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ABSTRACT: As body mass index (BMI) and waist hip ratio (WHR) are indices of obesity and as obesity is 
known to reduce flow rates, an attempt had been made to correlate these indices with peak expiratory flow rate 

(PEFR) and see whether there is any gender difference in this.  40 males and 40 females in the age group of 18 

to 22 years participated in this study in which 20 were obese and another 20 were non obese. Anthropometric 

parameters were recorded from which BMI and WHR were calculated and PEFR was recorded by using peak 
flow meter. The data were analysed in SPSS 17.0 using Student ’t’ test. Our results revealed that PEFR was 

significantly lower in obese males (p < 0.003) but not in obese females (p <0.2) when compared to their non-

obese counterparts. And in males, PEFR was negatively correlated with BMI (p < 0.002, r=0.470) but not with 

WHR. In females there was no correlation of PEFR with either BMI or WHR.  This may be because of the 

gender difference in fat distribution - males having central distribution which may reduce compliance and 

PEFR whereas females having peripheral distribution which may not affect the compliance and PEFR. 
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I. INTRODUCTION 

Obesity has become one of the major health issues in India. The English word „obesity‟ is derived from 

the Latin word „obesus‟ meaning fat or plump. WHO defines obesity as “A condition with excessive fat 

accumulation in the body to the extent that the health and wellbeing are adversely affected” [1]. Obesity results 

from a complex interaction of genetic, behavioral, environmental and socioeconomic factors causing an 

imbalance in energy production and expenditure [2] 

Obese or overweight persons are likely to have extra body fat which may show variations in regional 

distribution [3] and these people are considered as patients, not because of their fat content, but because of the 

development of obesity-related morbidities such as cancer, cardiovascular, endocrine and rheumatologic 

diseases, sleep related disorders etc [4]. Weight and body mass index (BMI) are used as the measures of overall 
adiposity whereas waist hip ratio (WHR) and waist circumference (WC) are used as the measures for abdominal 

obesity [5]. Overall adiposity is considered as predictors of pulmonary functional status [6] whereas the 

abdominal obesity is believed to influence the pulmonary function mechanically by changing lung compliance, 

work of breathing and the elastic recoil [7, 8, 9, 10]. 

Lot of studies had been done on various types of obesity-induced dysfunctions, disorders and diseases. 

However, its impact on the pulmonary functional status is less explored. Available literature is also confusing 

with the controversial reports on the obesity and its effect on pulmonary functions. Gibson et al and Rubinstein 

et al., stated that obesity impairs the respiratory functions by inducing airway hyper-responsiveness in adults 

[11, 12], whereas Young et al linked it with the development of asthma [13]. However, Schachter et al 

contradicted these statements stating that obesity had no role to play in respiratory impairment [14]. And also, 

most of the obesity and pulmonary function-related studies had been conducted in the youngsters with the age 
group   of 5 to 16 ye ars or in the older people above 50 years of age [15]. But the age group of 16 to 25 years is 

the crucial adolescent age that is highly susceptible for obesity and surprisingly, this group was least targeted in 

such type of studies. Moreover, as the pattern of fat distribution is different in males and females, it is 

worthwhile to see whether this has got any impact on lung functions, making it different in the obese males and 

obese females. Thus, the present study was undertaken to assesses and correlate the obesity and pulmonary 

functional status in obese and non-obese male and female subjects. Pulmonary functional status was assessed by 

recording peak expiratory flow rate (PEFR). PEFR was selected because it is widely accepted as a reliable 
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parameter of pulmonary functions and is simple to perform as a bed-side test. Hadorn introduced PEFR in 1942 

and it was accepted as a parameter of pulmonary function test (PFT) in 1949 [16, 17, 18, 19] 

 

II. OBJECTIVES 

Thus the objectives of the present study were to 

a. measure the anthropometric variables viz., age, height (HT), weight (WT), waist circumference (WC), 

hip circumference (HC) and calculate body mass index (BMI) ) and waist-hip ratio (WHR) 

b. record peak expiratory flow rate (PEFR) 

c. correlate PEFR with BMI and WHR 

d. compare the impact of obesity on PEFR between males and females   

  

III. MATERIALS AND METHODS 
80 normal subjects in the age group of 19 to 22 years (40 young adult males and 40 young adult 

females) were recruited from the student population of SRM University in Chennai. All were healthy subjects 

without any medical illness likecardio-respiratory and neurological diseases or endocrinal and allergic disorders 

and none of them were on medication for any ailments. Subjects with the habit of smoking and alcohol 

consumption were also not included in the study.  

