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Abstract

Background There is an increased prevalence of asthmatic,
obese patients undergoing bariatric surgery. The objective of
our study is to evaluate the severity, level of control, respi-
ratory medication use, and time required for prebariatric
surgery asthma control.

Methods This is a prospective study in which 88 obese asth-
matics were evaluated by a pulmonologist in two steps, pre-
bariatric surgery. In the first step, patients were evaluated for
severity, level of control, and respiratory medication in use,
categorized as bronchodilators and corticosteroids. In the sec-
ond step, the time required for asthma control between steps
and appropriate respiratory medication was determined.
Results Thirty-eight obese patients (43.2%) had intermittent
asthma, 22 had mildly persistent (25.0%), 24 moderately
persistent (27.3%), and 4 severely persistent (4.5%). There
were 43 patients with controlled asthma (48.9%), 31 partly
controlled (35.2%), and 14 uncontrolled (15.9%). The study
sample showed a significant increase in bronchodilators in
the first step and corticosteroids in the second step
(»=<0.0001). Comparisons between steps showed significant
differences with a reduction of bronchodilators and increase
in corticosteroids in the second step (p<0.0001). The mean
time (days) required for asthma control between steps was
28.98+33.40 days, with significant differences between
groups (p<0.001).

Conclusions In prebariatric surgery, there was a higher pro-
portion of intermittent asthma and uncontrolled asthma,
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with asthma severity influencing the achievement of asthma
control and the time required for surgical release.
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Introduction

Obesity is a chronic systemic inflammatory disease that has
reached epidemic proportions during the last two decades,
becoming a public health problem worldwide [1]. The
World Health Organization (WHO) predicts an alarming
increase in this prevalence in the coming decades [1].

Clinical treatment of obesity with a change in lifestyle (re-
education of eating habits, regular physical activity, and behav-
ioral change) and pharmacotherapy to reduce weight in obese
types II and IIT has been frustrating, with frequent recurrences,
causing increased indications for bariatric surgery, which has
grown rapidly in recent years by providing a marked and
sustained weight loss over a long period of time [2—4].

In this obese population, there is the presence of several
comorbid conditions that predispose it to postoperative
complications, particularly related to cardiac and pulmonary
functions [5—7]. Since bariatric surgery is an elective proce-
dure, patients should be carefully selected and extensively
evaluated preoperatively to avoid complications during the
intraoperative and postoperative periods [6—8].

Asthma is the leading chronic inflammatory respiratory
disease, currently with 300 million asthmatics worldwide
[9]. There is an increased prevalence of obese asthmatics
undergoing bariatric surgery [5] that must have their asthma
under control, although it can be difficult to achieve this
control [10, 11].

Previous studies comparing obese asthmatics before and
after surgery have shown clinical improvement and
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reduction of the use of respiratory medication after surgery
[12, 13]; however, no studies have evaluated, in this popu-
lation of asthmatics, the initial clinical aspects and evolution
of asthma control in prebariatric surgery.

Our objectives for this study were to evaluate the sever-
ity, level of control, respiratory medication use, and time
required for asthma control during prebariatric surgery.

Materials and Methods

A prospective study was conducted at the Federal Univer-
sity of Sergipe (UFS), in the city of Aracaju, Sergipe, Brazil,
between January 2007 and August 2011. We analyzed those
obese patients referred for evaluation of surgical pulmonary
risk during the eventual treatment of obesity, consecutively,
according to the demand of the clinic, who would undergo
clinical evaluation and use of spirometry. We selected
patients with a diagnosis of asthma and excluded patients
with other respiratory diseases, individuals unable to under-
go spirometry, and those who did not return for reassess-
ment of their asthma control. The indications for surgical
treatment of obesity followed the guidelines of the WHO
and the Ministry of Health of Brazil [1, 14]. The Research
Ethics Committee at UFS approved the project, and a term
of informed consent was obtained from each patient.

The diagnosis of asthma—its severity (intermittent, mildly
persistent, moderately persistent, and severely persistent) and
level of control (controlled, partly controlled, and uncon-
trolledy—was performed by a pulmonologist at the first con-
sultation, according to the guidelines of the Global Initiative
for Asthma [15], at which time patients were invited to partic-
ipate in the study and were evaluated by questionnaire data on
demographics, anthropometrics, presence of comorbidities,
smoking habits, and respiratory medication use.

