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ABSTRACT

This work aims to compare spirometry data before and after bariatric surgery, as well as the frequency of lung disorders.
An observational, retrospective and analytical cohort study was performed, through the selection of patients with a
diagnosis of obesity and indication of bariatric surgery. The sample size consisted of 28 obese patients, of 23 were women
and five were men, to analyze the variables through spirometry, following the ATS protocols, using the best breath of three
and selecting the best results curves. After surgery, there was a significant improvement in lung volumes and capacity:
Forced vital capacity (FVC), FVC / Forced Expiratory Volume in one second ratio (FVC / FEV1) and Expiratory Flow Peak
(EFP) and the Forced Expiratory Volume in one second FEV1, these variables increased significantly. There was also a
strong and significant correlation between weight loss and increased FVC / FEV1, and EFP. The Relative Risk for lung
disorders was 2.8-fold more likely to develop pulmonary dysfunction in obese than non-obese (post-surgical) patients.

Gastroplasty improved lung physiology as well as reduced the frequency of disorders.
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INTRODUCTION

Obesity is  characterized by  excessive
accumulation of body fat in the human body;
anatomically, can be classified as hyperplastic and
hypertrophic. Hyperplastic obesity is when a person
has an abnormally increased number of fat cells. A
normal person has about 30 billion adipose cells,
while an obese person with hyperplasia may have 42
to 106 billion of these cells. Hypertrophic obesity, in
turn, is related to the increase in the size of existing
cells, a situation triggered by high caloric intake and
sedentary lifestyle®.

Studies have shown that metabolic changes
(dyslipidemia, diabetes mellitus), lung disorders,
changes in lung volumes and capacity, obstructive
sleep apnea, renal, biliary diseases and certain types
of neoplasms, as well as cardiovascular diseases,
systemic arterial hypertension and neurological
diseases are associated with obesity™?.

The clinical treatment of obesity with the use of
diet, physical activity and psychotherapy is not
always enough to determine the necessary weight
loss, especially in severe obese patients. As a
treatment strategy, bariatric surgery has become a

practicable option for determining great weight loss
and body fat, with a significant reduction in obesity-
related comorbidities mentioned earlier®,

In Brazil, there are few articles published in recent
years evaluating the relationship between obesity and
pulmonary functions in patients undergoing bariatric
surgery and the risk of obesity associated with
pulmonary disorders in patients undergoing
spirometry examination, which determined the
question that guides the present research: To what
extent does severe obesity influence mechanics and,
consequently, pulmonary function as well as
disorders associated with the respiratory system?

The measurement of pulmonary function can be
evaluated through spirometry, since it is the
examination with greater precision and specificity
that detects, in addition to lung volumes and capacity,
also the speed with which the air is inspired or
expired. In this way, the exam can evaluate the
predicted value for each person, as well as monitor
the evolution of these parameters after interventions.
The interpretation of pulmonary volumes can assess
pulmonary physiology, identifying changes in
different phases of ventilation and also of forced
pulmonary volumes®.
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This study addresses the relationship between
obesity and respiratory system function through
spirometry, the results of which may indicate
dysfunction or pulmonary disturbance. This fact is of
great significance, since it alerts the population to the
unconventional effects of obesity, in addition to
pointing out the already well-known risks for
cardiovascular diseases (acute myocardial infarction,
stroke, hepatic steatosis, among others).

The aim of the study is to compare spirometry
data and the frequency of pulmonary disorders before
and after bariatric surgery.

METHODOLOGY

A retrospective and analytical cohort study was
performed. The patients had a diagnosis of obesity
and indication of bariatric surgery, inserted in the
Bariatric Surgery Program of the University Hospital
Professor Alberto Antunes (HUPAA), of the Federal
University of Alagoas, located in Macei6 — AL.

Twenty-eight obese patients who had undergone
bariatric surgery according to the technique of Fobi
and Capella® were evaluated from January 2009 to
December 2012, who had, in the preoperative
evaluation protocol, recommendations to perform
spirometry before and after surgery. Thus, the data of
the sample were justified by the convenience, having
been collected and stored in a database, in the period
mentioned above, in the pulmonology center, from
the medical records, followed by the sector’s routine
for the evaluation of the pulmonary function.

