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ABSTRACT
Background: Reports on pulmonary function in overweight and obesity are conflicting. Objective: The 
objective of the study was to evaluate the effect of increasing weight on dynamic pulmonary parameters.
Methods: A cross-sectional study involving healthy young adult male Bengali subjects was carried out in a 
tertiary care center in eastern India. The subjects were stratified into underweight, normal, and overweight 
based on their body mass index (BMI). Forced vital capacity (FVC), forced expiratory volume in 1 second 
(FEV1), FEV1/FVC ratio, forced expiratory flow between 25 and 75% of vital capacity (FEF25-75%), and peak 
expiratory flow rate (PEFR) were measured. Results: Out of 153 male subjects, 27 were underweight, 96 
were normal, and 30 were overweight. All the subjects were between 18 and 23 years. Median height, 
weight, and BMI were 170 cm, 60.1 kg, and 21.46 kg/m2, respectively. Median FVC, FEV1, FEV1/FVC, 
and PEFR were 3.806 L, 3.2271 L, 85.22%, and 7.024 L/s, respectively. None of the respiratory parameters 
differed significantly between normal and overweight although lower FVC and higher FEV1/FVC was noted 
in underweight. Median FVC, FEV1, and PEFR were lowest in underweight and highest in overweight 
group. Weight had significant positive correlation with FVC, FEV1, and PEFR while BMI with FVC. Both 
weight and BMI negatively correlated with FEV1/FVC. Conclusion: FVC, FEV1, and PEFR tend to increase 
while FEV1/FVC tends to decrease with increase in weight in adult healthy non-obese male.
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Introduction
Height correlates with lung size and is an important 
predictor of lung volumes.[1] Lung volume and 
capacities are larger in males and decrease with 
advancing age in both sexes.[2] Ethnic variations 
in values of different pulmonary parameters are 
also well-known.[3] There are reports of decrease in 
lung function in both under-nutrition and obesity. 
The initial increase in pulmonary function with 
increasing weight is due to increased muscle force 
while the decrease with further increase in weight 
is due to compromising mobility of the thoracic 
cage.[4]

Body mass index (BMI) is a simple tool for classifying 
individuals into underweight, normal, overweight, 
and obese. Reports on pulmonary function in 
overweight and obesity are conflicting. Some studies 
have found abnormal spirometry only in massively 
obese subjects. Others revealed altered spirometry 
in obese but not in overweight subjects. Decreased 
vital capacity has also been found in overweight 
group in one study.[5-7] This study was carried out 
in healthy young adult non-obese male subjects to 
evaluate the effect of increasing weight on dynamic 
spirometric parameters.

Materials and Methods
Approval from Institutional Ethics Committee 
was sought at first and permission for this cross-
sectional study was granted. Informed consent was 
taken from all the participants. Healthy non-obese 
young adult Bengali male subjects were recruited 
from among medical or paramedical students. 
Those with pre-existing respiratory diseases like 
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asthma were excluded. Baseline and pulmonary 
parameters were recorded in a predesigned format. 
Height was measured in the standing posture to the 
nearest centimeter. Weight was measured to the 
nearest 0.1 kg from the zero reference point. BMI 
was calculated as weight in kilograms divided by the 
square of the height in meters.[8] The WHO criteria 
of classification of BMI were followed and BMI of 
<18.5 kg/m2 is considered as underweight, 18.5–
24.9 kg/m2 as normal weight, and 25.0–29.9 kg/m2 is 
considered as overweight.[9]

Digital spirometer (Spirowin version 2.0) was used 
to measure dynamic pulmonary parameters, namely, 
forced vital capacity (FVC), forced expiratory volume 
in 1 s (FEV1), FEV1/FVC ratio, forced expiratory flow 
between 25% and 75% of vital capacity (FEF25-75%), 
and peak expiratory flow rate (PEFR). Procedure of 
spirometry was demonstrated to the participants. After 

taking a maximal inspiration through the mouthpiece, 
they blew into it as quickly, forcefully, and maximally 
as possible, with nose manually closed. Criteria 
for acceptability and repeatability of spirometry as 
developed by American Thoracic Society were strictly 
followed.[10] At least three acceptable spirograms were 
obtained and spirometry was repeated until the two 
largest values of FVC were within 0.150 L of each other. 
Those with unacceptable spirometry or suspected to 
exert inadequate effort underwent a repeat spirometry 
on second or even third sitting. Maneuver with largest 
sum of FVC and forced FEV1 was taken for analysis 
and parameters were recorded.[10]

GraphPad Prism version 5 (San Diego, California: 
GraphPad Software Inc., 2007) was utilized for 
statistical analyses of data. One-way ANOVA 
followed by Tukey’s multiple comparison tests was 
used to compare the groups. P < 0.05 was considered 
as statistically significant. Correlation of weight and 
BMI with respiratory parameters was measured by 
Pearson’s test.