Ethical clearance was obtained from the Institutional Ethical Committee and informed consent was obtained 

from all the subjects after explaining the procedure thoroughly and giving the assurance that they could 

withdraw from the study whenever they wanted. Measurements were done in the forenoon (in order to overcome 

the circadian effects) between 9 and 11 AM in the department of Physiology, SRM Medical College Hospital & 

Research Center.  Anthropometric parameters (age, HT, WT, WC and HC) were recorded and BMI was 

calculatedby using the following formula - BMI = Weight in Kg / Height in m2 

WC measurement was done in erect posture with the feet apart by 25 to 30 cm on light clothing, using 

a measuring tape at the level of umbilicus.HCwas measured at the widest part of the buttockswith the legs and 
feet together. From these values WHR was calculated whichindicates the central pattern of fat distribution. 

PEFR was measured in MICROPEAK peak flow meter. (Range: 60 - 900 L/min; Scale Increments: 10 

L/min; Accuracy: < +/- 10%; Repeatability: < +/- 5%) in the standing posture. The subjects were instructed to 

take maximum inspiration and blow into the mouthpiece as rapidly, forcefully and completely as possible. They 

were trained well to blow into the instrument maintaining a tight sealing between the lips and mouthpiece of the 

peak flow meter. Three measurements were obtained consecutively from the subjects at about two minute 

intervals and the best of three values was taken into account. 

3.1. Categorizing the subjects: 

The subjects were categorised into 4 divisions (20 in each) based on their gender and BMI: obese 

males, non-obese males, obese females and non-obese females. Obesity status was determined based on their 

calculated BMI. Those with BMI ≥ 25 kg/m2 were categorized as obese subjects and those with BMI between 

18.5 to 22.9 Kg/m2 were categorized as non-obese subjects. 

3. 2. Statistical analysis 

Data were analysed in SPSS, 17th version.  Student t-test was applied to compare the values between 

obese and non-obese males and females. The Pearson‟s correlation was used to show the relationship between 
BMI and PEFR and between WHR and PEFR. Significance level was fixed at p < 0.05 and the significant range 

of correlation analysis was -1< r < 1.  

IV. RESULTS 

4. 1. Between obese and non-obese males: 

There was no significant difference in the age and height of obese and non-obese males. The other 

parameters, viz., weight, BMI, WC, HC and WHR were significantly more in obese males than the non-obese 

males (p < 0.000). However, PEFR was significantly less in obese males than in non-obese males (p < 0.003) 

(Table 2) 

 

4. 2. Between obese and non-obese females: 

Obese and non-obese females also did not show any significant difference in age and height. Other 

parameters viz., weight, BMI, WC and HC were significantly more in obese females than in non-obese females. 

However, WHR and PEFR did not show any significant difference between these two groups (Table 3). 

Table 2. Differences in anthropometric variables and PEFR between obese and non-obese males 
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Table 1. Mean values of Anthropometric parameters and PEFR in obese and non-obese groups 

Values are expressed as Mean ± SD.  

 

4.3. Between obese males and females: 

Age, BMI and HC did not show any significant difference between the obese males and females. 

Height, weight and WC were more in obese males than in obese females and the differences were highly 
significant (p < 0.000). WHR and PEFR were also more in obese males (p < 0.050 and 0.036) than in obese 

females but significance was less (Table 4) 

           Table 2. Differences in anthropometric variables and PEFR between obese and non-obese males 

 

 

 

 

 
 

 

   

   

 

 

 

 

 

 

                          Values are expressed as Mean ± SE 
                         Significance is shown as * 

 

4. 5. Between obese males and females: 

Age, BMI and HC did not show any significant difference between the obese males and females. Height, 

weight and WC were more in obese males than in obese females and the differences were highly significant (p < 

0.000). WHR and PEFR were also more in obese males (p < 0.050 and 0.036) than in obese females but 

significance was less (Table 4) 

 

4. 6. Between non-obese males and females: 

There was no significant difference in WC, HC, and WHR between the non-obese males and non-obese 

females. Age and BMI were slightly less in non-obese males than in their female counterparts but it was not 

statistically significant. However, HT, WT and PEFR were significantly high in non-obese males than in non-
obese females (Table 5)   

