0" =d uonoeioyur) dnoid y3y-gH.L, oyp ur jou ;nq dnoid mo[-gH.1, 9y ur paroxdur el 71 ‘YSy-g31
(ODAASY3or) 2msoo Aemire 0 ANIARISULS pue YHV :ssaudAIsuodsarindAy Aemary (7) (pauryop 19sU0 A[1ed o) 010D
(87°0=d ‘s¢'0=d) YAAd 10 DAA/TAHA ut 98ueyd oN "(100°0=d pue 100°0>d) jou uoneiodo) euiyse pue 10T
sdnoi3 ySiy-gH 1 pue Mo[-gHI yoq ur paaoxdur DA pue [ AT :uonduny un ([)  syjuouwr g| Ap8ms omeueg gz A1saqo ym sjuoned 7z ‘D uewdey)
uoneqIaoexd
BUISE J0J JISIA 0
Juonesiendsoy
(100°0>d) A1231nSs Iaye SYPUOW 7-€1 %601 (pauryop Joud 1= ym A1931ns SALIDS
“(100°0>d) A193InS 108 SPUOW Z[-(0 %601 ‘(08°0=d) A193Ins 210J0q Sypuow -0 jou uonerodo) oeLeq Juro3iopun S10T
%[ 1 ‘A193Ins 210J0q SYIUOW $7-€1 9% Sy :uonesijeydsoy a0 duepwpe 4 ()  syuow ¢ A193ms omerreq 1977 sjuoned ewysy 3] emegosey
‘A1031ns
oueLeq Suroiopun
yuswoAoxdur payodar (9,0¢) syuened g €8 Suowe +(9 SOLIdS
1uonoNpPaI fuonN[osal payodor (9 /) syudned 7] :UONessIO :3sn UOPLIIPIW ewy)sy (J) syiuowt g-¢ gDOAYTI0ODST Gz posSe sjuoned ewryise 67 G10T ‘N Seqqy
$ 9[qe) 995 :SIdIew Alojewrwnepuy (L)
sypuow
T1 Y& 95ueyo OU pamoys S[[2d I +8D PUE +p(D (89dD) seSeydoroeur (0zdD)
81190 g ‘(AN sprydonnau (zoHq) s[iydoutsod (9¢00=d) Wu/s[[ed 19 0) g Woxy
ApueoyjiuSIs pasea1odp s[[d Isewt A[uQ ‘sarsdoiq [eryouo.aq ur sayenyul Jempp) (9)
odAy Apmig
S)nsyY pue sowony  dn mofoq [onuo) UOTJUOAIIU] u uonendod ‘JeO X “I0UINy