Obesity was identified by the Body Mass Index
(BMI), using the World Health Organization (WHO)
criteria, also adopted in Brazil: Low Weight
(BMI<18.5 kg/m2), Normal Weight (BMI between
25 and 29.9 kg/m2), Grade | Obesity (BMI between
30 and 34.9 kg/m2), Grade Il Obesity (BMI between
35 and 39.9 kg/m2), Grade Il Obesity (BMI>40
kg/m2). Severe obese patients were considered as
superobesus (BMI=50 Kg/m2) and supersuperobesus
with BMI>60 Kg/m2. The anthropometric measures
of weight and height to determine BMI were
performed on a mechanical scale (anthropometric)
with a maximum capacity of 300 kg in the model
104A (Adult), precision of 100 grams, platform 30 x
40 cm, Michelitti®, which has metric tape attached
(stadiometer) for height measurement. To measure
this, the patients were barefoot with their feet together
and their backs bindedto the stadiometer, the tape
measure being positioned above their head®.

For the spirometric variables FEV 1, FVC/FEV 1,
PEF, FVC, the criteria adopted by the American
Thoracic  Society®” were used. The normal
pulmonary volumes, used as reference, were based
on the validation of the new predicted values for each
Brazilian person®®.

Spirometrywas  performed by HUPAA’s
Pulmonology-Spirometry service, which works with
the pulmonologists on duty at the hospital; Spirolab®
111 S/N 300243 instrument was used. The spirometry
data and charts were based on the person’s best
values or the best composite curve, as well as on the
choice of the best three-stroke to select the index. The
flow/volume and volume/time curves for Forced
Vital Capacity (FVC) in liters, Forced Expiratory
Volume in 1 second in liters (FEV1), the FEVL/FVC
ratio (%), peak expiratory flow in liter (PFE)®.

According to the time patients underwent
spirometry after surgery, three groups were
categorized as follows: the first group consisted of 14
patients who underwent spirometry before and “up to
one year after surgery”, on an average post-operative
time of 6.1 months; the second consisted of 14
patients, who underwent spirometry before and*“more
than one year after surgery” and in average time of
1.8 years; In this way, we could analyze the effects of
surgery on obese patients in the short and
medium/long term; the third group, called the
“general”, consisted of all 28 patients included in the
two previous groups, in order to test the effect of
surgery independent of the postoperative period; the
average follow-up time in the postoperative period
was 1.3 years.

Regarding the normality assumption, the data
were analyzed by the Shapiro Wilks test to verify the
normal distribution of the variables data; those who
had a normal distribution were submitted to the
paired Student’s test (p<0.05), to compare the means
of the pre x postoperative groups, and a linear
regression analysis was performed to illustrate the
correlation strength according to with the ratio (r) and
the coefficient of determination by (r?); the F test was
used to determine the level of significance of the
regression (p<0.05).The variables FEV1 and FVC
did not present normality regarding the distribution of
the data.

For the non-parametric data, the Wilcoxon Signed
Rank Test (p<0.05) was used to compare the paired
means and Spearman's Rho correlation (r), which
determines the correlation between weight loss and
variations in lung volumes. Only statistically
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significant data were transformed into figures.

To evaluate the Relative Risk, the group of
exposed (obese before surgery) versus non-exposed
(non-obese after surgery) and pulmonary disorders
were tested through spirometry. A Confidence
Interval (CI) of 95% was adopted.

The pairing (paired samples) of the groups under
test, for the mean of the variables, was given to the
categorized group, in the case: “before” and “after”
surgery, in which the variable response consisted of
the data values of the spirometry. There were no
losses in follow-ups or outliers.

For the coefficient of determination of R2, the
following values were observed: R2 = 0 no
correlation, <0.4 weak correlation, <0.7 moderate
correlation, from 0.7 to <1.0 strong correlation and
equal to one (1) perfect correlation. These values
were applied in Spearman's Pearson and Rho
correlation. All statistical analyzes were performed
using the SPSS Statistics for Windows program,
version 22.0°.

The research project was approved by the
Research Ethics Committee of the Federal University

of Alagoas, under the opinion number
(09986212.1.0000.2013. All participants signed the
informed consent form (TCLE).

RESULTS

The study participants were composed of five
men and 23 women, aged between 29 and 55 years
(mean age 42.2 years and median age 41.5 years).
The BMI, before surgery, varied between 40.8 and
58.4 kg/m2, Mean of 47.5 kg/m2 and Mean of 47
kg/m2.

All patients who underwent surgery and were
followed up during the postoperative period
improved the degree of obesity by 100%, progressing
to the normal or overweight range.

Table 1 shows the comparison of the mean
volume and lung capacity between the preoperative
and postoperative groups, which were divided into
three subgroups, categorized according to each
evaluated variable. It was still possible to observe
how much, in percentage, the patients improved the
pulmonary function, by spirometry, after the surgery.

