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Background: Pulmonary function tests are getting increased favour not only of industrial 
physiologists but also of practicing physicians. Obesity is a major health concern facing today’s 
society. This study has looked into a possible role of obesity in the aetiology of mortality, with 
decreased pulmonary functions resulting in cardiovascular disease. Methods: Pulmonary function 
tests (PFTs) of normal healthy obese children of Amritsar population in age group ranging 10–15 
years were performed on a spirometer and compared with normal children of the same age group. All 
tests were performed at the same time of the day in all subjects. Results: There were insignificant 
changes in FVC, FEV1 and FEV1/FVC among obese children when compared to non-obese children 
of the same age group. There was significant decline in PEF and FEV25–75 among obese children 
compared to non-obese children of the particular age group. Conclusion: There are not much 
significant changes of spirometric values in obesity in FVC, FEV1 and its ratio. However PEF and 
FEV25–75 showed significant decline in obesity. 
Keywords: Obesity, pulmonary function tests, respiration, spirometry, spirometer, children 

Pak J Physiol 2015;11(3):25–8 

INTRODUCTION 
Obesity may affect respiratory functions in a number 
of ways.1 In obese children, the presence of adipose 
tissue around the rib cage , abdomen and in the 
visceral cavity loads the chest wall and reduces 
pulmonary functions.2 Body mass is modulated from 
birth to adulthood by physiological mechanisms such 
as balancing intake, caloric expenditure and energy 
reserves. Hypercaloric diets and sedentary lifestyle 
have resulted in the development of obesity in younger 
populations.3 In Brazil, the prevalence of obesity is 
greater than 30% among children 5–9 years of age and 
is almost 20% in children 10–19 years of age.4 

Carbon dioxide production increases as a 
result of increased body weight. Obese subjects 
consume approximately 25% more oxygen than non-
obese subjects at rest.5 Severely obese patients are 
often hypoxemic, especially in the supine position.6 
The increased lung and respiratory system resistance in 
obesity reduces lung volume.7–9 

The cause of decline of various respiratory 
parameters in obesity in adults may be due to decrease 
in distensibility of chest wall and is also the cause for 
the alterations in ventilatory volume and flow.10 This 
may reflect extrinsic mechanical compression on the 
lung and thorax and intrinsic changes within the lung 
in the form of deranged pulmonary function tests, 
modifying airway smooth muscle function by obesity 
related changes in lungs, chronic systemic 
inflammation (including increased serum levels of 
inflammatory cytokines and chemokines) and 
adipocyte derived factors including leptin, adiponectin 
and plasminogen activator inhibitor.11–13 

Pulmonary function tests provide an 
assessment of respiratory system in terms of its volumes 
and flow rates. Pulmonary function tests in health are 
influenced by a number of factors but obesity is 
considered to be commonest and worst offender which 
alters relationship between lungs, chest wall and 
diaphragm leading to profound alterations in pulmonary 
function values which can be assessed by spirometry.14 

Spirometric investigation is seen as a gold 
standard for diagnosing airway obstruction. Therefore 
spirometry is a quality standard in general practice.15,16 
The aim of our study was to determine the predominant 
pulmonary function tests in obese, and normal healthy 
children of Amritsar aged 10–15 years and to assess the 
correlation and comparison of pulmonary functions 
amongst them. 

SUBJECTS AND METHODS 
The study was approved by the local ethics committee. 
Informed written consent was obtained from the 
subjects themselves (if they were older than 12) and 
from their parents. A total of 150 children aged 10–15 
years were included in the study from population of 
Amritsar by convenience sampling, and were arranged 
into 3 groups of 50 subjects in each group. Group A 
comprised of 50 non-obese normal healthy children 
aged 10–15 years. Group B comprised of 50 obese 
children aged 10–15 years. Group C comprised of 50 
morbidly obese children aged 10–15 years. The 
ventilatory function tests were done on a computerised 
spirometer in standing posture. Subjects with history of 
smoking, chronic cough, recurrent respiratory tract 
infection, history of chest or spinal deformity, personal 
history of asthma, chronic obstructive lung diseases 
were excluded from the study. 