(ponunuod) g J[qe,

pringer

fHs



OBES SURG (2021) 31:1810-1832

1820

Se>

A yim A1031ns
oueLeq SuroSiopun
syuoned ¢ Jo o

SOLIS

(uaA13 j0u onfea d) syuoned /¢ ur paddoys uonesIpaw - IS UONELIPIW ewWPsy (J)  Sypuow g gov1 g euwpse yum syuoned g 600T ‘S ueINS
A1031ns
oueLeq Suroiopun
(200'0=9) syuened Oz¢ Jo Mo SOLIdS
8'¢ 0} (' wo1y paonpax suonduosaid A1ojendsor uesw :asn uopedIpIW ewIPSy ()  SPUOW 4 gAY  op ewse yum siuoned o 0107 ‘N BPIIS
UQAIS Jou s)nsax 1 Jo Apendd) (7)
UOBDIPAW PIOIAISOIILI0I [BIO PUB SUILNONNI[-NUL A1981ns oeLreq
UI U01oNpaI JUEdHIUSIS-UON “(1000°0>4) %9°6T 0 %8 6 *SOI PUE (1000°0>4) %T'0T SuroSopun 7957
0} 94,G¢ :SI0JR[IPOYOUOIQ PI[BYUI U Uononpal Juesyrusis (10000 >d) do-aid .02 DS ‘SA-add ‘dov1 JO [©10) © UI ‘eunyse 11040
0} paredwoo sypuowr 7| 1e 991-uonedIpaw syuoned (] :9sn uopedIpIw ewyIsy ()  syuowr 7| ‘goAyg uadoydeT /6T ym syuaned /67 1102 DY Appoy
 9]qe) — s1vIew A1ojennureyuy (S
“dn moj[o} syyuow g e suonesifedsoy Jo Suoneqraoexs oN
"UQAIS Jou Ss)[nsal [[nJ — 9[eds Jurod ¢ :axeuuonsonb A110Ass euyISy :9.109s woydwiAS ()
(€0°0>d) swerSoomu g1 01 90t
JO eul JUS[RAINDI-0UOSEY)OWO[I9q WO PAONPAI ISN S SN UOHEIIPIW WISV (£) A1081ns
‘DA Pue [ AH] 10} SONBWYISE-UOU PUB SOBUIYISE USIM]IG SOUIYIP ON "USALS Jou omeLreq SuroSiopun
dnoi3qns ewuyse 10J ejep -110Yoo [10} Ul (¢1,(°(0=d) asearour DA :uondunj sun-y () A1saqo s syuoned 11040
‘sypuowr 71 Je syuaned 67 JO 110y00 © ur 1102
da1y) 03 Y310 wogy pednpar danisod ) zAd :(YHV) ssdudaisuodsarndAy Aemary ()  syjuouwr 7| Sa-add 1 euwpse yum syuoned 41 D IprequIo
¥ 9[qe) — sIavIew Aloyewrwepguy (S)
“IQIPOW QUALIIONNJ[ JO VT ‘Quoseannyy ‘SO] ut 93ueyd juedoyiusis oN (100°0=A)
oFesn 3suoFe-¢g Junoe I0YS Ul UONINPAI JUROYIUSIS :3SN UONEIIPIW ew sy (p)
((100°0>d) €9°0 01 #9°1
wox paonpar OV (10°0>d) L8'S 01 L8 wioxg paseardur OOV - $.103s woydwAg ()
yL0=d
pasueyoun paurewal HAL/TAHA (100°0>d) pa1dy, 6'¢6 01 18 woxy pasoidu
DA “(10°0>d) paiday, 706 01 778 Wy [AHA ul juswoAoidwr :uonouny un (7) A1931ns oLeLeq
(68°0=d) S[oA9] HS] pasearoul PIm Suro3iopun syuoned
jou Inq (100°0=c) S[PA9] 3] [ewriou yim syuaned ur juswdsoxdur :sIsA[eue 00y-}sod aov1 ‘dDAd 1 JO 1810} B UI SOLIdS
(€0°0=4) 8T'L 01 06" € WoL paseadul ()zDd - «(YHV) ssoudArsuodsarradAy Aemary (1)  sypuowr 7| ordoosorede 10 uadp ¢z eunpse s suened ¢z 7107 AV uoxiq
7 91qe) 998 :sadjIew Alojewweguy (S)
dnoi3 [o1uod U 9sn UOnEIIPAW Ul 9FULYD OU (dNOIT UONUIAIUI UT UOTIROIPIW
ewuyjse uo Sururewal syuoned om) 0) 7] WOIJ PpAONpPaI SN UoRedpIw ewy)sy ()
(96°0=d) dno13 [onuod oYy ur G/ 0} [°/ WO} PISLAIdUT A0S ()"0 =A)
dnoi3 uonuoAIRIUI UT €°() 0} 9°G WOIJ PIINPAI 21095 [810} :Q)V - 3109s woydwAg (€) ‘SUOIBN]RAD JWIES Y}
dnoi3 JudMIdpUN (S[ONUOD
[onuoo ur agueyd Jueoyrudis ou (dnoid uonuaaur ur (900'0=4) AYA (100°0>4) SE PaIoPISU0D) BUIISE
OA Aoedes [ena ((€00'0=4d) D11 Aeded Suny [e3o /5 oner (100°0>4d) Ddd pue £)150q0 019428
(100°0>4) TAAL (100°0>d) DAA W durfoseq o juswoAordur] :uonduny sun' (7) s sjuened
odAy Apmig
S)nsyY pue sowony  dn mofoq [onuo) UOTJUOAIIU] u uonendod ‘JeO X “I0UINy