The clinical diagnosis of asthma was based on respiratory
symptoms consistent with asthma (recurrent episodes of
wheezing, breathlessness, chronic cough, chest tightness,
and medication use), and the functional diagnosis of asthma
was performed through spirometry by the demonstration of
variable airflow limitation (FEV; <80 % predicted and
FEV/FVC <75 %; airflow obstruction that resolves or
significantly improves after administration of an inhaled
short-acting agonist, FEV; >12 % and >200 ml) [15].

The respiratory medications were evaluated in two steps:
The first step (first consultation) considered that medication
used in the past 3 months, and the second step (final con-
sultation) assessed the medication that had gained control of
the asthma. The medications studied were 32 agonist used
by any route of administration (inhalation: short or long-
acting, oral, and aerosol), inhaled corticosteroids (IC) alone
or associated with inhaled (32 agonist (short or long-acting),
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oral corticosteroids (OC), theophylline, inhaled anticholinergics,
and any other respiratory medication reported by the patient.

The respiratory medications were categorized into two
groups: the bronchodilator group (BD), i.e., 32 agonist
(inhaled: short or long-acting, oral, and aerosol), inhaled
anticholinergic and theophylline; and the corticosteroid
group (CORT), i.e., IC, OC, and systemic. Patients who
were using long-acting 32 agonists+IC in the same device
were considered participants in both groups.

Asthma control was based on the presence of clinical
symptoms (daytime and nighttime symptoms, worsening of
limitation of daily activities, need for rescue medication, and
exacerbations) and functional evaluation (FEV %) [15]. Asth-
ma was defined as controlled when there was as absence of the
clinical symptoms and use of rescue medication (short-acting
{3, agonist) in the last 15 days, besides having normal or near
normal pulmonary function; partly controlled asthma was
diagnosed when the patient presented one or two of the
characteristics described above, per week; and uncontrolled
asthma was diagnosed by the presence of three or more of
these characteristics and/or exacerbation of a crisis. Clinical
guidance and control was conducted for respiratory allergens,
smoking, drugs, and diseases that trigger bronchospasm.

The measurement of FEV; used in the classification of
severity and level of asthma control [15] was performed
with a computerized spirometer (Microlab-3500; Cardinal
Health UK 232 Ltd., UK), with results expressed as a
percentage of the predicted [16].

In the first step, after clinical and functional evaluation,
respiratory medications were prescribed according to the
classification of asthma severity and adjusted to obtain
outpatient asthma control [15], at which time the patients
were released for bariatric surgery and instructed to maintain
the respiratory medications in use.

Asthmatics classified as intermittent and controlled were
released for bariatric surgery at the first consultation. Patients
with mildly persistent and partly controlled or uncontrolled
asthma were initially treated with IC (budesonide, 200 mcg)
twice daily and a short-acting (32 agonist as a rescue medica-
tion; patients with moderately or severely persistent and partly
controlled or uncontrolled asthma were treated with long-
acting (32 agonist (formoterol, 12 mcg) associated with IC
(budesonide, 400 mcg) two times a day, and advised to use a
short-acting 32 agonist as a rescue medication [15].

Statistical analysis was performed using the software
Statistical Package for Social Sciences, version 15.0 (SPSS
Inc., Chicago, IL, USA). The results were expressed as
number of cases (proportion), mean, and standard deviation.
The calculation of 95 % CI for severity, level of asthma
control, and the time required for asthma control between
steps was conducted. A comparison between continuous
variables was performed using the paired Student’s ¢ test.
We used one-way ANOVA to compare asthma severity
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(intermittent, mildly persistent, moderately persistent, and
severely persistent) with the time required for asthma con-
trol between steps. The level of statistical significance was
p<0.05.