Pak J Physiol 2015;11(3) 

http://www.pps.org.pk/PJP/11-3/Shashi.pdf  26

Brief history was recorded and physical 
examination was done. Obesity was assessed from Body 
Mass Index (BMI). A child with a BMI in the 95th 
percentile or greater was considered to be obese and 
greater than 97th percentile was considered morbidly 
obese.17,18 The BMI values of the patients in the study 
were compared with age and sex-specific percentile 
values from the second National Health and Nutrition 
Examination Survey (NHANES II)19,20 values for 
individuals in the wide age range. The parameters 
recorded were FVC, FEV1, FEV1/FVC, FEV25–75, and 
PEF. The anthropometric measurements were taken on 
each subject using standard methodology. Statistical 
analysis was done for all parameters, paired sample t-
test was used and p<0.05 was considered significant. 
Mean±SD were calculated. 

RESULTS 
The results are presented in Table-1. Average of basal 
FVC, FEV1, FEV1/FVC, PEF, and FEF25–75 values, 
represented as percent of predicted values, were lower in 
the study groups B and C compared with control group 
A. There were no statistically significant changes 
(p>0.05) in FVC, and FEV1 in group B when compared 
with group A. FEV1/FVC ratio showed insignificant 
changes (p>0.05) when group A was compared to group 
B and C. On the other hand, PEF and FEV25–75 showed 
significant (p<0.001) decline in group B and C when 
compared to group A. 

There were no significant differences between 
group B and C, and between males and females within 
the same groups. 

Table-1: Pulmonary function tests of control, obese and morbidly obese children (Mean±SD, % of Predicted) 
Parameters Group A (n=50) Group B (n=50) Group C (n=50) t p 
FVC 92.1±13.4 91.4±10.5 91.9±12.4 1.402 0.211 
FEV1 100.2±10.8 96.7±9.8 95.6±11.3 2.699 0.051 
FEV1/FVC 101.8±10.9 96.4±10.2 99.7±9.5 2.199 0.082 
PEF 84.1±12 72.9±12.6 74.8±10.5 9.594 <0.001 
FEV25–75 119.1±22.3 97.4±21.8 99.9±20.6 8.234 <0.001 

 

DISCUSSION 
Many studies have demonstrated an association between 
obesity and ventilatory dysfunctions in adults. However, 
investigations into this issue in childhood are limited.21 
We selected the age range 10–15 years because in 
Amritsar, this age group people have careless food 
habits and are fond of inappropriate intake of rich 
caloric junk food along with automated working profile 
and sedentary lifestyle, and hence are more prone to 
obesity. 

Chaussain et al22, in their study of 39 obese 
children, reported that vital capacity which reflects lung 
compliance and resistance, and residual volume were 
similar to those of the control group. Bosisio et al23 in 
their study of 23 obese children also found lung 
volumes to be within the normal range. Our results 
revealed that FEV1, FVC and FEV1/FVC% were similar 
to those of the control group. Similar studies in children 
report reduced functional residual capacity and static 
lung volumes. Inselman et al12 and Mallory et al24 found 
reduction in diffusing lung capacity to be common 
among the obese children they studied. They suggested 
that reductions in diffusing lung capacity seen in 
children may influence structural changes in the lung 
resulting in decreased alveolar surface area. It is also 
possible that conventional respiratory function tests are 
only affected in extreme cases and mildly affected in 
obese. It may depend upon different levels of obesity. 
Ray et al25 stressed that total lung capacity and vital 
capacity may be reduced only in morbidly obese 
individuals. 

Changes in FEV1, FVC and FEV1/FVC in 
pulmonary function tests reflect obstructive disease. 
Although in the present study, FEV1, FVC, and 
FEV1/FVC values were lower in obese and morbidly 
obese subjects, the difference were not statistically 
significant. It was also found that the obese and 
morbidly obese children had no obstructive impairment 
compared to controls. 