Table 1. Descriptive Statistics Summary of the spirometric variables of 28 individuals (mean, standard deviation
and difference between means in percentage -%) - obtained in the pre and postoperative period of bariatric
surgery. HUPAA’sPulmonology Center from 2009 to 2012

GENERAL <1YEAR >1YEAR
Variables Pre Post Difference Pre Post Difference Pre Post Difference
(%0) (%) (%0)
FvC 259 263+ 15% 253 255+ 08% 266 272+ 23%
+46 4.8* +34 3.2 +05 0.6**
FVC/FEV1 80+ 84+ 5.0 80+ 84+ 5.0 83+ 865+ 45
4.3 4.4%* 4.4 4.3** 4.2 5.3**
PEF 45+ 49+ 9.0 451 49+ 8.6 45+ 5+ 11.0
1.1 1.2 +0.8 0.8** 1.6 1.5%*
1**
FEV1 227+ 229+ 0.8 219 22+ 09 22+ 24+ 7.1
0.45 047 +0.4 0.39 0.49 0.5*

General group = 28 patients who underwent spirometry, regardless of the time of post; Subgroup up to 1 year = 14 patients
who underwent spirometry up to 1 year of post; Subgroup older than 1 year = 14 patients who underwent spirometry after 1

year of surgery.
* Indicatespsignificance < 0.01;
** Indicatespsignificance <0.05.

All four variables evaluated - FVC, FVC/FEV],
PEF and FEV1 - achieved an increase in lung
volumes after gastroplasty. For the FCV variable
data, there was a significant difference in the general
group (p=0.027) and in the FVVC subgroup greater

than one year (p=0.014). For the variable FVC/FEV1,
a significant difference was observed in all groups -
general FVC, up to 1 year and greater than 1 year in
the post-time period, which improved with p =
0.00043, 0.003, 0.007, respectively. The PEF also
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improved after surgery in all three groups, with a
level of significance p = 0.0001, 0.014, 0.009,
respectively. For FEV1, only the “more than one
year” postoperative subgroup had significant
alterations (p = 0.05).

A correlation was made between weight loss and
spirometric data variation, both in percentage. In
Figure 1, it was verified that the two variables
FVC/FEV1 and PEF pointed to a positive r2, which
indicates that, as there is weight loss, there is variation

in the pulmonary volume gain. The coefficient of
determination of weight loss, by BMI versus
FVC/FEV1, indicated that 70% of the variation in
weight loss correlated with the gain in lung volumes
and, for PEF, indicated a correlation of 68%.

Table 2 summarizes the values found in the
regression line “r*” and the correlation force “r”, as
well as the adjustment of the regression model.
Regarding BMI and FVC, FVC/FEV1 and PEF, all
presented a strong correlation, statistically significant.

Table 2. Correlation and Regression between weight loss after BMI surgery (%) x Difference between the mean

of the spirometric variable pre x postoperative (%).

Dados R2 R Modelo

BMI x FVC r=0,77 ** (spearman)

BMI x FEV1 r = 0,235 (spearman)

BMI x FVC/FEV1 R2 linear = 0,68 r =0,832** Y =-13,78+0,39*x
BMI x PEF R2 linear = 0,67 r=0,822** Y =-28,26+0,82*x

R2 = Determination coefficient; r = Correlation coefficient; Y = regression model; * indicates p significance = 0.01; **
indicates p significance = 0.05; Absence * indicates that there was no significant difference between the groups.
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Figure 1 — Simple linear regression curve between percent change of FVC/FEV1 and weight loss by BMI.

In relation to pulmonary disorders diagnosed
by spirometry, 14 pulmonary disorders were
present in 28 patients before surgery; of these,
only one patient had previous lung disease and
eight were smokers. After surgery, only four

disorders of the preexisting 14 remained,
indicating a reduction of 71.4%. Of the 14
preexisting disorders presented, 12 were of the
restrictive type, one obstructive and one mixed
(obstructive + restrictive). Table 3 shows the
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calculated Relative Risk data, as well as ClI, in
which patients who had previous lung disorders
or were smokers were excluded; it was observed
that the 2.8-fold higher risk was for the obese to

develop some type of pulmonary disorder, be it
restrictive, obstructive or mixed, and CI showed
that the result was statistically significant.
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Figure 2. Simple linear regression curve between percent change in PEF and weight loss.

Figures 1 and 2 illustrate the scatter chart
associated with the simple linear regression line,
where the Y axis demonstrates the dependent variable
(percentage concerning PEF change after surgery)
and the X axis is the independent variable (percentage

of loss of weight after surgery). In both figures, it was
observed that, as weight loss occurred, there was an
increase in lung volume for PEF and the ratio
between FVC/FEV 1, both statistically significant.

Table 3. Distribution of the number of patients according to obesity and the presence or absence of pulmonary

disorders, Relative Risk and Confidence Interval (95%).