Results
Out of 153 male subjects, 27 were underweight, 96 
were normal, and 30 were overweight. Age of all the 
subjects ranged from 18 to 23 years. Their baseline 
and pulmonary parameters are shown in Table 1.

Table 2 compares the baseline and pulmonary 
parameters among three groups on the basis of 
BMI and shows the results of ANOVA. These 
groups were similar in age and height and differed 
significantly only in weight, BMI, FVC, and FEV1/
FVC. Tukey’s multiple comparison tests (not shown) 
revealed no significant difference between normal 
and overweight with respect to any pulmonary 

Table 1: Baseline and Pulmonary parameters of 
subjects (n=153)

Parameter Mean (SD) Median (Inter-
quartile range)

Age (years) 19.46 (1.220) 19 (19–20)

Height (cm) 170.6 (6.19) 170 (167–175)

Weight (kg) 63.23 (10.89) 60.1 (55.5–72.1)

BMI (kg/m2) 21.69 (3.209) 21.46 (19.04–24.15)

FVC (L) 3.824 (0.528) 3.806 (3.457–4.142)

FEV1 (L) 3.250 (0.432) 3.227 (2.976–3.502)

FEV1/FVC (%) 85.21 (5.50) 85.22 (81.35–89.28)

FEF25–75% (L/s) 3.803 (0.878) 3.745 (3.155–4.390)

PEFR (L/s) 6.957 (1.182) 7.024 (6.321–7.814)

FVC: Forced vital capacity, FEV1: Forced expiratory volume 
in 1 second, PEFR: Peak expiratory flow rate, BMI: Body mass 
index

Table 2: Comparison of baseline and respiratory parameters of subjects grouped according to BMI

Parameter Underweight (n=27) Normal-weight (n=96) Overweight (n=30) P-value

Age (years) 19.41 (1.118) 19.49 (1.330) 19.43 (0.935) 0.9428

Height (cm) 170.1 (4.90) 170.2 (6.19) 172.1 (7.11) 0.2978

Weight (kg) 50.37 (3.152) 62.01 (6.868) 78.70 (7.202) <0.0001

BMI (kg/m2) 17.42 (0.879) 21.38 (1.781) 26.53 (1.178) <0.0001

FVC (L) 3.532 (0.4056)* 3.857 (0.5112)# 3.984 (0.5910)# 0.0029

FEV1 (L) 3.099 (0.3461) 3.264 (0.4380) 3.343 (0.4587) 0.0917

FEV1/FVC (%) 87.98 (6.183)* 84.76 (5.125)# 84.16 (5.389)# 0.0126

FEF25–75% (L/s) 3.967 (0.9524) 3.753 (0.8383) 3.817 (0.9454) 0.5360

PEFR (L/s) 6.793 (1.252) 6.878 (1.186) 7.357 (1.050) 0.1114

FVC: Forced vital capacity, FEV1: Forced expiratory volume in 1 second, PEFR: Peak expiratory flow rate, BMI: Body mass index. 
Values are mean (SD); P value obtained by One-way ANOVA; Tukey’s post-test was done to compare multiple groups (each group 
compared with the other). Values with * differ significantly with values with #.
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parameter. FVC and FEV1/FVC of normal weight 
group significantly differed with those of the 
underweight. The overweight group too differed 
significantly with the underweight with respect to 
FVC and FEV1/FVC. Median, minimum, maximum, 
and inter-quartile ranges of FVC, FEV1, and FEV1/
FVC of three groups have been depicted as box and 
whisker plot in Figure 1.

Correlations of weight and BMI with respiratory 
parameters are shown in Table 3. Both weight and 
BMI had significant correlation with FVC and FEV1/
FVC. Correlation of weight with FEV1 and PEFR 
was also significant and positive. The scatter plot 
of different pulmonary parameters with weight and 
BMI is depicted in Figures 2 and 3.