The FEV25–75 and PEF values in our study 
were found to be reduced in obese and morbidly obese 
children compared to controls which is similar to the 
study by Torun et al.26 This could be explained by 
limited airflow related to decreased inspiratory pressure 
and flow as well as reduced respiratory strength of 
muscle. The extrinsic mechanical compression on the 
lung and thorax might also be the leading mechanism of 
a decreased FEV25–75 in our study. 

Because the PEF is limited by force-velocity 
characteristics of expiratory muscles instead of 
mechanical properties of the lung and airways, 
insufficient force would lead to flow limitation. In 
studies conducted on adults, a change in body mass of 1 
Kg was on an average associated with a mean converse 
change of 21.1 ml in FVC.27 Similarly in the adults, the 
spirometric parameters revealed a variable reduction 
with the increased degree of obesity. Weight loss 
appeared to be capable of reducing the decline of lung 
functions linked to obesity.28 Inselman et al12 found a 
reduced diffusion capacity and ventilatory muscle 
endurance among obese children. Marcus et al29 found 
both restrictive and obstructive abnormalities on 
pulmonary function tests in obese children. Mallory et 
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al24 reported that obstructive abnormalities were the 
main problem in obese children. Li et al30 found that 
reduction in the functional residual capacity and a 
diffusion impairment in obese adolescents correlated to 
the degree of obesity. Paralikar et al31 reported a 
strongly negative correlation between the FEV1/FVC, 
maximum voluntary ventilation, and FEF25–75 with body 
weight, BMI, waist circumference, hip circumference, 
and waist-to-hip ratio in obese and non-obese boys. The 
observations by Sri Nageswari et al32 were similar in a 
group of obese children of mixed socioeconomic 
backgrounds. They believed that obesity is characterised 
by a decrease in chest wall compliance due to an 
increased amount of adipose tissue around the chest and 
abdomen, which decreases the pulmonary functions in 
these children. In our study, there are not much 
significant changes in spirometric values (FVC, FEV, 
and its ratio) in obesity. However PEF and FEV25–75 
showed significant decline. FVC decrease with weight 
gain was observed in a six year follow-up study by 
Chinn et al.33 In a study by Chen et al34, significant 
directly proportional relationship between BMI and vital 
capacity was also noted. The significant decrease in 
FVC may be due to elevated diaphragm, mediastinal fat 
deposition, interfering with the movements of the chest, 
decreased compliance and marked thoracic kyphosis. In 
another study35, 10 Kg increase in weight induced an 
additional 51 ml fall in FEV1 in adult women. 

Although spirometric values are usually 
normal in patients who are obese, there may be a mild 
reduction in vital capacity and a proportionate reduction 
in FEV1, depending upon the age, type of body fat 
distribution (with central fat distribution having a 
relatively greater effect), and severity of obesity. 
According to a study by Joshi et al36, in children 
percentage of body fat showed negative correlation with 
FVC and FEV1. These results indicate that increase in 
percentage of body fat and central pattern of fat 
distribution may affect the pulmonary function tests. 
According to Singh et al37 overweight and obese 
children showed 13–44% reduction in FVC and 20–
46% reduction in FEV1 depending upon their degree of 
obesity. 

The FEV1/FVC ratio is usually well preserved 
or increased even in morbid obesity indicating that both 
FEV1 and FVC are affected to the same extent. This 
finding implies that the major effect of obesity is on 
lung volumes, with no direct effect on airway 
obstruction.2 The decrease in various lung function 
parameters in obesity have been described by various 
scientists through different mechanisms. The 
accumulation of fat may mechanically affect the 
expansion of the diaphragm.38 Low FEV1 and FVC 
values suggest restrictive lung pattern among obese 
persons.39 Fat deposits between the muscles and the ribs 
may also decrease chest wall compliance thereby 

increasing the metabolic demands and workload of 
breathing in the obese individuals even at rest.40 

CONCLUSION 
Obesity significantly affects the pulmonary functions in 
both adults and children. The cause of decline of various 
respiratory functions in obesity may be due to limited 
expansion of thoracic cavity which causes reduced 
ventilatory volume and total lung capacity. These 
hazardous effects of obesity might be reversible and 
weight loss could improve lung functions. 