 

Variable 0bese males 
Non-obese 

males 
Obese females 

Non-obese 

females 

Age (years) 19.30 ± 1.46 19.40 ± 1.60 19.85 ± 1.66 19.70 ± 1.69 

Height (cm) 172.02± 7.69 170.13 ± 7.84 156.05 ± 5.62 154.03 ± 5.62 

Weight (kg) 89.90 ±  12.28 60.75 ± 8.75 71.40 ± 10.34 50.65 ± 4.65 

Body mass index (kg/m
2
) 30.35 ± 3.58 20.86 ± 1.49 29.27 ± 3.66 21.31 ± 1.13 

Waist  circumference (cm) 99.10 ±7.62 73.83 ± 6.46 86.65 ± 7.77 71.65 ± 8.40 

Hip circumference (cm) 107.79 ± 10.83 91.35 ± 9.24 101.90 ± 13.39 88.40 ± 8.73 

Waist-hip ratio 0.91 ± 0.08 0.81 ± 0.05 0.86 ± 0.09 0.81 ± 0.09 

Peak expiratory flow rate 

(L/min) 
457.00 ± 63.92 523.50 ± 64.83 424.00 ± 23.26 428.00 ± 25.67 

Variable 
Difference between 

obese and non-obese males 

Significance 

 

Age (years) - 0.10 ± 0.36 0.781 

Height (cm) 1.89 ± 2.13 0.387 

Weight (kg) 29.15 ± 3.12 0.000* 

Body mass index (kg/m
2
) 9.49 ± 0.91 0.000* 

Waist  circumference (cm) 25.26 ± 2.04 0.000* 

Hip circumference (cm) 16.44 ± 3.23 0.000* 

Waist-hip ratio 0.10 ± 0.02 0.000* 

Peak expiratory flow rate (L) - 66.58 ± 19.32 0.003* 
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Table 3. Differences in anthropometric variables and PEFR between obese and non-obese females  

 

 

 

 

 
 

 

 

 

  

 

 

 

 

 

                            Values are expressed as Mean ± SE                                                                                             
                             Significance is shown as * 
 

Table 4. Differences in anthropometric variables and PEFR between obese males and females 

 

 
 

 

 

 

 

 

 

 

 

 

 
                               

 

                            Values are  expressed as Mean ± SE  

                            Significance is shown as * 

 

Table 5. Differences in anthropometric variables and PEFR between non-obese males and females 

 

 

 

 

 

 
 

 

 

 

  

 

 

 

  

                          Values are expressed as Mean ± SE 

             Significance is shown as * 
 

 

Variable Difference between 

obese and non-obese females 

Significance 

 Age (years) 0.15 ± 0.55 0.788 

Height (cm) 2.03 ± 1.81 0.276 

Weight (kg) 20.75 ± 2.99 0.000* 

Body mass index 7.96 ± 0.91 0.000* 

Waist  circumference (cm) 15.00 ± 2.69 0.000* 

Hip circumference (cm) 13.50 ± 3.44 0.001* 

Waist-hip ratio 0.45 ±0.03 0.177 

Peak expiratory flow rate (L) -4.00 ± 8.16 0.629 

Variable Difference between 

obese males and females 

Significance 

 Age (years) - 0.55 ± 0.49 0.273 

Height (cm) 15.95 ± 2.00 0.000* 

Weight (kg) 18.50 ± 3.59 0.000* 

Body mass index 1.08 ± 1.15 0.353 

Waist  circumference (cm) 12.45 ± 2.43 0.000* 

Hip circumference (cm) 5.89 ± 3.85 0.134 

Waist-hip ratio 0.06 ± 0.03 0.050* 

Peak expiratory flow rate (L) 33.00 ± 15.21 0.036* 

Variable Difference between 

obese and non-obese males 

Significance 

Age (years) - 0.55 ± 0.49 0.273 

Height (cm) 15.95 ± 2.00 0.000* 

Weight (kg) 18.50 ± 3.59 0.000* 

Body mass index 1.08 ± 1.15 0.353 

Waist  circumference (cm) 12.45 ± 2.43 0.000* 

Hip circumference (cm) 5.89 ± 3.85 0.134 

Waist-hip ratio 0.06 ± 0.03 0.050* 

Peak expiratory flow rate (L) 33.00 ± 15.21 0.036* 
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4. 7. The Pearson’s correlation of PEFR with BMI and WHR:  

In males: There was a strong negative correlation between BMI and PEFR (p < 0.002, r value –

0.470).However, WHR and PEFR did not show any significant correlation (p < 0.456, r value –0.121) (Table 6) 

(Fig.1 and 3), In females: There was no correlation of PEFR with either BMI or WHR in females (Table 6) 

(Fig.2 and 4). 