Discussion
This study demonstrated decreased FVC, FEV1, and 
PEFR and increased FEV1/FVC in underweight group 
compared to normal subjects. Of these, only FVC 
and FEV1/FVC significantly differed. Overweight 
subjects had higher FVC, FEV1, and PEFR and the 
lower FEV1/FVC compared to normal but difference 
did not reach statistical significance. This may be 
due to the fact that overweight individuals were 
a small proportion (20%) of the total subjects. 
However, weight and BMI had significant linear 
relation with pulmonary parameters. Both weight 
and BMI had significant positive correlation with 
FVC and negative correlation with FEV1/FVC. 
Weight, in addition, positively correlated with FEV1 
and PEFR.

Interaction of the lungs, the chest wall and respiratory 
muscles determine the respiratory mechanics. 
Lower lung volumes in underweight subjects have 
been reported in few earlier studies.[4,11] This may 
be due to decreased muscle mass which is often 
associated with a weaker diaphragm and other 
respiratory muscles and a decreased respiratory 
strength.[12] Our study also agrees with others who 
demonstrated no significant change in lung volume 
with increase in BMI.[13-15] Dynamic lung volumes 
and airflow are usually within normal limits even 
in mild obesity.[6,7,16,17] However, decrease in FVC 
with increasing BMI and adiposity has been found 
in some other studies.[18-20]

Figure 1: (a and b) Box and whisker plot showing median, 
maximum, minimum, and inter-quartile range of forced 
vital capacity (FVC), forced expiratory volume in 1 second 
(FEV1) and FEV1/FVC of underweight (u), normal (n), and 
overweight (o)

Table 3: Correlation of weight and BMI with respiratory parameters

Parameters* Weight BMI

Pearson’s r P-value Pearson’s r P-value

FVC (L) 0.4918 <0.0001 0.2420 0.0026

FEV1 (L) 0.3856 <0.0001 0.1383 0.0882

FEV1/FVC (%) -0.2510 0.0018 -0.2385 0.0030

FEF25-75% (L/s) -0.0552 0.4976 -0.1003 0.2173

PEFR (L/s) 0.1798 0.0266 0.0977 0.2311

*Weight and BMI of all 153 subjects correlated with respiratory parameters. FVC: Forced vital capacity, FEV1: Forced expiratory 
volume in 1 second, PEFR: Peak expiratory flow rate. BMI: Body mass index
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Lung volumes and airflow initially increase and 
then decrease with increase in weight. It has been 
suggested that the initial increase might be a sign of 

increasing muscle force, and the decrease with further 
weight gain may be due to obesity diminishing the 
mobility of the thoracic cage.[4] However, the point 

Figure 2: Scatter plot weight with forced vital capacity (FVC), forced expiratory volume in 1 second (FEV1), FEV1/FVC, 
and peak expiratory flow rate

Figure 3: Scatter plot body mass index with forced vital capacity (FVC), forced expiratory volume in 1 second (FEV1), 
FEV1/FVC, and peak expiratory flow rate
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at which pulmonary function peaks and then starts 
to decline is hard to pin down. Our study indicates 
beneficial effect of increasing weight on FVC, FEV1, 
and PEFR in those having BMI up to 30. A study in 
children found elevated BMI increases lung volume 
but reduces airflow.[21] A recent meta-analysis 
indicates overweight and obesity is associated with 
lower FEV1/FVC.[22] This conforms to our finding of 
negative correlation of weight with FEV1/FVC.

The strength of this study lies in the fact that 
confounding effects of age, gender, and ethnicity were 
eliminated while measuring correlation of weight 
and BMI with lung parameters because subjects 
comprised male with similar age and of similar 
ethnic origin. Nonetheless, the smaller number of 
underweight and overweight subjects is a limitation 
of this study. It would have been better if total lung 
capacity (TLC) and diffusing capacity of lung for 
carbon monoxide (DLCO) could also be measured. 
However, our institution lacked the facility for 
measuring TLC and DLCO and these parameters 
could not be evaluated due to financial restraint.

Conclusion
FVC, FEV1, and PEFR tend to increase while FEV1/
FVC tends to decrease with increase in weight in 
non-obese male. A larger prospective study may 
be undertaken to correlate BMI with pulmonary 
function.

References
1.	 Barud W, Ostrowski S, Wojnicz A, Hanzlik JA, Samulak B, 

Tomaszewski JJ. Evaluation of lung function in male 
population from vocational mining schools of the Lublin Coal 
Basin. Ann Univ Mariae Curie Sklodowska 1991;46:39-43.