(ponunuod) g J[qe,

pringer

A's



1821

OBES SURG (2021) 31:1810-1832

"POpIdU-SE (%%7)
£ “K[rep SI0Je[IpoyouoIq pasn (%€) (0 ‘BWSe J0J UONBIIPIUW pasn 10Suo] ou (9 74)
21 dn mo[jo5 18 ‘A[1ep SI0Je[IpOYOU0Iq Pash (%6°7L) 6T :9SN UonedPIwW ewy)sy (7)

JSI0M Sem | pue , pagueyoun, dIom AK193108
€ ‘SISeq [BUOSEDS B U0 AJUO S)OENE PEY G ‘SYoe)Ie JoM] pey / ‘(UONedIpaw BUWILISE [[B oueLeq Surofiopun SoLIdg
JJO awed yorym Jo 1) syjoene ou papodal 47 :do-1sod “(Seropoun) 1ea4 1od 9< syuoned Kyseidonsed A)1s9q0 pIgiows pue €661
71 “(210A98) 1894 10d (0] < pey syudned gz :syoepe Jo Aouonbayj - AJLI9AIS ewy)sy (J)  syjuowt g4 popueq [BonIOA ‘GOAY  OF euwpse yum syuoned o NV J0S180e]N
0§ 98e <
syuonjed A103Ins
JLIeLIEq 79 JO SALIOS
Kyserd-onsed ur A)1s9qo pue SOLIAS
(9=) 9001 Ul ,,9SLIOIP PASIBW,, B :3SN UONEIIPIW BWIPSY ()  Syuow (g Ppaopueq [BONIOA ‘DAY 9 eunpse yum siuoned 9 H661 NN MNA
(uaAI13 onjeA d ou) Jaye 1eaK oy ul () ‘A103Ins 03 Jord J8aK Y} UI SUOISBII0 A1931ns ojeLieq
Q10w 10 uo uo uoissiwpe [eydsoy paxmbar syuoned £ :sysia q/suonesijeydsoy (€) Suro3opun
*SDI Suisn 1oma,] “dn-mofjoj 1e 9 ‘do-a1d uonesrpow Ajrep Juisn 41 (100°0>4) syuoned ¢¢
oures 9y, 9 ¢,ss9[,, Sursn g ¢, ss9] yonuu,, Juisn syuoned ()7 :9sn UORBIPIW eUNPSY (7) sdaauns do-jsod Jo 1104oo © wox dn
(100°0>d) Apuesyrugis paaoxdur puv -a.ud £q juauissassy pamojjoy A1saqo pue SOLIdS
q1oq :sTAV uo ewrypse jo pedun Afep ‘AJLI9A9S BuIy)se passasse-judned ()  Sypuow 7| Jpueg de7, goy1  gg eunpse yum syuoned ge 6661 ‘df UoxXIig
"A1931ms
JjeLeq Jurosopun SALIDS
“(dn mofog 03 3s0]) umOUN (98°8) € ‘PASUBYIUN (%[ 'H) G ‘SUONEOIPIU JOMA] (gDys) ssedhg LST JO 110400 & I 100T
- paaoIdul (956°97) 6 ‘UONBIIPAW OU - PAAJOSAI (9%()G) L] :dSN HORBIIPIW BWISY ([)  SPUOW 7 omsen) Suny onse[ls ¢ ewpse s spuened ¢ v ‘eemngeyq
‘do-jsod sypuowr 71 oy ur suoissiwupe ou :do-o1d vwuyise 10y A1931ms
SUOISSIWIPE 210W 10 duo pey syudned suru :suopesife)rdsoy / suoneq.IaIeXd ewyisy (£) ouereq SuroSiopun
BUIY)SE JO SUSIS [EOIUI[O OU FurAey se papIiedar ¢¢ Jo [ ‘dn mof[oy A1s2q0 Im
Je § 0} §] WO PIdNPAI UOHEIIPIW AJIep Junye) sjuoned :asn uonedIpIw ewyIsy (7) syuoned 60/ Jo o SoLIdS
(100°0>d) €71 01 Sy WL PAONPAI (SSV) 21008 AILIAADS BUIYISY :$3.1008 woydwiAg (1) sypuow 7| wdo/govT g€ ewmpse i sjuoned ¢ Z00T “Ad UOUF,0
A1031ns
‘paSueyouUN paurelol (518 21-1 yonod 1904 oueLeq SuroSiopun
(9%01) WS19 ‘uonedIpow SS9 Jo dwes PIm swoidwAs Jo [onuod 199q |, pasoidur,, o3uer “(gDys) ssedAg syuaned [ ¢ Jo no SOLIdS
(%87) 1T ‘uonedIpaw ou Junje) ,paImod,, (%L9) L :3sh UONEdNPaw eunsy ()  ‘ueaw) 09 owsen Sury ouse[ls 78 ewyse yim sjuened g ¥00T ‘W °H
A1031ns
oueLeq SuroSiopun
50'0>d (%7'81) swaned g ur juswasoidwr ou ‘syuoned o010z €91 JO 1I0y00 © Ul SALIS
ur paroxduut ‘(958" 18) siuoned ¢ ul pOAJOSAI 9N UOHBIIPIA] :3SN UONEIPIW BUIPSY ()  syjuowt §| gov1 11 ewpse yum siuoned 11 5007 ‘H Mealds
 91qe) 295 :sIdIew Alojewrwegu] (€)
(D)) dnoi3 jonuod ay) ur d3ueyd ou (100°0>d) 77T 0 s[onuod ()] ‘A1931ns
£'81 wolj pesearout ‘dnoi3 g oy ul :(1DV) 159} [0NUOD BWISY :$9.109s woydwAS (7) oueLeq Suroiopun 1I0y0)
*dnoi3 [onuod ur a3ueyd oN ‘dnoid yusunean ur (100°0=d) pa1dy, 7'S6 03 §°L8 WOl (D)D) s[onuod (d0) 71 ‘Aisaqo pue 800T
JAA (600°0=4) paxda, 718 01 0°€8 W0y [AH] ul JuowoAoidwy :uonduny Sun (J)  syuowr ¢ pajerddo-uoN O] gOVyTiuomIopun g] g BWYISE YIM SO[BWDJ 77 ] OO[BISIUBIA
odAy Apmig
S)nsY pue sowony  dn mofoq [onuo) UOTJUOAIIU] u uonendod ‘JBO X “I0UINy