Obesity Pulmonary Disorder
Yes No Total

Yes 8 11 19
No 4 23 27
Total 12 34 46
RR 2,8

Cl 1,12-13,4

DISCUSSION one year after surgery, showed a significant

Three different studies evaluating pulmonary
function through spirometry, with follow-up up to

improvement in FVC, FEV1 and FVC/FEV1, as was
observed in this study. Rapid weight loss beneficially
alters pulmonary mechanics, allowing better
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gradilcostal expansion and better diaphragmatic
activity and intercostal muscles. Such changes
improve the ability of the respiratory system to
perform gas exchange, which depends on factors
such as the diaphragm and thoracic muscles, which
should be able to expand the chest and lungs to
produce subatmosphericpressure®®*,

One study investigated the frequency of
pulmonary dysfunctions in 30 patients, observing that
eight had pulmonary dysfunction before surgery, four
of which were restrictive and four were obstructive;
after surgery, there was improvement in 100% of the
patients™. During the present study, there was also
improvement in lung disorders, with a reduction in
their frequency after surgery. As such disorders are
dependent on lung volumes and capacity, when there
is improvement in lung volumes and capacity, they
are corrected accordingly.

The results above demonstrate that obesity
negatively interferes with lung function (quantified
by spirometry) and that weight loss determined by
bariatric surgery, evaluated at present and in other
studies, about one year after surgery, results in
significant improvement in values, demonstrating a
rapid adaptation of the organism to weight loss"**%

In a study that tracked 15 women undergoing
gastroplasty and who underwent spirometry one
month before surgery and two years later, a
significant increase in FEV1 and FVC (p< 0.01) was
observed®™. There, an increase in FVC was identified
for the general group, and for the group that
underwent spirometry with more than one year
postoperatively, as well as FEV1, both significantly.

In a long-term study, with a five-year follow-up
after surgery, in which the authors separated the
groups composed of 80 women and 21 men, it was
observed that the lung volumes evaluated, the same
as in the present study, were FEV1 and FVC. For the
group of women, in this study, FEV1 increased
significantly, 4.1% (p< 0.001) and 6.7% in men
(p=0.003). The FVC variable also showed a
significant increase in both groups, for women 5.8%
(p<0.001) and 7.6% for men (p< 0.001).These same
variables obtained a significant increase in this study
for the group that underwent spirometry after one
year of surgery™. This was the study with the longest
recorded follow-up; it identified a persistence of the
improvements found after surgery in some of the
variables tested, which means that these groups of
patients adapt well to the anatomical-functional
change determined by weight loss, maintaining it for

a long period.

In some of these studies, the frequency of
pulmonary dysfunctions diaghosed by spirometrywas
also evaluated and a reduction in the frequency of
dysfunctions after surgery was observed, an expected
result, since the improvement in pulmonary volumes
tends to correct the dysfunction itself. Increased body
mass results in increased oxygen consumption and
carbon dioxide production, leading to respiratory
complications that are twice as frequent in obese as
non-obese. This fact implies the presence of lung
disorders prior to surgery and the reduction of their
frequency after weight loss. These results corroborate
the findings of this study, that there is a 2.8-fold
increased risk for obese patients presenting with
pulmonary disorders in relation to non-obese
patients®+*617),

In a study of 55 obese patients, subdivided into
two groups, according to BMI, it was observed that in
both groups, the proportion with significant restrictive
pulmonary dysfunctions was similar. These results
are equivalent to that of the present study, indicating
that obese patients commonly develop a larger
quantity of obstructive-type disorders and a smaller
amount of restrictive type.

The alteration in ventilatory kinetics seems to
have also had an effect on expiratory force, since the
present study and the others cited demonstrate
changes in expiratory lung volume in obese patients.
The expiratory force depends on the abdominal
muscles and the internal intercostals and the excess
weight can also alter the mechanics of the abdominal
and intercostal muscles, so some patients can suffer
reduction in the lung volume, both inspiratory and
expiratory®9,

Pulmonary function undergoes major changes in
obese persons, which are proportional to the degree
of obesity presented. In our study, a direct correlation
was made between weight loss, given by BMI in
percentage - % - and gain in lung volume, also in
percentage - % - pointing to a significant
improvement in three of the four variables evaluated.
Pulmonary volumes and capacity, in most of these
patients, demonstrate a restrictive and/or obstructive
respiratory pattern in airflow®. Morbid obesity and
fat accumulation contribute to the hypoventilation
syndrome, resulting in altered lung volumes and
increased airflow resistance and respiratory work, that
is, the greater the degree of obesity, the greater the
impairment®®.

