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ABSTRACT: BACKGROUND: It is well known that exercise has a significant effect on 

respiratory functions. Swimming is considered to be a very good exercise for maintaining 

proper health and also has a profound effect on the lung functions of an individual; the present 

study was carried out in 60 young male adults of Eighteen to Thirty years of age group to assess 

their Anthropometric parameters and Pulmonary Functions METHODS: Thirty male swimmers 

who used to swim for at least two years regularly were compared with age and sex matched 

thirty controls who were not involved in any routine exercise. Lung volumes were recorded by 

Pulmonary Function test machine and analyzed statistically. RESULTS AND CONCLUSION: It 

was found that Lung volumes were higher in swimmers. Swimming exercise affects lung volume 

measurements as respiratory muscles including the diaphragm of swimmers are required to 

develop greater pressure as a consequence of immersion in water during respiratory cycle. This 

may lead to functional improvement in these muscles and also alterations in elasticity of lung 

and chest wall or of ventilatory muscles, leading to an improvement in forced vital capacity and 

other lung functions of swimmers. 
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INTRODUCTION: Regular exercise produces many changes in the body that result with the 

lungs being able to function more positively. Swimming strengthens the body, helps relax the 

mind, regulates breathing, stimulates circulation and helps improve lung capacity. Unlike 

specific weight training exercises or running, swimming benefits the upper body, torso and legs 

together and it will improve general strength, lung capacity, stamina and cardiovascular fitness. 

It is well known that swimming has a significant effect on respiratory functions [1, 2 3]. It is an 

aerobic exercise that helps the lungs to use oxygen efficiently. Aerobic exercise helps large 

muscle groups and elevates heart rate, which makes your lungs work efficiently. The purpose of 

choosing swimmers instead of any other sportspersons was that previous studies in this field 

have shown that swimmers have higher values of lung volumes as compared to any other sports 

[4, 5].  

 

AIMS AND OBJECTIVES: The aim of the present study was to investigate and report 

anthropometric parameter and pulmonary functions of swimmers of Indore city and compare 

these values with the pulmonary functions of young healthy adults of same age group not 

routinely engaged in any specific exercise.  
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MATERIALS AND METHODS: The present study was conducted on 30 male swimmers and 30 

male controls in the age groups of 18-30 years. The swimmers were selected from various 

swimming pools from Indore city period. The controls were healthy male medical students, not 

routinely engaged in any specific exercise (n = 30). All the subjects were clinically examined to 

rule out any respiratory disorder. 

The study was approved by the ethical committee of the institution and a written 

informed consent was taken from all the individuals of study and control group in accordance 

with the protocol. 

The pulmonary function tests were recorded with the help of modern computerized 

pulmonary function test machine manufactured by Ganshorn Medizin Electronic (Gmbh) 

Germany. 

 Lung function parameters (Forced Vital capacity, FVC; Tidal volume, TV; Inspiratory 

vital capacity, IVC; Inspiratory reserve volume, IRV; Expiratory reserve volume, ERV; forced 

expiratory volume in first second, FEV1; Peak Expiratory flow rate, PEFR; Maximum Expiratory 

Flow rate, MEFR) were recorded on Spirometer. Measuring scale stand was used for measuring 

height in centimeters. Electronic weighing machine was standardized and used for measuring 

weight in kilograms. 

  An interview schedule was used for all subjects in the study to obtain information 

related to age, socioeconomic status with relevant personal and family history. Kuppuswamy’s 

Socioeconomic Status Scale including criteria like education, occupation, and family income was 

used and accordingly individuals belonging to middle class family on the basis of this scale were 

included. Personal history included diet, addiction if any to smoking, alcoholism or others. 

Height and weight were measured while the subject was standing erect on a plain platform 

without shoes. Every subject was wearing routine outfit while recording the weight. 

 

STATISTICAL ANALYSIS: Done using SPSS software version 21. Statistical calculation was done 

by independent sample‘t’ test. A p value of < 0.05 was considered significant 

 

RESULTS: The measured anthropometric factors (height 176.59 ± 5.69cms, weight  65.63 ± 

8.62kg,and  body surface area 1.80±0.12 m2) were higher  and statistically significant in the 

swimmer than the control groups (169.9 ± 6.09cms,59.73 ± 8.73kg,1.68 ± 0.13 m2 ) respectively 

(p < 0.05, Table 1). 

