
Health, 2017, 9, 942-950 
http://www.scirp.org/journal/health 

ISSN Online: 1949-5005 
ISSN Print: 1949-4998 

DOI: 10.4236/health.2017.96067  June 23, 2017 

 
 
 

Evaluation of Pulmonary Function in Adults 
with Grade III Obesity 

Cássio Daniel Araújo da Silva1, Fernanda Figueirôa Sanchez1, Jonas Silva de Souza2, 
Jamilly Rebouças Demosthenes Marques1, Ana Fátima de Freitas2, Ellen Kathellen Sá de Souza1, 
Roberta Lins Gonçalves1 

1Federal University of Amazonas—UFAM, Manaus, Brazil 
2Adriano Jorge Hospital Foundation—FHAJ, Manaus, Brazil 

 
 
 

Abstract 
Pulmonary function studies in obese individuals have alerted the pathophysi-
ological changes due to weight gain. However, these changes are not fully ex-
plained yet. Objective: To evaluate and analyze the pulmonary function of ob-
ese adults in the city of Manaus (AM, Brazil) and to correlate the parameters 
of spirometry with weight and BMI. Method: A descriptive cross-sectional 
study, in which pulmonary function of 22 adults with grade III obesity was 
evaluated pre and post bronchodilator administration, performed at the 
Adriano Jorge Hospital Foundation—FHAJ. Results: Of the 22 patients eva-
luated, 6 were male and 16 were female; mean age was 37.1 ± 7.4 years, with a 
weight of 134.2 ± 28.6 kg and a BMI of 51.1 ± 9.4 kg/m2, corresponding to 
grade III obesity. Spirometry showed a reduction in values obtained from 
Forced Vital Capacity (FVC), Forced Expiratory Volume in the first second 
(FEV1) and Peak Expiratory Flow (PEF) in relation to those predicted, with 
23% of restrictive disorders. There were negative correlations between BMI 
and PEF, weight and FVC, weight and PEF. The P value for correlation of 
weight and FEV1 is not statistically significant. Conclusion: Restrictive and 
obstructive disorders are prevalent in the population with grade III obesity. 
Correlations between pulmonary function and BMI/weight were negative for 
this specific population. 
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1. Introduction 

Obesity is a chronic disease, non-transmissible, with multifactorial character and 
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systemic repercussions [1] [2] [3]. This disease has become a major health and 
social problem in the last decades, being considered an important health prob-
lem in this century [1] [2] [3]. Global estimates by the World Health Organiza-
tion (WHO) indicated that in 2015, 2.3 billion adults would be overweight and 
more than 700 million would be obese [4]. In Brazil, there are reported of 32% of 
the adult population were overweight, of which, 8% have obesity [5]. 

Characterized by the disorder that includes the excessive consumption of ca-
loric foods in detriment of a low energy expenditure, sedentarism as lifestyle ha-
bits [3] [5] [6] [7] [8], sociological factors and metabolic and neuroendocrine 
changes, as well as hereditary gene components are involved [9]. Among all the 
clinical repercussions of obesity, such as increased rates of cardiovascular dis-
eases, musculoskeletal disorders, metabolic disturbances of inflammatory cas-
cades and reduction of life expectancy [1] [2] [6] [9] [10] [11], respiratory com-
orbidities have gained importance nowadays, with pertinent investigations about 
influence of the weight gain and its physiological adaptations that can culminate 
in singular pathological situations [12] [13]. Thus, for example, the biomechani-
cal disadvantage of the respiratory system against the resistance imposed by 
adipose tissue deposited under the thoracic/abdominal cavity has become a con-
sensus [14] [15]. However, the physiological mechanisms involved and the other 
repercussions of this situation are not yet fully elucidated in the literature [11] 
[12] [13] [14] [15]. 

One of the most practical and performed functional evaluations in pulmonol-
ogy is the pulmonary function test, which allows quantifying airflow during 
forced respiratory incursions and identifies restrictive and/or obstructive airway 
disorders [7] [8] [9] [10] [11]. In the obese population, a large part of studies in-
dicate a relation between restrictive disorders and an increase in BMI, with ob-
structive disorders—in theory—reserved for special conditions, such as asthma 
and obstructive sleep apnea [12]. 

Considering the range of speculation and conflicting results reported by re-
search, and also its population and methodological characteristics, this study 
aims to evaluate and analyze pulmonary function of obese adults in the city of 
Manaus (AM, Brazil), and correlate the parameters of spirometry with weight 
and BMI. 

