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Pre- and postoperative respiratory muscle strength, body 
mass index and fasting glucose profile of patients with type 
2 diabetes mellitus submitted to metabolic surgery

Perfil de pacientes com diabetes mellitus tipo 2 quanto a força 
muscular respiratória, o índice de massa corpórea e a glicemia em 
jejum avaliados no pré e no pós-operatório de cirurgia metabólica
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Abstract

Introduction: The lung is considered a target organ in diabetes mellitus as a consequence of alterations second-
ary to chronic hyperglycemia that compromise respiratory muscle strength. Metabolic surgery for improving dia-
betes mellitus has beneficial effects on weight loss and glucose metabolism. Objective: The objective of this study 
was to evaluate the respiratory muscle strength, assessed by MIP and MEP, body mass index (BMI) and fasting 
glucose profile of patients with type 2 diabetes mellitus before and after metabolic surgery without gastric resec-
tion. Method: Seventeen patients with type 2 diabetes mellitus participated in the study. The participants had a 
mean age of 44.8 ± 11.81 years. Results: The results showed a significant decrease of MEP values ​​in the immedi-
ate postoperative period when compared to the preoperative period (p=0.001), while no significant results were 
obtained for MIP. Regarding BMI and fasting glucose, significant weight loss and a significant reduction in fasting 
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glucose levels were observed in the late postoperative period (p=0.006 and p=0.007, respectively). Conclusion: 
The MIP and MEP were reestablished and satisfactory results were obtained for BMI and fasting glucose in the 
late postoperative period. Further studies are needed to monitor patients in the pre- and postoperative period of 
metabolic surgery, identifying complications and acting on the care and recovery of these patients.
 
Keywords: Diabetes Mellitus. Surgery. Respiratory Muscle Strength. Body Mass Index. Blood Glucose.

Resumo

Introdução: O pulmão é considerado um dos órgãos-alvo do diabetes mellitus, como consequência das alterações se-
cundárias à hiperglicemia crônica, comprometendo a força muscular respiratória. A cirurgia metabólica para a me-
lhora do diabetes mellitus exerce efeitos benéficos na perda de peso e no metabolismo da glicose. Objetivo: O objetivo 
deste estudo foi avaliar o perfil da força muscular respiratória, avaliada por PImáx e PEmáx, o índice de massa corporal 
(IMC) e a glicemia em jejum de pacientes com diabetes mellitus tipo 2 antes e após a cirurgia metabólica sem ressecção 
gástrica. Método: Dezessete pacientes com diabetes mellitus tipo 2 participaram do estudo. Os participantes tinham 
idade média de 44,8±11,81 anos. Resultados: Os resultados mostraram uma diminuição significativa dos valores da 
PEmáx no pós-operatório imediato, quando comparado ao pré-operatório (p = 0,001), enquanto não foram obtidos re-
sultados significativos para a PImáx. Em relação ao IMC e à glicemia em jejum, observou-se perda significativa de peso 
e redução significativa dos níveis de glicemia de jejum no pós-operatório tardio (p = 0,006; p= 0,007, respectivamente). 
Conclusão: A PImáx e a PEmáx foram restabelecidas e resultados satisfatórios foram obtidos para IMC e glicemia de 
jejum no pós-operatório tardio. Mais estudos são necessários para monitorar pacientes no pré e pós-operatório de 
cirurgia metabólica, identificando complicações e atuando no cuidado e recuperação desses pacientes.

Palavras-chave: Diabetes Mellitus. Cirurgia. Força Muscular Respiratória. Índice de Massa Corporal. 
Glicemia em Jejum.
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Diabetes mellitus is a syndrome of multiple etiology 
caused by the lack of insulin and/or the inability of insu-
lin to adequately exert its effects, resulting in insulin re-
sistance. The condition is characterized by the presence 
of chronic hyperglycemia, frequently accompanied by 
dyslipidemia, arterial hypertension and endothelial dys-
function. Diabetes is associated with increased mortality 
and a high risk of developing micro- and macrovascular 
complications, as well as neuropathies. The disease can 
result in blindness, renal failure and limb amputation, 
and is responsible for excessive healthcare expenditure 
and a substantial reduction in work capacity and life 
expectancy [1].