(ponunuod) g I[qe,

pringer

AQs



1822

OBES SURG (2021) 31:1810-1832

Jopred (% predicted); ACT (asthma control test); ADLs (activities of daily living); ACQ (Asthma Control Questionnaire); ALQ (asthma life quality); AQLQ (Asthma Quality of Life Questionnaire); BMI
(body mass index — kg/m2 ); CARAT (Control of Allergic Rhinitis and Asthma Test); FEF25-75% (forced expiratory flow at 25-75% of FVC); FEF75% (flow when 75% of FVC has been exhaled); FEV1
(forced expiratory volume in 1 second); FRC (functional residual capacity); FVC (forced vital capacity); GINA step (Global Initiative for Asthma treatment step); HDL (high density lipoprotein); ICS

(inhaled corticosteroids); LABA (long acting beta agonist); Mini-AQLQ (mini-Asthma Quality of Life Questionnaire); PC20 (provocative concentration of methacholine that results in a 20% fall in FEV,);
PD20 (provocative dose of methacholine that results in a 20% fall in FEV); RR (relative risk); Rtot (total lung resistance); TH-2 (CD4+ T helper-2 cytokines); TLC (total lung capacity); VC (vital capacity)

@ Springer

ompared with controls. Hakala et al. [49] found a similar
improvement in ‘dyspnoea’ (p < 0.001) but not ‘cough’.
Johnson et al. [48] reported asthma symptom utility index
(ASUI) [60] improved by 0.25 (p < 0.002).