ACKNOWLEDGEMENTS 
Authors are grateful to the staff of Department of 
Paediatrics, Govt medical college, Amritsar, for helping 
us in experimental study. 

REFERENCES 
1. Mahajan S, Arora AK, Gupta P. Correlation of obesity and 

pulmonary functions in Punjabi adults. Pak J Physiol 
2012;8(2):6–9. 

2. Salome CM, Gregory G. Berend N. Physiology of obesity and 
effects on lung function. J App Physiol 2010;108(1):206–11. 

3. Ferreira MS, Mendes RT, de Lima Marson FA, Zambon MP, 
Paschoal IA, Toro AA, et al. The relationship between physical 
functional capacity and lung function in obese children and 
adolescents. BMC Pulm Med 2014;14:199. 

4. Instituto Brasileiro de Geografia e Estatística (IBGE) [Brazilian 
Institute of Geography and Statistics]: Pesquisa de Orçamentos 
Familiares 2008–2009 –Antropometria e estado nutricional de 
crianças, adolescentes e adultos. Rio de Janeiro: IBGE (Brazilian 
Institute of Geography and Statistics); 2010. 

5. El Solh AA, Jaafar W. A comparative study of the complications 
of surgical tracheostomy in morbidly obese critically-ill patients. 
Critical Care 2007;11:R3. 

6. Darrat I, Yaremchuk K. Early mortality rate of morbidly obese 
patients after tracheostomy. Laryngoscope 2008;118:2125–8. 

7. Sin DD, Jones RL, Man SF. Obesity is a risk factor for dyspnea but 
not for airflow obstruction. Arch Intern Med 2002;162:1477–81. 

8. Jones RL, Nzekwu MU. The effects of body mass index on lung 
volumes. Chest 2006;130:827–33. 

9. Collins LC, Hobert PD, Walker JF. The effect of body fat 
distribution on pulmonary function tests. Chest 1995;107:1298–
302. 

10. Pankow W, Podszus T, Gutheil T. Expiratory flow limitation and 
intrinsic positive end expiratory pressure in obesity. J Appl 
Physiol 1998;85:1236–43. 

11. Bossino E, Sergi M, Natale B. Ventilatory volumes, flow rates, 
transfer factor and its components in obese adults and children. 
Respiration 1984;45:321–6. 

12. Inselman LS, Milanese A, Deurloo A. Effect of obesity on 
pulmonary function in children. Pediatr Pulmonol 1993;16:130–7. 

13. Shore SA, Fredberg JJ. Obesity, smooth muscle, airway 
hyperresponsiveness. J Allergy Clin Immunol 2005;115(5):925–7. 

14. Singh SK, Nishith DS, Tandon GS, Shukla N, Sexena SK. Some 
observations of pulmonary function tests in rice mill workers. Ind 
J Physiol Pharmacol 1988;32(2):152–7. 

15. Schneider A, Gindner L, Tilemann L, Schermer T, Dinant GJ, 
Meyer FJ. Diagnostic accuracy of spirometry in primary care. 
BMC Pul Med 2009;9:31. 

16. Bateman ED, Hurd SS, Barnes PJ, Bousquet J, Drazen JM, 
FitzGerald M, et al. Global strategy for asthma management and 
prevention: GINA executive summary. Eur Respir J 
2008;31(1):143–78. 

17. Barlow SE. Expert committee recommendations regarding the 
prevention, assessment, and treatment of child and adolescent 



Pak J Physiol 2015;11(3) 

http://www.pps.org.pk/PJP/11-3/Shashi.pdf  28

overweight and obesity: summary report. Pediatrics 
2007;120:164–92. 

18. Kelly AS, Barlow SE, Rao G, Inge TH, Hayman LL, Steinberger 
J, et al. Severe obesity in children and adolescents: Identification, 
associated health risks, and treatment approaches: A scientific 
statement from the American Hearth Association. Circulation 
2013;128:1689–712. 

19. Luder E, Melnik TA, DiMaio M. Association of being 
overweight with greater asthma symptoms in inner city black and 
Hispanic children. J Pediatr 1998;132:699–703. 