The lung has been recognized as a target organ in 
diabetes mellitus as a consequence of alterations second-
ary to chronic hyperglycemia. The pulmonary compli-
cations in diabetes mellitus include a reduction in lung 
volumes, a decline in carbon monoxide diffusing capac-
ity, decreased elastic lung recoil, and reduced inspiratory 
muscle strength [2].

The currently estimated prevalence of diabetes in 
the world population is 387 million and this number is 
expected to reach 471 million in 2035. The number of 
diabetic people is increasing as a result of the growth and 
aging of the population, increased urbanization, progres-
sively increasing prevalence of obesity and sedentary 
behavior, and the greater survival of patients with dia-
betes mellitus [3]. Metabolic surgery for the improve-
ment of diabetes mellitus consists of ileal interposition 
with removal of a segment of the distal ileum and its 
insertion into the proximal small intestine, a procedure 
that promotes early satiety and exerts beneficial effects 
on glucose metabolism and weight loss [4,5]. However, 
respiratory problems are directly associated with a re-
duction of respiratory muscle strength, which occurs 
in the postoperative period of abdominal surgeries [6]. 

The objective of the present study was to evaluate 
the respiratory muscle strength, assessed by maximal 
inspiratory pressure (MIP) and maximal expiratory pres-
sure (MEP), body mass index (BMI) and fasting glucose 
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profile of patients with type 2 diabetes mellitus before 
and after metabolic surgery without gastric resection. 

Method

A prospective study was performed by the Digestive 
Surgery Discipline at Hospital das Clínicas (Universidade 
Federal do Triângulo Mineiro - UFTM, Brazil). The data 
were collected between January 2011 and December 
2013. After receiving detailed information about the 
objectives of the study, the data of each patient were 
recorded on an assessment chart and each patient pro-
vided free written informed consent. Twenty patients 
were initially selected and 17 patients participated 
in all assessments, including 10 (58.8%) women and 
7 (41.2%) men aged between 30 and 65 years (44.8 
± 11.81 years). The study was approved by the Ethics 
Committee of UFTM (Approval No. 1264/2016). 

The criteria for inclusion were patients with type 2 
diabetes mellitus and an indication for metabolic sur-
gery, age older than 21 years, BMI between 23 and 35 kg/
m2, capacity to understand the objective of the study and 
to undergo the pulmonary function tests, and provid-
ing written informed consent. Exclusion criteria were: 
severe heart disease, neurological or cognitive deficit 
impairing the pulmonary function tests, systemic dis-
eases, respiratory infection and/or symptomatic allergic 
sinus disease, chronic obstructive pulmonary disease, 
a previous diagnosis of bronchial asthma, pleuropul-
monary anomalies, chest deformities, a suspicion or 
confirmation of liver cirrhosis, coagulopathy (platelet 
count less than 50,000/µl), dual antiplatelet therapy 
(acetylsalicylic acid and clopidogrel), acute and icteric 
pancreatitis, high surgical risk according to the American 
Society of Anesthesiology (ASA III and IV) (1963), and 
type 2 diabetes mellitus for more than 10 years.

All patients were submitted to duodenal-jejunal ex-
clusion surgery with interposition of the ileal segment 
without gastric resection. The procedure consists of the 
interposition of an ileal segment of approximately 100 
cm, which is transposed and anastomosed to the duo-
denum at 2 cm from the pylorus and to the jejunum at 
70 cm from the angle of Treitz, thus excluding 100 cm 
of the duodenal-jejunal segment. 

MIP, MEP, BMI and fasting glucose were evaluated 24 
hours before the surgical procedure (preoperative) and 
24 hours (immediate postoperative, PO1) and 2 years 
after the surgical procedure (late postoperative, PO2).

Evaluation of Respiratory Muscle Strength

Respiratory muscle strength was evaluated by mea-
suring the MIP and MEP. This approach permits a sim-
ple, rapid and reproducible assessment of respiratory 
muscle strength. 

MIP and MEP were measured with a manovacuom-
eter (Comercial Médica; -300 to 300 cmH2O), with the 
patient sitting comfortably and using a nose clip and 
rigid mouthpiece. For the measurement of MIP, the pa-
tient was instructed to slowly exhale fully to residual vol-
ume so that a maximal inspiratory effort was performed 
with the orifice of the tube occluded. MEP was obtained 
when the patient inspired to her total lung capacity and 
then performed a maximal expiratory effort against the 
orifice of the occluded tube [7].