Results

Among the 466 obese patients evaluated in prebariatric
surgery, 92 were asthmatics (19.7 %); however, four were
excluded (4.3 %) (two did not return for asthma control, and
two had associated chronic obstructive pulmonary disease).
Therefore, 88 patients were selected for this research.
Table 1 shows the general characteristics of the study
population. There was a predominance of female (73.8 %),
skin color (69.3 %; white), and nonsmokers (65.9 %), and
among the comorbidities, there was a predominance of
arterial hypertension (57.9 %), musculoskeletal disease
(59.1 %), anxiety (59.1 %), obstructive sleep apnea—

Table 1 General characteristics of the 88 obese asthmatics in the study

Variables Results
Female gender® 65 (73.8)

Age® (years) 36.97+8.9
White race® 61 (69.3)
Height® (m) 1.63+0.08
Current weight® (kg) 110.82+18.14
BMI® (kg/m?) 41.13%5.1
Dyspnea® 73 (82.9)
Smoking®

Nonsmoker 58 (65.9)
Former smoker 25 (28.4)
Current smoker 5(5.6)
Arterial hypertension® 51 (57.9)
Diabetes® 24 (27.2)
Musculoskeletal disorder® 52 (59.1)
Anxiety® 52 (59.1)
Depression® 19 (21.5)
OSAHS® 44 (50)

Other comorbidities® 27 (30.6)
Chronic rhinitis® 21 (23.8)
GERD* 17 (19.3)
Pre-BD® (FEV)) 79.76+14.09
Post-BD® (FEV) 84.01+13.46

BMI body mass index; OSAHS obstructive sleep apnea—hypopnea
syndrome; GERD gastroesophageal reflux disease; Other comorbid-
ities hypothyroidism, coronary insufficiency, dyslipidemia, hepatic
steatosis; FEV; forced expiratory volume 1 s; Pre- and post-
bronchodilator values for FEV,; BD bronchodilator

*Values expressed as n (%)
®Values expressed as mean+SD

hypopnea syndrome (50 %), and patients reporting dyspnea
on ordinary exertion (82.9 %). The mean BMI was 41.13+
5.1 kg/m? (variation, 35.06-60.18 kg/m?), 32 (36.4 %)
patients with BMI between 35 and 40 kg/m” (variation,
35.06-39.9 kg/m?), and 56 (63.6 %) patients with
BMI >40 kg/m? (variation, 40.06—60.18 kg/m?). The mean
values of FEV, pre- and postbronchodilator were 79.76+
14.09 and 84.01+13.46, respectively.

Table 2 shows the severity and level of control for the
asthmatics studied. We classified 38 obese patients as hav-
ing intermittent asthma (43.2 %; 95 % CI, 32.8-53.5), 22
with mildly persistent asthma (25.0 %; 95 % CI, 16.0-34.0),
24 with moderately persistent asthma (27.3 %; 95 % CI,
18.0-36.6), and 4 with severely persistent asthma (4.5 %;
95 % CI, 0.2-8.9). As for the level of asthma control, 43
patients were controlled (48.9 %; 95 % CI, 43.75-54.04), 31
partly controlled (35.2 %; 95 % CI, 30.28—40.11), and 14
uncontrolled (15.9 %; 95 % CI, 12.13-19.66).

Figure la—c describes and specify the respiratory medi-
cations used by the 88 patients at each step and compares
the two categories of medications.

In the first step, 30 (34.0 %) patients used one or more BD
alone as their asthma medication (inhaled short or long-acting
[32 agonist, aerosol, oral, theophylline, and anticholinergics), 11
(12.5 %) patients used IC+long-acting (32 agonist, 3 (3.4 %)
used IC+short-acting (32 agonist, 2 (2.2 %) used OC associated
with short-acting (32 agonist, and 1 (1.1 %) patient used OC+
IC+long-acting 32 agonist. In the second step, 24 (27.2 %)
patients used IC alone, and 28 (31.8 %) patients used IC+long-
acting (32 agonist in the same device (Fig. 1a).