  The Forced Vital capacity (FVC 4.61± 0.48L)  Inspiratory vital capacity (IVC 4.47± 

0.49L), Inspiratory reserve volume (IRV 2.20 ± 0.46 L), Expiratory reserve volume (ERV 1.67± 

0.31L) , Forced expiratory volume in first second (FEV1 4.16 ± 0.41L/second), Maximum 

Expiratory Flow rate at 25 % of vital capacity (MEF 25 %  2.97 ± 0.76 L/second) ,Maximum 

Expiratory Flow rate at 50 % of vital capacity and (MEF 50 %, 5.85±0.97 L/second ) were higher  

and statistically significant in the swimmer than the control groups( FVC 3.61±0.27 L, IVC 3.46 ± 

0.27L,IRV 1.6 ± 0.33L, ERV 1.32 ± 0.35L, FEV1 3.31 ± 0.26 L/second, (MEF 25 %, 2.46 ± 0.60 

L/second and MEF 50 % 5.26 ± 1.13 L/second) respectively.( p < 0.05, Table 2) 

  Tidal volume (TV 0.77± 0.27L), Maximum Expiratory Flow rate between 25-75 % of vital 

capacity (MEF 25-75 %, 5.14± 0.86 L/second), Maximum Expiratory Flow rate between 75-85 

% of vital capacity(MEF 75-85 %,7.67± 1.42 L/second) and Peak Expiratory flow rate (PEFR 

8.27± 1.23 L/second) were higher but statistically not significant  in swimmer as compared to in 

control group (TV 0.69±0.16 L,  MEF 25-75 %  4.54±0.87 L/second, MEF 75-85 %, 7.10±1.84 

L/second and  PEFR 7.10±1.59 L/second) respectively. 
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The values of FEV1 as percentage of FVC were significantly higher in control group (91.2 ± 5.53 

%) as compared to swimmer (83.81 ± 7.02 %) (p < 0.05, Table 2).  

 

DISCUSSION: The results discussed above clearly indicate that swimmers had higher values of 

lung functions compared to the controls, thereby confirming that regular swimming has a 

facilitating effect on the lungs. Similar results have been obtained by other workers in this field   

[6, 7, 8, 9]. The large metabolic demand of strenuous exercise requires an efficient oxygen 

transport system from the atmosphere to the active tissues. The results of the present study 

support the idea that physical training has a facilitative effect on ventilatory function and 

physically active persons have greater lung function values in comparison to sedentary persons 

[10, 11, 12, 13, 14]. 

 During swimming respiratory muscles including diaphragm of swimmers are required to 

develop greater pressures as a consequence of immersion during the respiratory cycle and this 

may lead to a functional improvement in these muscles. Also possibilities of alterations in 

elasticity of lung and chest wall or of ventilatory muscles cannot be ruled out leading to an 

improvement in FVC and other lung functions of swimmers. [15] 

 Actually, the response to swimming[15] may be expected to be different from the response 

to many other types of man’s activities for the following reasons:   

� Swimming is performed in horizontal position compared to the vertical position in other 

sports. 

� The external pressure is higher as the density of the surrounding medium is higher than that 

of air, which is the usual external medium in other sports. 

� Heat conductance of water is higher than that of air period 

 The ventilation is restricted in every respiratory cycle for one moment or the other, 

producing a condition of intermittent hypoxia. This intermittent hypoxia sets up the anaerobic 

process during swimming. The lactic acid levels in the blood go on rising resulting in “Lactic 

Oxygen deficit” [16]. This leads to the stimulation of the respiratory center in the medulla 

thereby increasing the respiration.     

 Further, the restricted ventilation experienced during swimming leads the swimmer to face 

intermittent hypoxia and this may result in alveolar hyperplasia and thus increased VC and FVC. 

[17]    

  The ability of the individual to inflate and deflate his lungs depends upon the strength of the 

thoracic and abdominal muscles, posture of the individual and the elasticity of the lungs [18]. 

