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Abstract 

Introduction: Obesity can affect pulmonary function by different mechanisms. We aim was to evaluate if there are any differences in pulmonary 
volumes, measured through spirometry, and fat mass distribution by sex and its correlation with obesity. 

Methods: A retrospective cohort that included 114 patients with obesity. Anthropometric measurement, fat mass, muscle mass through 
bioelectrical impedance analysis and spirometry data were measures.

Results:  82% were female, the mean age was 40.8±10 years old for all participants. 9.3 % of patients with obesity type III showed an FVC <80%; 
meanwhile, patients with obesity type II did not show alterations in pulmonary volumes (p=0.02). Differences by sex were not observed.   A 
higher presence of altered spirometry was recorded among those with central obesity (elevated waist-to-hip ratio), 7.9% abnormal spirometry 
tests compared to 0.9% in patients with normal WHR (p=0.04). 

Conclusion: The negative contribution of obesity on pulmonary volumes seems to be related to the presence of central distribution of body fat. 
No differences were found between sex
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Abbreviation: FEV: Forced Expiratory Volume; FVC: Forced Vital Capacity; BIA: Bioelectrical Impedance Analysis; WHR: Waist-to-Hip Ratio; 
BMI: Body Mass Index

Introduction

Obesity is a public health problem worldwide, and it could affect 
pulmonary function by different mechanisms [1]. Adipose tissue 
secretes various adipokines with inflammatory consequences; 
such effects have been related to changes in pulmonary function 
[2]. People living with obesity develop a reduction in thoracic 
distensibility due to the limited expansion of the thoracic cavity 
and diaphragm; in addition, has been described the presence of 
microatelectasis on lung bases resulting in altered oxygenation 
and respiratory distress [3].  

Some studies showed that the higher obesity is, the more 
damaged breathing physiology and exhale volumes. Nevertheless, 
it has been observed that weight does not always explain the 
differences in pulmonary function. There is a lack of research 
describing changes in normal pulmonary function related to sex 
and body composition and distribution. Therefore, this study 
aimed to evaluate if there are any differences in pulmonary 
volumes, measured through spirometry, and fat mass distribution 
by sex and its correlation with obesity. 
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Methods

A retrospective cohort that included male and female patients 
between 18 and 55 years old. Patients were diagnosed with 
obesity based on body mass index (BMI): type II obesity = BMI >35 
plus comorbidity, and type III obesity = BMI ≥40 with or without 
comorbidity. Those patients with a record of previous pulmonary 
disease, smoking index = >20 packages/year, or biomass exposure 
index = >200 hours/year were excluded, as well as patients with 
spirometry contraindications.      

Anthropometric measurements

Weight (kg), height (m), waist circumference (cm), and hip 
circumference (cm) were measured following a standardized 
technic. BMI and waist-to-hip ratio (WHR) were computed. 
Bioelectrical impedance analysis (BIA) was used to determine fat 
mass (%) and muscle mass (Kg) with a TANITA® scale, model BC-
418.  

Spirometry data

Forced vital capacity (FVC) and forced expiratory volume in 
one second (FEV1) were used as measures of ventilatory function. 
Values of ≥80% were considered normal. The measurements 
were obtained by a baseline forced spirometry; patients were 
sitting. The spirometry was performed and assessed by an expert 
for meeting acceptability and repeatability criteria and following 
the standards of the American Thoracic Society. The spirometer 
was a Spiro senseâ of Burdick, calibrated after each test.  

Statistical analysis

Continued variables were expressed as mean ± SD, and data 
comparison was performed by a t-student test for independent 
samples. Categorical variables were expressed as frequencies and 
percentages, and a chi-squared test was computed to observe 
differences. Pearson correlation coefficient (r) was used to study 
the degree of linear association between quantitative variables. 
Statistical significance was accepted with a p-value of <0.05. Data 
were analyzed using SPSS software (version 21.00, SPSS Inc).  The 
study was approved by the institution’s committees of ethics and 
research.  