The quantities of medications used per patient in the first
step, by category, are specified in Fig. 1b, showing that 41
patients (46.6 %) did not use any respiratory medication, 47
(53.4 %) used one or more bronchodilators, and 17 (19.3 %)
used one or more corticosteroids. Thirty-nine patients
(44.3 %) used only one bronchodilator, three (3.4 %) used

Table 2 Severity and level of asthma control in the study population

Variables Results 95 % CI
Severity of asthma®®

Intermittent 38 (43.2) 32.8-53.5
Mildly persistent 22 (25.0) 16.0-34.0
Moderately persistent 24 (27.3) 18.0-36.6
Severely persistent 4 (4.5) 0.2-8.9
Levels of asthma control*™*

Controlled 43 (48.9) 43.75-54.04
Partly controlled 31 (35.2) 30.28-40.11
Uncontrolled 14 (15.9) 12.13-19.66

*Values expressed as n (%)
® Classification of Global Initiative for Asthma

€95 % CI confidence interval
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Fig. 1 a Describes the a I step1 Step 2
respiratory medications used by 35
88 patients in the first and
second steps. BD alone (32 30
agonist (oral, aerosol, short- and
long-acting), theophylline and o 25
anticholinergics; /C inhaled €
corticosteroids; (32 long long- g 20
acting bronchodilator; 32 short &
short-acting bronchodilator; /C 15+
+ (32 long inhaled corticoste- =
roids and long-acting broncho- 10 -
dilator used in the same device;
IC+ (32 short inhaled cortico- 57
steroids and short-acting bron-
chodilator (rescue medication) 0 - ] e
in separate devices; OC oral BDAlone IC+B2 IC+B2 OC+B2 IC+OC+ IC IC + B2
corticosteroids. Values Long Short Short B2 Long Long
expressed as n (%). b Describes
and compares the number of b I B0 CORT
respiratory medications used 50 =
per patient, by category of 45 -
medication, in the first step of 40 - P
the 88 study patients. BD bron- ® 35 p— ?i,:;}
chodilators, CORT corticoste- T 30 *P=0 ;;f_;:_]
roids, 7otal BD sum of all 2 | f‘{i’;
bronchodilators. Total CORT & {0
sum of all corticosteroids, No <01 = ‘E&
med no respiratory medication. ® 15 mt
Values expressed as n (%). *p< 10 \"j}‘]
0.0001, comparison of the mean 5 R
BD versus CORT, per patient, [ - s— — = ?Ej
Student’s ¢ test. ¢ Describes and 1 2 3 4 5 AIBD ANCort 1 ¢ medl:cc;li on
compares the respiratory medi-
cations used per patient in the Number of BD Number of CORT
second step, by category. No
med no respiratory medication, c 60
IC inhaled corticosteroids, (32
long long-acting bronchodila- 50 *
tor, /C+ 32 long inhaled corti-
costeroids and long-acting 2 40/ * p<0,001
bronchodilator used in the same S Ao
device. Values expressed as n £ 3 % ;% - {
(%). *p<0.0001, comparison of a g-‘@‘;_"
the mean BD versus CORT, per & gl L"!:#'..
patient, Student’s ¢ test s g,ﬂ-?
<2 e
10 B
3
3 Arg
0 2SSy T
1 1 IC + B2 Long IC No
Number Number medication
of BD of CORT

five bronchodilators, three (3.4 %) used two bronchodi-
lators, one (1.1 %) used three bronchodilators, and one
(1.1 %) used four bronchodilators. As for corticoste-
roids, 16 patients (18.1 %) used one corticosteroid
(IC), and one patient (1.13 %) used 2 corticosteroids
(IC+0C). The mean use of bronchodilators and cortico-
steroids per patient was 0.76+1.07 and 0.19+£0.47, re-
spectively, with a significant increase in bronchodilators
(»<0.0001).
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Figure lc shows the respiratory medications used per
patient in the second step, by category, demonstrating that
36 patients (40.9 %) did not use any respiratory medication,
28 (31.8 %) used one bronchodilator (long-acting 32 ago-
nist) and 52 (59.1 %) used one corticosteroid (IC), and of
these, 24 patients (27.2 %) used IC alone, and 28 patients
(31.8 %) used IC+long-acting (32 agonist in the same de-
vice. Short-acting 32 agonists (rescue medication) for relief
of symptoms were not being used by any patient during the
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last 15 days. The mean use of bronchodilators and cortico-
steroids per patient were 0.28+0.45 and 0.59+0.49, respec-
tively, with a significant increase in corticosteroids (p<
0.0001).