2. Methods 
2.1. Trial Design and Sample 

This is a descriptive cross-sectional study approved by the Research Ethics 
Committee of the Federal University of Amazonas—UFAM (AM), CAAE: 
01840212.0.0000.5020, in which pulmonary function was evaluated before and 
after administration of bronchodilator in 22 adult individuals with grade III ob-
esity of the Bariatric Surgery Program from Adriano Jorge Hospital Foundation. 
The study was carried out between March and June 2015. All volunteers were 
instructed about the study procedures and signed the Informed Consent Form 
(TCLE). Individuals were included in the research as they presented the eligibil-
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ity criteria, namely: have a clinical diagnosis of obesity, do not smoke, and 
present a clinical situation with no history of recent illness and adequate physi-
cal-cognitive capacity to perform the exam. Exclusion criteria included individu-
als with a history of respiratory or cardiovascular disease. No subjects were ex-
cluded from the study. During the anamnesis an evaluation record was filled out 
with questions about smoking, presence of respiratory and cardiovascular dys-
function, family history and medications in use. After that, anthropometric 
measurements were collected and the subjects were referred for evaluation. 

2.2. Body Mass Index 

BMI was calculated using the following formula: BMI = weight (kg)/height2(m2), 
and categorized considering the ranges of 30 - 34.9 kg/m2 for diagnosis of obesi-
ty stage I; 35 to 39.9 kg/m2 for obesity stage II and ≥40 kg/m2 for stage III obesi-
ty, also known as morbid obesity, according to World Health Organization 
(WHO) [1] [4]. 

2.3. Spirometry 

For evaluation of pulmonary function was used Portable Spirometer MicroLab 
3500 (Spida Software, model MK8/Cardinal Health). The test was performed in 
seated position, with single use disposable mouthpieces, nasal clip and previous 
instructions, according to the recommendations of the Guidelines for pulmo-
nary function tests of the American Thoracic Society (ATS) [16] and Brazilian 
Society of Pulmonology and Tisiology: SBPT [17], pre and post-bronchodilator 
test, applied by the same trained technician. 

The measures obtained were: Forced Vital Capacity (FVC), Forced Expiratory 
Volume in 1 second (FEV1), FEV1/FVC ratio and Peak Expiratory Flow (PEF). 
All measures were expressed in absolute terms and percentages of predicted, be-
ing analyzed according to the reference values proposed by ATS/GOLD 2015 
[18]. The results were classified in spirometry normal, Obstructive Ventilatory 
Disorder (OVD) and Restrictive Ventilator Disorder (RVD). For statistical anal-
ysis and classification of pulmonary function parameters, the values of the ex-
amination performed after bronchodilator administration were considered as 
reference. 

2.4. Statistical Analysis 

Data were processed in the SigmaStat Software version 3.5 for the simple average 
calculation, the average standard deviation and application of Student’s T-test 
and Spearman’s correlation coefficient between pulmonary function parameters 
and the variables weight and BMI. 

3. Results 

From the total of 22 patients evaluated, 6 were male and 16 female, mean age 37.1 ± 
7.4 years, weighing 134.2 ± 28.6 kg and BMI 51.1 ± 9.4 kg/m2, corresponding to 
grade III obesity. As shown in Figure 1, restrictive (23%) and obstructive (18%) ven-
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tilatory disorders were found in the studied population, although with a higher 
prevalence of normal pulmonary function tests (59%). Due to the small sample 
of the study, it was not possible to classify ventilatory disorders by gender. 

In the general analysis of the 22 individuals without categorizing them by res-
piratory disturbs, the results were FVC and FEV1 both with 83% of predicted, 
PEF 69% of predicted (P = 0.001), and FEV1/FVC ratio was unchanged. Com-
paring the absolute values before and after bronchodilator lung volumes, we ob-
served that there was no significant difference in post-BD data, as shown in Ta-
ble 1. 

The results of lung function measurements in the study, as % predicted, are 
detailed in Table 2. 
 

 
Figure 1. Classification of ventilatory disorders in obesity grade III. 

 
Table 1. Pulmonary function test performed before and after bronchodilator in individuals with morbid obesity categorized by 
type of ventilatory disorder. 