The MIP and MEP measurements were sustained 
for 2 seconds and performed three times, with a resting 
interval of 2 minutes each. There was an interval of 5 
minutes between the MIP and MEP measurement. Only 
the highest value of the three measurements of MIP and 
MEP was considered for analysis.

In this study, the MIP and MEP values found were 
compared to those predicted with the equations of Neder 
et al. [8] described below: 

MIP
Women: y = 110.4 - 0.49 (age); standard error of the 
estimate = 9.1. 
Men: y = 155.3 - 0.80 (age); standard error of the esti-
mate = 17.3. 
PEMAX 
Women: y = 115.6 - 0.61 (age); standard error of the 
estimate = 11.2. 
Men: y = 165.3 - 0.81 (age); standard error of the esti-
mate = 15.6.

Body Mass Index

Weight was measured with a Filizola digital electron-
ic scale (capacity of 150 kg) to the nearest 50 g, with 
the subject barefoot and wearing minimal clothing. The 
weight of each participant was evaluated at the same 
pre-defined time. Height was measured with a millime-
ter vertical anthropometer (2 m long and scale of 0.5 
cm). The patients were barefoot, standing erect with the 
feet forming an angle of approximately 45o, and looking 
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directly ahead, with the back and posterior part of the 
knees touching the wall. The BMI was calculated by di-
viding the weight in kilograms by the height in meters 
squared (kg/m2), and was classified according to the 
World Health Organization classification [9]: healthy: 
BMI ≥ 18.5 and < 25 kg/m2; overweight: BMI ≥ 25 and 
< 30 kg/m2; obese: BMI ≥ 30 kg/m2.

Fasting Glucose

Blood samples were collected after a minimum fast of 
8 hours. Venous blood samples were obtained by punc-
ture of the basilic or median cubital vein with a dispos-
able hypodermic syringe. About 3 ml of blood was col-
lected into a tube containing sodium fluoride to prevent 
glucose consumption and homogenized. The tube was 
centrifuged for 5 minutes at 2,500 rpm for the separation 
of plasma and the samples were stored at 4oC. Glucose 
was determined in the plasma samples by a colorimetric 
enzymatic method with glucose oxidase (Biosystems, 
Barcelona, Spain) in a BTS 310 analyzer according to 
manufacturer specifications. The biochemistry labora-
tory of UFTM performed the glucose measurements in 
the plasma samples obtained from venous blood. Fasting 
glucose levels ranging from 70 to 110 mg/dl were clas-
sified as normal. 

Statistical Analysis

The Kolmogorov-Smirnov test was used to ver-
ify whether the data were normally distributed. 
Parametric data were compared by the Student 
t-test and nonparametric data by the Wilcoxon 
test. Correlations were tested using Pearson’s and 
Spearman’s correlation coefficients. Differences were 
considered significant when p < 0.05. The Microsoft 
Excel 2010, GraphPad Prism 5.0 and SPSS 16.0 pro-
grams were used for statistical analysis.

Results

In the present study, 17 patients who underwent 
metabolic surgery were evaluated. The anthropometric 
variables and clinical and surgical data are presented in 
Table 1. None of the patients developed complications 
during the postoperative period until hospital discharge.

Table 1 - Anthropometric variables, clinical data referring to the 
first evaluation and surgical data of patients with diabetes mel-
litus undergoing metabolic surgery (n = 17) 

Variable

Gender (n, %)

Female 10 (58.8%)

Male 7 (41.2%)

Anthropometric variables (mean ± SD)

Age (years) 44.8 ± 11.81 

Weight (kg) 81.22 ± 3.23

Height (m) 1.65 ± 0.02

BMI (kg/m²) 29.8 ± 2.45

Clinical data (n, %)

Diabetes mellitus 17 (100%)

SAH 8 (47%)

Smoking 6 (35.2%)

COPD   0

Asthma   0

Sedentary lifestyle 12 (70.5%)

Surgical data

Duration of surgery (min) 140 ± 30

Note: kg: kilogram; m: meter; kg/m²: kilogram per square meter; SAH: 

systemic arterial hypertension; min: minute; COPD: chronic obstructive 

pulmonary disease.