Table 3 shows comparisons of the means of the respira-
tory medications used between steps in the sample total of
88 patients (by category) and in the restricted sample of
patients who had used any respiratory medication during the
first and second steps, 47 (53.4 %) and 52 (59.09 %)
patients, respectively. In the sample total, the mean between
all bronchodilators (0.76+1.07 vs. 0.28+0.45) and all cor-
ticosteroids (0.19+£0.47 vs. 0.59+0.49) per patient showed
significant differences between both categories of medica-
tions, with a reduction in bronchodilators and an increase in
corticosteroids in the second step (p<0.0001). The restricted
sample showed a significant reduction in bronchodilators
(1.43+£1.09 vs. 0.524+0.50) and a significant increase in
corticosteroids (0.38+0.61 vs. 1.00+£0.00) in the second
step (p<0.0001). We also observed a significant increase
in the use of IC alone (0.06+0.24 vs. 0.46+0.50) and of IC+
long-acting 32 in the same device (0.23+£0.42 vs. 0.54+
0.50), (p=<0.0001).

Figure 2 shows that the mean time (days) required for
asthma control between steps was 28.98+33.40 days (95 %
CI, 21.90-36.06; range, 0—120 days) in our study sample. For
intermittent asthma, the patients had their asthma controlled
and were released for bariatric surgery on the same day of the
initial evaluation. For mildly persistent asthma, the mean time
was 36.14+£24.78 days (95 % CI, 25.15-47.12; range, 0—
90 days), for moderately persistent 58.13+24.75 days (95 %
ClI, 47.67-68.58; range, 30—-120 days), and for severely per-
sistent 90+24.49 days (95 % CI, 51.02—128.98; range, 60—
120 days), with significant differences in the comparison of
intermittent group versus persistent (mild, moderate, and se-
vere; p<0.0001), mildly persistent versus moderately and

Table 3 Comparison of mean respiratory medications between steps,
per patient, sample total, and restricted sample

Variables 1* step 2% Step p value
Sample total n=88 n=88

Bronchodilator 0.76+1.07 0.28+0.45 <0.0001
Corticosteroids 0.19+0.47 0.59+0.49 <0.0001
Restricted sample n=47 n=52

Bronchodilator 1.43+1.09 0.52+0.50 <0.0001
Corticosteroids 0.38+0.61 1.00+0.00 <0.0001
IC 0.06+£0.24 0.46+0.50 <0.0001
IC+pB2 long 0.23+£0.42 0.54+0.50 <0.0001

Sample total: all 88 patients in the study; restricted sample: only those
patients that used any respiratory medication in the first (n=47) and
second (n=52) steps. Values expressed as mean+SD, Student’s 7 test

IC inhaled corticosteroids, 32 long long-acting bronchodilator, /C+ 32
long used the same device

surgical release
B @ ® 9 M
8§ & 8 8 B

[
(=]

Mean time (days) for asthma control and

Intermittent Mild Moderate
* ASTHMA SEVERITY

Severe

Fig. 2 Mean time (days) for asthma control and release for bariatric
surgery, between steps, according to asthma severity. Values expressed
as mean+SD and 95 % CI. Superscripted a Classification of Global
Initiative for Asthma. Test ANOVA one-way. Significant differences
between intermittent and persistent groups (mild, moderate, and se-
vere; p<0.0001), mildly persistent versus moderately and severely
persistent (p<0.001 and p<0.0001, respectively), and moderately per-
sistent versus severely persistent (p<0.01)

severely persistent (p<0.001 and p<0.0001, respectively)
and moderately versus severely persistent (p<0.01).

Discussion

Our results showed that the majority of obese individuals
with asthma in prebariatric surgery have uncontrolled asth-
ma, requiring better therapeutic control to safely perform
their surgery and that the severity of their asthma influences
the time required to achieve this control.

Previous studies have evaluated the severity, pulmonary
function, and respiratory medication use before and after
bariatric surgery in obese patients with asthma, showing
improvement in these parameters after surgery [12, 13,
17-19]. However, our study is the first to prioritize the
evaluation of obese asthmatics in two preoperative steps,
defining the asthma’s severity, level of control and respira-
tory medication needed, based on guidelines and preopera-
tively determining the time required for asthma control.