20. Centers for Disease Control and Prevention, Department of 
Health and Human Services. First National Health and 
Nutritional Examination Survey (NHANES II) public-use data 
files. Available from: http://cdc.gov/nchs/products/catologs/ 
subject/nhanesii.htm 

21. Boran P, Tokuc G, Pisgin B, Oktem S, Yegin Z, Bostan O. 
Impact of obesity on ventilatory function. J Pediatr (Rio J) 
2007;83(2):171–6. 

22. Chaussain M, Gamain B, La Torre AM, Vaida P, de Lattre J. 
Respiratory function at rest in obese children. Bull Eur 
Phsiopathol Respir 1977;13:599–609. 

23. Bosisio E, Sergi M, di Natale B, Chiumello G. Ventilatory 
volume flow rates, transfer factor and its components (membrane 
component, capillary volume) in obese adults and children. 
Respiration 1984;45:321–6. 

24. Mallory GB Jr, Fiser DH, Jackson R. Sleep associated breathing 
disorders in morbidly obese children and adolescents. J Pediatr 
1989;115:892–7. 

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

26. Torun E, Cakir E, Ozguç F, Tolga I. The effect of obesity degree 
on childhood pulmonary function tests. Balkan Med J 
2014;31(3):235–8. 

27. Lazarus R, Sparrow D, Weiss ST. Effects of obesity and fat 
distribution on ventilation function: The normative aging study. 
Chest 1997;111:891–8. 

28. Chinn DJ, Cotes JE, Reed JW. Longitudinal effects of change in 
body mass on measurements of ventilatory capacity. Thorax 
1996;51:699–704. 

29. Marcus CL, Curtis S, Koerner CB, Joffe A, Serwint JR, Loughlin 
GM. Evaluation of pulmonary function and polysomnography in 
obese children and adolescents. Pediatr Pulmonol 1996;21:176–83. 

30. Li AM, Chan D, Wong E, Yin J, Nelson EAS, Fok TF. The 
effects of obesity on pulmonary function. Arch Dis Child 
2003;88:361–3. 

31. Paralikar SJ, Kathrotia RG, Pathak NR, Jani MB. Assessment of 
pulmonary functions in obese adolescent boys. Lung India 
2012;29:236–40. 

32. Sri Nageshwari K, Sharma R, Kohli DR. Assessment of 
respiratory and sympathetic cardiovascular parameters in obese 
school children. Indian J Physiol Pharmacol 2007;51:235–43. 

33. Chinn DJ, Cotes JE, Reed JW. Longitudinal effects of change in 
body mass on measurements of ventilatory capacity. Thorax 
1996;51:699–704. 

34. Chen Y. Pulmonary complications of obesity: A review. Am J 
Med Sci 2001;321:249–79. 

35. Jones RL, Nzekwu MM. The effects of body mass index on lung 
volumes. Chest 2006;130(3):827–33. 

36. Joshi AR, Singh R, Joshi AR. Correlation of pulmonary function 
tests with body fat percentage in young individuals. Indian J 
Physiol Pharmacol 2008;52(4):383–8. 

37. Singh G, Kaur K, Singh KD. Effect of obesity on pulmonary 
function tests in overweight and obese children. Pediatric Chest 
Disease II 2009. http://chestjournal.chestpubs.org/site/misc/ 
terms.xhtml. [Accessed: 3 Jan 2012] 

38. Oriel EJ, Vasavada JP, Khanijo SK, Agarwal RC, Bisarya BN, 
Agarwal RL. Observations on pulmonary functions in obesity. 
Indian J Chest Dis Allied Sci 1979;21(2):73–9. 

39. Biring MS, Lewis MI, Liv JT. Pulmonary physiological changes 
of morbid obesity. Am J Med Sci 1999;318:293–7. 

40. Zerah F, Harf A, Perlemuter L. Effects of obesity on respiratory 
resistance. Chest 1993;103:1470–6. 

Address for Correspondence: 
Dr Shashi Mahajan, 21-Prince Avenue, Amritsar-143001, India. Tel: +91-98 55 203124 
Email: shashimahajan17@gmail.com 