Quality of Life Pakhale et al. [47] and Ozbey et al. [14]
showed that AQLQ improved overall (p = 0.003, p <
0.001) with no change in their controls. Scott et al. [43]
reported significant within-group improvement in dietary
(p < 0.01) exercise (p < 0.05) and combined (p < 0.01)
groups.

Freitas et al. [39] demonstrated significant AQLQ im-
provement in all domains from baseline for the WL+E
group, but only in the ‘environmental stimuli’ domain for
the weight loss only (WL+S) group; between-group im-
provement was only found in ‘activity limitation’ (p =
0.007).

Johnson et al. [48] demonstrated an improvement in
mini-AQLQ [54] (p < 0.004), while Ma et al. [40] found
no change.

Lung Function

FEV1 and FVC showed significant between-group increase
in RCTs by Ozbey et al., Stenius-Aarniala et al. [14, 45],
Freitas et al. (which includes an exercise intervention) [39],
and two other studies [47, 49]. Another RCT, Dias-Junior
et al. [42], reported FVC increased compared to a control
group (p = 0.006) but found no change in FEV1. RCTs by
Scott et al. [43] and Ma et al. [55] showed no significant
improvement in FEV1 and FVC, while Johnson et al. [48]
found no significant change in FEV1.

Improvement in FEV1/FVC was only reported by Ozbey
et al. [14]; all other studies showed no improvement [42, 47,
49, 55].

Scott et al. [43] showed no increase in FRC between
groups; however, TLC increased in the exercise and com-
bined intervention groups compared to dietary intervention
(p = 0.037); they also found >10% weight loss resulted in
significantly increased FRC (p = 0.018) and ERV (p =
0.008). Within their dietary group, ERV improved signifi-
cantly (p < 0.05). Freitas et al. [39] found between group
improvement in WL+E compared to WL+S (p = 0.038) for
ERV; however, TLC remained unchanged while Dias
Junior showed no change in ERV.

Airway Hyperresponsiveness

Decrease in AHR was mostly not significant within the
nonsurgical studies, including studies which demonstrated
significant symptom score improvement [42].

Scott et al. [43] found AHR decreased significantly only
within the combined exercise and dietary intervention
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group, from 100 to 66.7% (p = 0.027). Dias-Junior et al. [42]
demonstrated a nonsignificant increase in PD20 of 1.20 mg in
their treatment group, while Pakhale et al. [47] found PC20
improvement in their intervention group approaching signifi-
cance (p = 0.051). Hakala et al. [49] and Aaron et al. [58]
found no significant improvement in AHR.

Markers or Mediators of Inflammation

These are reported by five studies (Table 4). Leptin was either
decreased [39, 43] or unchanged [42, 48], while adiponectin
was either increased [39] or unchanged [43]. IL-6 was signif-
icantly decreased [39, 43, 44], as was IL-8 [44] and TNF-«
[39, 44, 48]. CRP was unchanged [39, 42, 43, 48], while IgE
was unchanged [39, 42] or decreased [44]. FeNO was un-
changed [42] or decreased [39].

Healthcare Encounters/Exacerbations

Only Dias-Junior et al. [42] report a statistically significant
reduction in ED visits (p = 0.0095) in the treatment group.
Ma et al. [40] (n = 330) found no significant change in asthma-
related hospitalisations or ED visits (p = 0.40, p = 0.26,
respectively).

Stenius-Aarniala et al. [45] report a statistically significant
reduction in exacerbations in their treatment group, median 1
(range 0—4) compared to 4 (range 0—7) in the controls (p =
0.001).

Discussion

This review demonstrates significant improvement in asthma
outcomes with weight loss, while bariatric surgery seems to
offer more consistent clinical improvement in medication use,
symptom scores, exacerbations and hospital attendance and
AHR compared to nonsurgical programmes, as well as greater
total body weight loss (22-36% vs 4.1-14.2%).