Table 6. Correlation of PEFR with BMI and WHR in males and females 

 
 

 

 

 

 

 

 

                              Numbers in parenthesis indicate the number of subjects 

         Significance is indicated by * 

 

Fig 1.Correlation between BMI and PEFR in40 males 

 
 

Fig 2: Correlation between BMI and PEFR in 40females 

 
 

Fig 3.Correlation between BMI and PEFR in 40 males 

 
 

Fig 4: Correlation between WHR and PEFR in 40 females 

Gender  Correlation between  p < r value 

Males (40) BMI and PEFR 0.002* - 0.470 

WHR and PEFR 0.456 0.121 

Females (40) BMI and PEFR 0.677 - 0.048 

WHR and PEFR 0.766 0.070 
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V. DISCUSSION 
The results of the present study imply that obesity detriments the lung functions in obese males 

compared to the non-obese males as revealed by the decreased PEFR. Various mechanisms were speculated for 

this negative correlation between BMI and PEFR in obese males. According to Naimark A et al. the compliance 

of the lung and thoracic cavity was reduced to one third of the normal lung compliance due to obesity-induced 

increase in pulmonary blood volume and closure of dependent airways. The compliance of the thoracic cavity 

was decreased also because of excess truncal fat [20]. 

Rochester et al. is of the opinion that obesity reduces the strength and endurance of the respiratory 

muscles, especially diaphragm, making the contraction inefficient; this statement was substantiated by the fact 
that the value of static maximal inspiratory pressure was 60 to 70% less in obese persons than in normal subjects 

[21]. Because of this, the obese persons are compelled to breathe rapidly and shallowly, a pattern observed in 

patients with neuromuscular and musculo-skeletal disorders [22]. 

But surprisingly, the subjects in the present study were normal healthy individuals without any 

respiratory disorders. Yet there was decreased PEFR in obese males but not so in obese females. This may be 

because PEFR mainly depends upon height, chest size and physical fitness of the individuals which are higher in  

males than in females. Our results are supported by Shaheen et al who found that obese males had reduced 

forced expiratory flow at 50% and 75% (FEF 50-75%) but not the females [23]. 

A strong negative correlation was also found in our study between BMI and PEFR in males, more the 

BMI lesser the PEFR. Jones et al also found that the reduction in PEFR is proportional to the increase in BMI 

[24]. But in females, no such correlation was noticed. The possible cause for this gender difference in the effect 
of obesity on PEFR may be the pattern of fat distribution between males and females.  In females, fat deposition 

is more in the extremities (peripheral obesity) whereas in males, it is seen more in the truncal region (central 

obesity)and it is independent of overall fat in the body [25, 26].The truncal fat may compress the thoracic cavity 

and restrict the diaphragmatic movement resulting in reduced vertical diameter of the thoracic cavity [27]. These 

changes may reduce the compliance of the lungs and the thoracic cavity and increase the load on the respiratory 

muscles. This may end up with the reduction in lung volumes and flow rates, especially PEFR [28]. 

As far as WHR and PEFR were concerned, there was no significant correlation between these two in 

both males and females. Lazarus et al and Collins etal also did not find any correlation between WHR and 

PEFR [29, 30]. In contrast to these findings, Yogesh Saxena et al., and Chen et al reported a significant negative 

correlation between WHR and expiratory flow rates including PEFR [31, 8]. The reason for this difference may 

be attributed to the group of the selected subjects; our study included the young adults in their post-adolescent 

age with mild obesity whereas the other two studies included the older population and severe obesity. 
  

VI. CONCLUSION: 

Obesity reduces PEFR in young adult males but not so in females. There was no significant correlation 

between WHR and PEFR in both males and females. Admittedly all risks are associated with and aggravated in 

morbid obesity with BMI > 40 kg/m2. Yet, BMI between 25 and 30 kg/m2 should also be viewed as medically 

significant, especially in the college-going age group and may be considered for therapeutic intervention.  
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