The preoperative MIP was -100 [28–120], with no 
significant difference when compared to the predicted 
value (-87.86 [81.49-130.5]) (p=0.55) or the values ob-
tained at PO1 (-120 [14–120]) and PO2 -120 [32–120]) 
(p=0.398) (Table 2).

Table 2 - Mean, median, minimum, maximum and standard deviation of MIP in the preoperative period, immediate postopera-
tive period (PO1) and late postoperative period (PO2) and predicted value obtained for patients submitted to metabolic surgery

MIP Valid N    Mean    Median      Minimum Maximum
Standard 
deviation

Preoperative 15 -99.26 -100 -28 -120 26.74

PO1 14 -99.57 -120 -14 -120 33.89

PO2 17 -105.41 -120 -32 -120 29.28

Predicted 17 -96.31 -87.86 -81.49 -130.5 15.62

Note: Data obtained by the authors. 
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Table 3 - Mean, median, minimum, maximum and standard deviation of MEP in the preoperative period, immediate postopera-
tive period (PO1) and late postoperative period (PO2) and predicted value obtained for patients submitted to metabolic surgery

MEP Valid N    Mean    Median      Minimum Maximum
Standard 
deviation

Preoperative 15 86.93 *76 60 120 21.45

PO1 14 57.42 *50 28 108 24.03

PO2 17 92 88 40 120 26.26

Predicted 17 99.63 87.54 79.61 140.19 20.73

Note: * Statistically significant. Source: Data obtained by the authors.

Discussion

Abdominal surgery can cause physiological altera-
tions in the respiratory tract resulting from surgi-
cal trauma and the anesthetic procedure. Impaired 
inspiratory muscle strength causes a reduction in 
inspired pulmonary volume and this decreased vol-
ume, associated with impairment of the expiratory 
muscles, reduces expiratory flow and compromis-
es the cough mechanism, favoring the retention of 

pulmonary secretions [10,11]. Factors such as pain, 
sedation and reduced ventilatory work induce hy-
poventilation and hypoxia, which have detrimental 
effects on the patient [12].

In addition to minimizing surgical risks, evalua-
tion and preoperative care are important to prevent 
postoperative complications [13,14]. We did not find 
in the literature studies that evaluated MIP and MEP 

The preoperative MEP was 76 [60-120] and was sig-
nificantly lower than the predicted value (87.54 [79.61-
140.19]) (p=0.001). Analysis of MEP at PO1 showed 
a significant decrease (50 [28–108]) compared to the 

preoperative values (p=0.001). An increase in MEP was 
observed at PO2 (88 [40-120]), although the difference 
was not statistically significant when compared to pre-
operative values (p=0.35) (Table 3).

The preoperative BMI was 29.40 [24.24– 33.60]. 
Reassessment after two years (PO2) revealed a significantly 

lower BMI (26.68 [20.47–33.40]), with the weight reduc-
tion being statistically significant (p=0.006) (Table 4).

Table 4 - Mean, median, minimum, maximum and standard deviation of BMI in the preoperative period, immediate postop-
erative period (PO1) and late postoperative period (PO2) of patients submitted to metabolic surgery

BMI Valid N    Mean    Median      Minimum Maximum
Standard 
deviation

Preoperative 14 29.72 29.40 24.24 33.60 2.48
PO1 14 28.95 28.99 23.44 32.43 2.59
PO2 14 26.95 *26.68 20.47 33.40 3.53

Note: * Statistically significant. Source: Data obtained by the authors.

A decrease in fasting glucose was observed from the 
preoperative period (228.40 [122.0–362.50]) to PO1 
(157.05 [58.30–245.80]), but the difference was not sig-
nificant (p=0.04). This reduction in fasting glucose at PO1 

may have been caused by the hospitalization routine and 
diet to which the patients were submitted. An important 
and significant decrease (p=0.007) in fasting glucose was 
observed at PO2 (129.15 [79.10– 268.50]) (Table 5). 