Ventilatory 
function 

OBTAINED Before-BD* OBTAINED After-BD* 

FEV1 FVC FEV1/FVC PEF FEV1 FVC FEV1/FVC PEF 

Normal 2.72 ± 0.48 3.24 ± 0.73 84.00 ± 5.90 5.95 ± 1.44 2.84 ± 0.46 3.27 ± 0.62 87.60 ± 5.10 6.08 ± 1.43 

OVD 2.00 ± 0.32 2.58 ± 0.20 77.50 ± 9.20 4.73 ± 2.11 2.07 ± 0.35 2.71 ± 0.28 75.00 ± 6.50 4.86 ± 2.02 

RVD 2.75 ± 0.41 3.20 ± 0.52 87.00 ± 7.70 5.47 ± 2.03 2.52 ± 0.63 2.94 ± 0.68 87.40 ± 10.30 5.26 ± 2.06 

BD: Bronchodilator; FEV1: Forced Expiratory Volume in the first second; FVC: Forced Vital Capacity; FEV1/FVC: Expiratory Volume Forced in the first 
second on Forced Vital Capacity; PFE: Peak Expiratory Flow; OVD: Obstructive Ventilatory Disorder; RVD: Restrictive Ventilatory Disorder. *No signifi-
cant statistical differences. 

 
Table 2. Measurements of lung function, as a percentage of predicted, of 22 individuals with morbid obesity categorized by type of 
ventilatory disorder. 

Ventilatory 
function 

FEV1 FCV FEV1/FVC PFE 

Before - BD After - BD Before - BD After - BD Before - BD After - BD Before - BD After - BD 

Normal 90.10 ± 8.90 94.6 ± 8.40 90.6 ± 9.20 91.70 ± 7.60 101.30 ± 9.20 105.00 ± 7.00 83.55 ± 23.11 84.89 ± 16.73 

OVD 68.70 ± 17.80 70.30 ± 12.30 75.2 ± 8.10 78.70 ± 13.80 92.20 ± 11.50 90.00 ± 8.70 48.83 ± 11.42 55.50 ± 12.37 

RVD 77.4 ± 12.60 71.5 ± 8.90 72.2 ± 7.40 70.50 ± 7.93 105.2 ± 8.40 106.00 ± 11.20 64.14 ± 18.23 70.4 ± 31.38 

BD: Bronchodilator; FEV1: Forced Expiratory Volume in the first second; FVC: Forced Vital Capacity; FEV1/FVC: Expiratory Volume Forced in the first 
second on Forced Vital Capacity; PFE: Peak Expiratory Flow; OVD: Obstructive Ventilatory Disorder; RVD: Restrictive Ventilatory Disorder. 

Normal 
spirometry

Restrictive 
ventilatory 
disorders

Obstructive 
ventilatory 
disorders

59%

23%
18%
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When we correlated the pairs of variables evaluated by spirometry with the 
anthropometric parameters of Weight and BMI, we observed an inverse relation 
between BMI and PEF, and between weight and spirometric parameters (FVC, 
FEV1 and PEF) and positive correlation between BMI and FEV1/FVC. In addi-
tion, PEF correlated with statistical significance with both BMI and Weight. The 
correlations and the values of r are described in Table 3. 

4. Discussion 

The present study aimed to describe the pulmonary function in obese adults and 
to correlate the evaluated parameters with Weight and BMI. In general, a higher 
prevalence of restrictive respiratory disorders was observed, although the ob-
structive ones were also present. 

Bedell, et al., showed abnormalities of pulmonary function in obese people. 
However, they emphasized that the magnitude of these changes is variable in 
different individuals and is not necessarily associated with body weight and body 
mass index [20]. In contrast, it has been postulated that any mechanical interfe-
rence in the diaphragmatic and/or thoracic cavity excursions is capable of caus-
ing a decrease in the capacity for lung expansion—reflected in FVC—as it may 
occur in pregnancy and obesity itself [20] [21]. Rasslan, et al., emphasize in their 
review that the most common alterations in respiratory function due to obesity 
are of two types: proportional changes to obesity (reduction of VRE [Expiratory 
Reserve Volume] and increase of diffusion capacity) and exclusive changes in 
grade III obesity (Reduction of Vital Capacity—VC and Total Pulmonary Ca-
pacity—TPC), resulting from the cycle involving distortions in the chest wall 
and respiratory mechanics, reduction of total compliance and reduction in pul-
monary fluxes [21] [22] [23]. About this, Collins, et al., and Gontijo, et al., report 
that the predicted values of the spirometric parameters decrease according to the 
degree of obesity, especially FVC, FEV1 and Total Pulmonary Capacity (TPC) 
[7] [13] [24]. Our findings reinforce this assertion, with a decrease in FVC and 
FEV1 (83% of predicted). Also, the FEV1/FVC ratio was unchanged and posi-
tively correlated with BMI which corroborates the Jones and Nzekwu (2006) study,  
 
Table 3. Correlation of the variables Weight and BMI with the pulmonary function test. 