A correlation between weight loss and lung
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volume gain was observed in a study of 20 patients
who had a moderate and significant correlation force
in PEF (r=0.55 and p<0.01)(20), as well as in our
study with PEF, a strong and significant correlation
was also found, but no significant correlation was
found with FVC/FEV1 and FVC; unlike our study,
those results may have occurred due to the relatively
low number of patients in whom the statistical
analyzes become quite rigorous, or are simply
performed at random@.

In Brazil, few studies have been conducted to
evaluate the risk of obesity regarding changes in
pulmonary function assessed by spirometry. Thus,
the analysis of the PEF variable was not tested in
studies, comparing the mean of groups after weight

is able to predict the rate at which the individual can
expel the air, resembling FEV1, and through it, the
“burst” force of the expiratory muscles can be
measured, which indicates obstruction of airflow™.

CONCLUSION

Weight loss, determined by bariatric surgery,
resulted in improved pulmonary function assessed by
spirometry, as well as reduced frequency of
pulmonary disorders. Severe obese patients are about
six times more likely to develop pulmonary
dysfunction than non-obese patients. The results
found in the present study demonstrated that, as there
is weight loss, there is also a gain in lung volume.

loss by surgery; this is important because this variable

EFEITO DA OBESIDADE NA FISIOLOGIA E DISTURBIO PULMONAR ANTES E APOS A
CIRURGIA BARIATRICA

RESUMO

O estudo teve por objetivo comparar os dados da espirometria e da frequéncia de disturbios pulmonares antes e apés a
cirurgia bariétrica. Realizou-se estudo observacional de coorte, retrospectivo e analitico, de uma amostra de pacientes com
diagnéstico de obesidade e indicagdo de gastroplastia. Os dados da amostra constituiram-se de 28 obesos, dos quais 23
eram mulheres e cinco eram homens,para a andlise das varidveis através da espirometria, em que foram seguidos o0s
protocolos da ATS, utilizando-se o melhor sopro de trés e as melhores curvas dos resultados. ApGs a cirurgia,observou-se
uma melhora significativa na Capacidade Vital Forcada (CVF), na Capacidade Vital For¢cada/Volume Expiratério no 1°
segundo (CVF/VEF1), no Pico de Fluxo Expiratorio (PFE) e no Volume Expiratorio Forgado no 1° segundo (VEF1).Também
se observou uma forte correlagdo entre a perda de peso e as CVF/VEF1 e PFE. Verificou-se um Risco Relativo de 2,8 vezes
maior de desenvolvimento de distirbios pulmonares em obesos do que em ndo obesos (pacientes pods-cirdrgicos). Concluiu-
se que a gastroplastia melhorou a funcdo pulmonar, bem como reduziu a frequéncia dos distirbios respiratorios ap6s a
cirurgia.

Palavras-chave: Obesidade. Perda de peso. Cirurgia bariétrica. Espirometria. Pneumopatias.

EFECTO DE LA OBESIDAD EN LA FISIOLOGIA Y DISTURBIO PULMONAR ANTES Y
DESPUES DE LA CIRUGIA BARIATRICA

RESUMEN

El estudio tuvo el objetivo de comparar los datos de la espirometria y de la frecuencia de disturbios pulmonares antes y
después de la cirugia bariatrica. Se realiz6 estudio observacional de cohorte, retrospectivo y analitico, de una muestra de
pacientes con diagndéstico de obesidad e indicacion de gastroplastia. Los datos de la muestra se constituyeron de 28 obesos,
de los cuales 23 eran mujeres y cinco eran hombres, para el analisis de las variables a través de la espirometria, en que
fueron seguidos los protocolos de la ATS, utilizandose el mejor soplo de tres y las mejores curvas de los resultados. Tras la
cirugia, se observo una mejora significativa en la Capacidad Vital Forzada (CVF), en la Capacidad Vital Forzada/\Volumen
Espiratorio en el 1° segundo (CVF/VEF1), en el Pico de Flujo Espiratorio (PFE) y en el Volumen Espiratorio Forzado en el 1°
segundo (VEF1). También se observo una fuerte correlacion entre la pérdida de peso y los CVF/VEF1 y PFE. Se verificd un
Riesgo Relativo de 2,8 veces mayor de desarrollo de disturbios pulmonares en obesos que en no obesos (pacientes
posquirlirgicos). Se concluye que la gastroplastia mejord la funcién pulmonar, asi como redujo la frecuencia de los disturbios
respiratorios tras la cirugia.

Palabras clave: Obesidad. Pérdida de peso. Cirugia bariétrica. Espirometria. Pneumopatias.
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