2.	 Harik-Khan RI, Wise RA, Fleg JL. The effect of gender on 
the relationship between body fat distribution and lung 
function. J Clin Epidemiol 2001;54:399-406.

3.	 Yap WS, Chan CC, Chan SP, Wang YT. Ethnic differences in 
anthropometry among adult Singaporean Chinese, Malays 
and Indians, and their effects on lung volumes. Respir Med 
2001;95:297-304.

4.	 Schoenberg JB, Beck GJ, Bouhuys A. Growth and decay 
pulmonary function in healthy blacks and whites. Respir 
Physiol 1978;33:367-93.

5.	 Sutherland TJ, McLachlan CR, Sears MR, Poulton R, 
Hancox RJ. The relationship between body fat and respiratory 
function in young adults. Eur Respir J 2016;48:734-47.

6.	 Littleton SW. Impact of obesity on respiratory function. 
Respirology 2012;17:43-9.

7.	 Salome CM, King GG, Berend N. Physiology of obesity and 
effects on lung function. J Appl Physiol 2010;108:206-11.

8.	 Garrow JS, Webster J. Quetelet’s index as a measure of 
fatness. Int J Obes 1985;9:147-53.

9.	 Obesity: Preventing and managing the global epidemic. 
Report of a WHO consultation. World Health Organ Tech 
Rep Ser 2000; 894:i-xii, 1-253.

10.	 Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, 
Coates A, et al. Standardization of spirometry. Eur Respir J 
2005;26:319-38.

11.	 Dockery DW, Ware JH, Ferris BG Jr., Glicksberg DS, Fay ME, 
Spiro A 3rd, et al. Distribution of forced expiratory volume 
in one second and forced vital capacity in healthy, white, 
adult never-smokers in six US cities. Am Rev Respir Dis 
1985;131:511-20.

12.	 Chen Y, Rennie D, Cormier YF, Dosman J. Waist circumference 
is associated with the pulmonary function in normal-weight, 
overweight and obese subjects. Am J Clin Nutr 2007;85:35-9.

13.	 Al Ghobain M. The effect of obesity on spirometry tests 
among healthy non-smoking adults. BMC Pulm Med 
2012;12:10.

14.	 Peng L, Ziliang Y, Haili L, Jingjing L, Liqian H, Jiangu G, 
et al. Association between body mass index (BMI) and vital 
capacity of college students of Zhuang nationality in China: 
A cross-section study. Oncotarget 2017;8:80923-33.

15.	 Devershetty J, Metta S, Uppala S, Kamble G. Effect of obesity 
on pulmonary function tests in apparently healthy young 
women. Int J Med Sci Public Health 2015;4:1519-22.

16.	 Parameswaran K, Todd DC, Soth M. Altered respiratory 
physiology in obesity. Can Respir J 2006;13:203-10.

17.	 Lazarus R, Gore CJ, Booth M, Owen N. Effects of body 
composition and fat distribution on ventilatory function in 
adults. Am J Clin Nutr 1998;68:35-41.

18.	 Azad A, Gharakhanlou R, Niknam A, Ghanbari A. Effects of 
aerobic exercise on lung function in overweight and obese 
students. Tanaffos 2011;10:24-31.

19.	 Ray CS, Sue DY, Bray G, Hansen JE, Wasserman K. Effects 
of obesity on respiratory function. Am Rev Respir Dis 
1983;128:501-6.

20.	 Jones RL, Nzekwu MM. The effects of body mass index on 
lung volumes. Chest 2006;130:827-33.

21.	 Cibella F, Bruno A, Cuttitta G, Bucchieri S, Melis MR, De 
Cantis S, et al. An elevated body mass index increases lung 
volume but reduces airflow in Italian schoolchildren. PLoS 
One 2015;10:e0127154.

22.	 Forno E, Han YY, Mullen J, et al. Overweight, obesity, and lung 
function in children and adults-a meta-analysis. J Allergy 
Clin Immunol Pract 2017. 10.1016/j.jaip.2017.07.010.

Financial Support: None; Conflicts of Interest: None.

How to cite this article: Alam MM, Samui B. Relation 
of Body Weight with Dynamic Lung Parameters in 
Young Healthy Non-obese Adult Male: A Study in 
Eastern India. J Med Sci Health 2021;7(2):74-78

Date of submission: 30-08-2020
Date of review: 25-05-2021
Date of acceptance: 29-05-2021
Date of publication: 10-10-2021