Spirometric 
parameters 

Correlation between the pairs 

Weight (kg) Value of r BMI (kg/m2) Value of r 

FVC Negative* 0.42 S/R - 

FEV1 Negative 0.43 S/R - 

PEF Negative* 0.11 Negative* 0.49 

FEV1/FVC S/R - Positive* 0.23 

BMI: Body Mass Index; FEV1: Forced Expiratory Volume in the first second; FVC: Forced Vital Capacity; 
PEF: Expiratory Flow Peak; FEV1/FVC: Expiratory Volume Forced in the first second on Forced Vital Ca-
pacity. Value of r—correlation coefficient. Negative correlation: inversely proportional variables. Positive 
correlation: directly proportional variables. S/R—without statistical correlation. *Statistical significance 
with p value < 0.05. 
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who concluded that the higher the BMI, more direct the correlation [25]. How-
ever, we should observe these results with caution, since the correlation coeffi-
cient between the variables, in the present study, presented a reduced value 
(0.23). This result, although controversial because of the low N, corroborates the 
study by Melo, et al., in which the pulmonary function of 140 individuals classi-
fied in six degrees of BMI was analyzed. The authors found an inverse relation 
between BMI and spirometry parameters, especially for obese individuals above 
45 kg/m2, suggesting a linear reduction in function due to the increase in BMI 
[26]. 

Domingos-Benício, et al., in their comparative study between obese and eu-
trophic individuals, did not found pulmonary function alterations that could be 
explained by obesity [27]. Interestingly, this finding can be explained by the 
anthropometric differences between the sample studied—mainly composed of 
women—since fat deposition is predominantly gynoid (hips and thighs), whe-
reas in men it occurs predominantly in the abdomen (android phenotype) [22]. 
Hari-Klan, et al., described the relation between the distribution of body fat in 
both genders and lung function, in the study of individuals of both genders, and 
observed an inverse and significant association between WHR (Waist-Hip), 
FEV1 and CV only in men. As a conclusion, the authors suggested that the dis-
tribution of thoracoabdominal fat in man interferes in ventilatory mechanics 
more markedly than in women [28]. As a result, the male population would be 
more susceptible to the respiratory consequences of obesity. As we did not eva-
luate eutrophic control group, and our sample N was insufficient for staging by 
sex, we cannot corroborate with such facts. 

In our evaluation of ventilatory disorders, we found a higher prevalence of re-
strictive disorders (23%), which represents a certain unanimity among the stu-
dies, according to a large literature [7] [12] [13] [14] [15] [23] [24]. However, 
from a clinical point of view, obesity has also been correlated with obstructive 
ventilatory disorders, such as bronchial asthma and obstructive sleep apnea [29] 
[30], which supports our findings of obstructive ventilatory disorders in 18% of 
participants. It should be noted, however, that none of those evaluated had, ac-
cording to anamnesis collected, a previous history of respiratory clinical disord-
ers, which indicates the asymptomatic nature of these alterations. 

Regarding the possible correlations between the variables and the parameters 
of spirometry, we found a negative association - that is, inversely proportional - 
between body weight and FVC, FEV1 and PEF, whereas BMI correlated inverse-
ly with PEF alone. Ribeiro, et al., however, showed an inverse relation of BMI 
with FEV1, FEV1/FVC, FEF25-75 and VRE, although with little statistical signi-
ficance, suggesting obstructive processes in small airways [11]. Similar results to 
those observed by Rasslan, et al., for the male population [22]. Ghobain, M.A. 
found only PEF reduction in its obese population evaluated with spirometry 
compared to the non-obese group. For the author, this is the result of the in-
crease in total respiratory resistance and airways that occurs in obesity, added to 
different ethnicities and in some cases, methodologies, which may reflect hete-
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rogeneous results [31]. Finally, we emphasize the importance of extending these 
evaluations to the most numerically significant populations staged not only by 
sex, but also by different degrees of obesity, which reflects a limitation of the 
present study. We also corroborate the need for research on other independent 
variables, such as body weight, waist circumference and waist-hip ratio, because 
the measurement only of the body mass index has limitations and questionings. 

5. Conclusion 

The present study evidences the diversity of respiratory consequences due to 
obesity, with restrictive ventilatory disorders being more prevalent than obstruc-
tive, which was associated with the linear reduction of FVC, FEV1 and PEF val-
ues evaluated in spirometry and inversely correlated with body weight. 
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