Table 5 - Mean, median, minimum, maximum and standard deviation of fasting glucose in the preoperative period, immedi-
ate postoperative period (PO1) and late postoperative period (PO2) of patients submitted to metabolic surgery

Fasting glucose Valid N    Mean    Median      Minimum Maximum Standard deviation

Preoperative 13 219.52 228.40 122.00 362.50 70.91

PO1 16 151.28 157.05 58.30 245.80 51.54
PO2 16 137.61 *129.15 79.10 268.50 51.72

Note: * Statistically significant. Source: Data obtained by the authors.
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in the preoperative and immediate and late postop-
erative periods of metabolic surgery.

In the present study, the MEP was significantly re-
duced at PO1 compared to the preoperative values. On 
the other hand, no statistically significant differences in 
MIP were observed between the pre- and postoperative 
periods of metabolic surgery. These results corroborate 
the findings of Kuhn et al. [15], who selected 10 patients, 
mainly females, submitted to abdominal surgery and 
measured respiratory pressures with a manovacuom-
eter before and 48 hours after surgery. The authors 
observed a significant decrease in MEP (p=0.004) but 
not in MIP (p = 0.678) [15]. Borges et al. [16] evaluated 
40 female patients submitted to conventional laparo-
scopic and single portal laparoscopic cholecystectomy 
and observed a significant decrease in MIP and MEP 48 
hours after the surgical procedure when compared to 
the preoperative period [16].

In our study, we also observed that both MIP and 
MEP were restored in the late postoperative period, 
with the mean and standard deviation being higher than 
those found in the preoperative period, but without sta-
tistical significance.

MIP, MEP, and transdiaphragmatic pressure decrease 
after high abdominal surgery. These decreases persist 
for at least 48 hours after surgery and may not return 
to normal until a week later. In particular, the reported 
incidence of respiratory muscle dysfunction is very low 
(2-5%) after low abdominal surgery, but considerably 
higher (20-40%) after high abdominal surgery, with the 
diaphragm being the most affected muscle [17]. In our 
study, no patient had respiratory complications during 
the postoperative period until discharge.

Smoking seems to be important in the genesis of 
postoperative pulmonary complications since it is as-
sociated with a decrease in secretion transport, an in-
crease in mucus secretion, and airway narrowing [18-
21]. In our study, 6 (35.2%) patients were smokers but 
their spirometric tests were normal before and after the 
surgical procedure. 

The physiological disadvantages of prolonged anes-
thesia have been widely discussed and include, among 
others, arrhythmias, myocardial depression, hypoten-
sion, hypoxia, and pulmonary complications [22,23]. An 
association has been reported between a higher inci-
dence of pulmonary complications in the postoperative 
period of abdominal surgery and the average duration 
of surgery exceeding 210 minutes [24]. In our study, the 
duration of the surgical procedure was 140 ± 30 min. 

None of the patients developed complications during 
the postoperative period until hospital discharge.

A higher BMI can increase chest wall mass, which 
can result in pulmonary function deficiency [25]. In 
our study, the median BMI was 26.68 kg/m2 in the late 
postoperative period of metabolic surgery, a value lower 
than the median preoperative BMI of 29.40 kg/m2. This 
weight reduction was satisfactory and statistically sig-
nificant (p=0.006).

Studies report that diabetes damages major or-
gan systems through disrupted glycemic control and 
increased inflammation, including a reduction in lung 
volume and capacity [26-28]. With respect to struc-
tural changes in the respiratory muscles of diabetic 
patients, studies suggest that the occurrence of these 
alterations are associated with insulin resistance, non-
enzymatic glycosylation of connective tissue, defective 
stimulation of pulmonary surfactant production, and 
the presence of a low-level chronic inflammatory state 
[29,30]. Physiotherapeutic evaluation during the pre- 
and postoperative periods of metabolic surgery is there-
fore important. In the present study, an important and 
significant reduction in fasting glucose was observed 
at PO2 (p=0.007).

Conclusion

The present results showed a significant decrease of 
MEP in the immediate postoperative period/24 h after 
metabolic surgery, demonstrating a negative impact of 
this surgery on expiratory muscle strength. Significant 
weight loss and a significant reduction in fasting glu-
cose were observed in the late postoperative period/2 
years after surgery, with reestablishment of MIP and 
MEP. Further studies are needed to monitor patients in 
the pre- and postoperative period of metabolic surgery, 
identifying complications and acting on the care and 
functional recovery of these patients.
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