Swimming increases this ability by a number of factors. It involves keeping the head extended 

which is a constant exercise of the Erector Spinae muscles and increases the vertical and antero-

posterior diameter of the lungs as also supra spinatus which increases the antero –posterior 

diameter of the lungs. Besides the Sternocleidomastoid, Trapezius and the diaphragm are being 

constantly exercised. (19)   

 Inspiratory reserve volume reflects muscle strength, thoracic mobility and the balance 

between lung and chest elasticity. The muscles involved are the diaphragm and the accessory 

muscles of respiration. Swimmer has significantly higher IRV than non-swimmers. This can be 

explained on better functions of the inspiratory muscles and improved thoracic mobility.[19] 

According to Kubiak – Janczaruk E et al (2005) the parameters defining inspiratory airflows 

were significantly higher in swimmers who trained regularly for 7-8 years. This finding appears 

to be due to the effect of training on inspiratory muscles.[20] 

 Armour J et al (1993) reported that swimmers had significantly increased total lung 



ORIGINAL ARTICLE 
 

Journal of Evolution of Medical and Dental Sciences/ Volume 2/ Issue 14/ April 8, 2013               Page-2351 

 

capacity, vital capacity, and inspiratory capacity than the elite long distance athletes and elite 

control subjects. They also found that FEV1 was largest in swimmers. They suggest that the 

swimmers may have achieved greater lung volumes than either runner or control subjects not 

because of greater inspiratory muscle strength or differences in height, fat free mass, alveolar 

distensibility, age at commencement of training or sternal length or chest depth, but by 

developing physically wider chests containing an increased number of alveoli, rather than the 

alveoli of increased size. [21]   

When we compared FEV1 as percentage of FVC we found that swimmers have lower 

value than the control group. Similar findings have been obtained by Shapairo and Paterson [22] 

in their studies on U.S. naval divers during rigorous physical training programme designed to 

build endurance. Ekblom and Hermansen [23] have also measured lung volumes in eight top 

athletes belonging to the Swedish National teams and have found lower values. The reason for 

this is that the training of muscles of shoulder girdle leads to an increase in the vital capacity by 

reason of the increased strength of the accessory muscles of inspiration. The change is not 

accompanied by a corresponding increase in the forced expiratory volume, so the proportion of 

the forced vital capacity  which these subjects can expire in first second, tends to be relatively 

low [24]. 

 

SUMMARY AND CONCLUSIONS: Within the limitation of our study we can conclude that 

swimming is the best exercise for the respiratory system. Such a helpful exercise in milder form 

might help in rehabilitation of patients with compromised lung functions.  
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Table 1. COMPARISON OF ANTHROPOMETRIC FACTOR 

Anthropometric factors    Study group (n = 30) 

 Mean ± S.D 

Control group  

(n = 30) 

Mean ± S.D 

p Value RESULT 

Age (years)  21.29± 3.33  21.4 ± 3.20  0.905 Non- significant 

Height (cms)  176.59± 5.69 169.9 ± 6.09  0.000 significant 

BSA (m2)  1.80 ± 0.12 1.68 ± 0.13  0.001 significant 

Weight (kg)  65.63± 8.62 59.73 ± 8.73  0.013 significant 

Abbreviations: Body Surface Area, BSA 

 The mean difference is significant at < .05 levels 

Table 2.COMPARISON OF LUNG FUNCTION PARAMETERS IN STUDY AND CONTROL GROUP 

Lung function parameters 

 

Study group 

   (n = 30) 

Mean ±  S.D 

Control group 

   (n = 30) 

Mean  ±  S.D 

 

p Value 

Results 

Inspiratory vital 

capacity (litres) 
4.47± 0.49 3.46 ± 0.27 0 

Significant 

Inspiratory reserve 

volume (litres) 
2.20± 0.46 1.6 ± 0.33 0 

significant 

Expiratory reserve 

volume (litres) 
1.67± 0.31 1.32 ± 0.35 0.00 

 

significant 

Tidal volume (litres) 0.77± 0.27 0.69 ± 0.16 0.82 Non- Significant 

FVC (litres) 4.61± 0.48  3.61 ± 0.27 0 Significant 

FEV1(litres)  4.16± 0.41  3.31 ± 0.26 0 Significant 

FEV1/FVC % 83.81± 7.02 91.2 ± 5.53 0.83 Non- Significant 

MEF 25-75 %  5.14± 0.86 4.54 ± 0.87 0.60 Non- significant 

MEF 25 % 2.97± 0.76 2.46 ± 0.60 0.02 significant 

MEF 50 % 5.85± 0.97 5.26 ± 1.13 0.00 significant 

MEF 75-85 % 7.67± 1.42 7.10 ± 1.84 0.64 Non- significant 

PEFR 8.27± 1.23 7.60 ± 1.67 0.41 Non- significant 

 

The mean difference is significant at < .05 levels 

 