Results

The study included a total of 146 eligible participants. 114 cases 
were analyzed, and 82% were female. The mean age was 40.8±10 
years old for all participants. Characteristics of participants are 
shown in table 1. In relationship with pulmonary volumes and 
obesity, the mean of FVC was 102±10.8% for patients with obesity 
type II; meanwhile, for patients with obesity type III FVC mean 
was 98.73±15.1% (p=0.06). FEV1 for patients with obesity type 
II and III was 100.4±10.6% and 96±15.6%, respectively (p=0.06). 
The mean of the FEV1/FVC ratio was 91±6.3% for patients with 
obesity type II and 91.73±7.2% for patients with obesity type 
III.   Any pulmonary volume with a value of <80% was considered 
altered. 9.3 % of patients with obesity type III showed an FVC 
<80%; meanwhile, patients with obesity type II did not show 
alterations in pulmonary volumes (p=0.02). Differences by sex 
were not observed.    

Table 1: Demographic characteristics and spirometry data (by sex).

Variable Total (n=114) Female (n=94) Male (n=20)

Age (years) 40.8±10 39.9±10 43.5±11

Weight (Kg) 114±19 112±17 125.6±7 

BMI (kg/m2) 44.4±6 44.7±6 43.8±7 

Waist circumference (cm) 119±18 116.7±18 130.6±14 

Hip circumference (cm) 130.9±14 132.1±14 119.5±12.7

WHR 0.91±0.15 0.89±0.16 1.01±0.10

Fat mass (%) 37.6±7.2 38.5±7 29.4±6

Muscle mass (Kg) 55.8±11 57.3±8 51.6±9

FVC (predicted %) 99.9±15.1 101±14.2 97±14.5

FEV1 (predicted %) 97.3±15.5 96.3±15.8 97.2±14.7

FEV1/FVC (predicted %) 91.5±7 94±72 93±19

BMI: Body Mass Index; WHR: Waist-to-Hip Ratio; FVC: Forced Vital Capacity; FEV1: Forced Expiratory Volume in the First Second; FEV1/FVC, 
ratio of FEV1 to FVC.
Values are expressed as mean and standard deviation or frequencies and percentages.

The presence of central obesity was established using 
WHR. Values of WHR of >0.94 for men and >0.85 for women 
were considered central obesity. A higher presence of altered 
spirometry was recorded among those with central obesity, 7.9% 

(n=9) abnormal spirometry tests compared to 0.9% (n=1) in 
patients with normal WHR (p=0.04). Significative correlations 
between pulmonary volumes and anthropometric data are shown 
in table 2. 
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Table 2: Pulmonary volumes and anthropometric data correlation.

Variable Correlation Coefficient (r) p-Value

BMI (kg/m2) 0.376 0.06

WHR -0.222 0.04

Fat mass (%) 0.148 0.05

Muscle mass (Kg) 0.47 0.32

BMI: Body Mass Index; WHR: Waist-to-Hip Ratio

Discussion

Some studies have reported that obesity impacts pulmonary 
capacity. It has been found that BMI directly influences the lung’s 
ability to expand and its elasticity [4,5]. In comparison, our study 
did not find any relationship between BMI and pulmonary capacity, 
but we observed a significant relationship with central obesity 
established by WHR. This brings the idea that central distribution 
of body fat might be more important than the relationship 
between total weight with height. White adipose tissue secretes a 
significant amount of adipokines, an important number of which 
have proinflammatory and proatherogenic activity. WHR could be 
helpful as an indirect biomarker of white adipose tissue mass and 
central obesity. WHR has been related to dysglycemia and several 
other metabolic abnormalities [6]. 

Although some authors such as Sutherland et al6 found no 
association between body fat distribution and trunk fat with 
respiratory volumes. Our findings are consistent with Collins et 
al. [7] who reported a decrease in lung volumes relation to body 
fat distribution in upper body, which interestingly, decreased 
in patients with higher degree of obesity. One hypothesis for 
our findings is that pulmonary tissue could be increased due to 
chronic inflammation of the perivascular adipose tissue. Thus, gas 
exchange is altered, increasing respiratory load and decreasing 
pulmonary reserve.

The limitations of our study are the higher proportion of 
females and the differences between obesity types. It is necessary 
to perform more studies with a more homogenous population.  

Conclusion

The negative contribution of obesity on pulmonary volumes 
seems to be related to the presence of central distribution of 
body fat instead of total weight or BMI. No differences were found 
between sex.
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