Clinical Implications

Arguably the most important clinical finding is the reduction
in asthma medication use following bariatric surgery. Guerron
et al. [16] found that preoperative BMI has a significant effect
on asthma medication use and showed significant improve-
ment with surgery, as did Reddy et al. [13] (n =257). Bariatric
surgery also dramatically reduced the risk of hospital admis-
sion or ED attendance for asthma by between 50% [22] and
100% within 12 months [28, 34, 36]. This may reduce the
economic burden of asthma both on health systems and indi-
viduals. In clinical practice, it may be worthwhile to include
respiratory or primary care clinicians in the perioperative

process, analogous to the way diabetes specialists are current-
ly involved, on the understanding that asthma medication
doses will be titrated down or stopped altogether.

That symptom scores and quality of life were significantly
improved in all but one bariatric study is important; these
outcomes can be discussed preoperatively with patients as a
possible benefit of surgery, especially for those whose main
comorbidity is asthma. Routine preoperative symptom scor-
ing for these patients may be worthwhile. Nonsurgical studies
showed some improvement with weight loss, although not
uniformly and many included an exercise component which
may have improved symptom scores and respiratory function
independently of weight loss.

A target weight loss may be relevant, with larger weight
losses being achievable through surgery. Indeed, the largest
RCT of nonsurgical weight loss [40] described clinically sig-
nificant improvement in ACQ scores only with weight loss
>5% [40], while studies reporting >10% weight loss [45, 47,
49] showed improvement in symptom scores. Interestingly,
Forno et al. describe patients who underwent RYGB had sig-
nificantly greater improvement on ACT scores than those who
underwent other types of bariatric surgery (p = 0.002); this
may influence the type of bariatric surgery offered to patients
after multidisciplinary team (MDT) discussion.

Lung Function and Physiology

Obesity significantly reduces ERV, and FRC, the resting lung
volume, due to lung compression which leads to narrowing of
airways and alveolar de-recruitment, while FEV1 and FVC
are also slightly reduced; FEV1/FVC ratio and VC normally
remains the same [61]. This review has largely shown these
changes in FEV1, FVC and ERV to be reversed with weight
loss, although more consistently with bariatric surgery.
Improvement in these mechanical effects on lung function
has also been demonstrated in nonasthmatics [20].

That weight loss has been demonstrated to improve asthma
outcomes can be explained further in two main ways. Firstly,
in the ‘obesity phenotype’ of asthma [7—11, 62—64], individ-
uals experience abnormal collapse and increased sensitivity to
closure of peripheral airways at a higher body mass; thought
to be related to decreased airway wall thickness [65] and in-
creased elastance of the peripheral airway [24, 66]. In this
phenotype, characterised by late-onset, reduced IgE and
CD4+ T helper 2 cytokines (TH2-low), weight loss has a
greater effect than in early-onset atopic asthma, characterised
by elevated IgE and CD4+ T helper 2 cytokines (TH2-high).

Dixon et al. found that AHR improved significantly in ‘low
IgE’ patients (p = 0.001) but not those with normal IgE levels
(p = 0.89) [9], with similar results found by Chapman et al.
They postulate that obesity reduces tethering forces of the

@ Springer
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Limitations of This Review

There is much heterogeneity between studies. They differ in
populations, specific outcome measures, reporting (e.g.
between-group and within-group/from baseline changes) and
units used (e.g. litres vs. %pred); therefore, only a narrative
review, rather than a quantitative synthesis, was possible.

Conclusion and Future Direction

The relationship between asthma and obesity is complex and
likely mediated by a combination of susceptibility to weight-
related peripheral airways collapse, systemic inflammation
and adipokine imbalance resulting in increased airway
hyperresponsiveness. Notwithstanding the limitations of the
review and the quality of the studies, it appears that bariatric
surgery is more effective in treating asthma. We do, however,
require good-quality studies which focus on the effect of bar-
iatric surgery on mild and severe asthma. Should patients with
BMI >35 kg/m?* with mild asthma as their only comorbidity be
offered bariatric surgery? Similarly, should patients with se-
vere life-threatening asthma be considered for bariatric sur-
gery in spite of anaesthetic risks? These questions may need
to be answered with future research.
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