Physicians specialized in respiratory diseases agree that
the classification of asthma severity has as main function to
guide the appropriate dose of medications for the patient to
achieve and maintain asthma control in the shortest possible
time [9, 20].

In the population of obese asthmatics, the use of clinical
and functional parameters to determine severity and level of
asthma control has been scarce [12, 13, 19].

A previous study evaluating 67 obese asthmatics in pre-
bariatric surgery demonstrated degrees of asthma severity
similar to our present study [5]. Similarly, other studies
involving the general population have estimated severely
persistent asthma at 5-10 %, moderately persistent asthma
at 25-30 %, and mildly persistent or intermittent asthma at
60 % [20].

@ Springer
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Reddy et al. [19], in a retrospective study, showed reduc-
tion in severity and respiratory medications after bariatric
surgery in obese patients with asthma; however, the classi-
fication of asthma severity was defined solely by the use of
medications preoperatively and postoperatively.

In the first step of our study, although most patients had
persistent asthma (56.8 %) that is not controlled, 51.1 %
primarily used bronchodilators in contrast to a reduced use
of IC, including 30 patients (34.0 % ) that used bronchodila-
tors alone as the standard asthma treatment, which character-
izes a therapeutic error [9, 20]. Currently, bronchodilators are
used to control asthma symptoms during periods of exacer-
bations and for assisting IC in the control when these are
insufficient [9].

Although in recent decades asthma has been character-
ized as a chronic inflammatory disease, and the anti-
inflammatory treatment prioritized with inhalatory cortico-
therapy for control and prevention of exacerbations [9, 20],
there persists even today among lay people and some doc-
tors, who are not specialized in respiratory diseases, the old
misconception of bronchospasm as the main asthma patho-
physiological alteration and the exclusive use of bronchodi-
lators as the main therapeutic approach. This mistaken
therapeutic procedure, observed in our patients prior to the
first consultation, explains the lack of asthma control in
most obese individuals with asthma in the first step, since,
after adequate therapeutic orientation in reference to asthma
severity and use of IC as a standard medication for this
treatment, asthma control was achieved in all patients, thus
reducing the use of bronchodilators and even eliminating the
use of OC in three patients.

The time required for asthma control was relatively short,
even in moderately and severely persistent asthma. Assess-
ments and guidance conducted preoperatively by a specialist
in respiratory diseases—valuing and explaining the proper
technique of using inhalers, treating comorbidities such as
smoking, gastroesophageal reflux, and rhinosinusitis, removing
anti-inflammatory and antihypertensive drugs triggering bron-
chospasm, and avoiding exposure to environmental pollutants
—contribute to asthma control. Furthermore, we observed a
good treatment adherence in this population of asthmatics,
which may be explained by the previous psychological and
organic distress caused by their obesity, associated with the
failure of prior clinical treatments and the need to achieve
asthma control for the surgical treatment of their obesity.

Some obstacles in our study should be cited. Limitation of
regular physical activity is a variable that influences the clas-
sification of severity and level of asthma control. Morbidly
obese patients, even in the absence of pulmonary pathologies,
may have limited physical activity, explained by the excess
weight. To avoid errors in diagnosis, we consider the worsen-
ing of physical activity when associated with other respiratory
symptoms (wheezing and chronic cough) in recent weeks. We
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restrict our research to preoperative evaluation to obtain con-
trol and stabilization of the asthma, not going into the merits of
a discussion about the respiratory orientation and hospital
monitoring of our patients, making it necessary that future
research be designed for this purpose.

Our study draws attention to an issue not previously
discussed in the literature, showing that obese asthmatics,
when properly instructed by a medical specialist in respira-
tory diseases who uses respiratory medications based on
guidelines and who considers the clinical and functional
parameters, do not have difficulty in quickly gaining control
of their asthma.

In conclusion, in prebariatric surgery, we observed a
higher proportion of intermittent and uncontrolled asthma,
with the asthma severity influencing the achievement of
asthma control and the time required to release the patient
for surgery.
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