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Introduction  It has been observed that respiratory problems and the consequent 
pulmonary dysfunction are associated with an increase in waist circumference (WC), a 
measure of obesity. Both comorbidities result in changes in the overall health, quality 
of life, and life span. The literature shows that body fat distribution can affect pulmo-
nary function. Pulmonary function test (PFT) is a basic and essential tool for the diag-
nosis and assessment of pulmonary dysfunction, lung diseases, and treatment effects. 
However, the facilities to measure PFT are not readily available for individual use. Peak 
expiratory flow rate (PEFR) is a simple and important biomarker that can measure the 
pulmonary function and can help monitor lung function to initiate early preventive 
measure. PEFR can be measured by a portable device, which can be carried anytime 
anywhere. Using this portable instrument, this study was undertaken to investigate 
whether there is any relationship of PEFR with the biomarkers of obesity, such as WC, 
hip circumference (HC), and waist-to-hip ratio (WHR) in young adults.
Materials and Methods  A total of 84 participants of either sex (38 males and  
46 females) aged 20 to 26 years were recruited from a college of South Delhi. 
Demographic and anthropometric data regarding WC, HC, and WHR were recorded. 
For PEFR, three consecutive measurements were taken at about 2-minute intervals, 
and the maximum of the three values was taken into account.
Results  Though not statistically significant, but a tendency of negative correla-
tion was observed between PEFR and WC (r = –0.43) and between PEFR and WHR  
(r = –0.48) in males. However, no significant correlation of PEFR with any of the obesity 
markers was found in females. No correlation was observed between PEFR and HC in 
the participants of either sex.
Conclusion  PEFR may be adversely affected with increase in WC and WHR, as seen 
in males. However, no association was observed between PEFR and HC in participants 
of either sex.
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Introduction
With the adoption of western culture, urbanization, and  
sedentary lifestyle, obesity has become one of the major 
health problems and a cardinal issue in most of the 

population in India. The World Health Organization 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 inter-
action of genetic, behavioral, environmental, cultural, and 
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socioeconomic confounding factors causing an imbalance in 
energy production and expenditure. Weight and body mass 
index (BMI) are used as the measures of overall adiposity, 
whereas waist circumference (WC), hip circumference (HC), 
and waist-to-hip ratio (WHR) are used as the measures of 
abdominal obesity and to indicate adverse outcomes of car-
diovascular morbidity.1,2

It has been observed that an increase in WC is commonly 
associated with respiratory problems and consequent pulmo-
nary dysfunctions. Both comorbidities then lead to changes 
in the overall health, quality of life, and life span.3,4

Pulmonary function test (PFT) is a basic and essential tool 
for the diagnosis and assessment of lung dysfunction, dis-
eases, and treatment effects. Peak expiratory flow rate (PEFR) 
is the maximum flow rate generated during a forceful exha-
lation, starting from full lung inflation.5 It is the maximal air-
flow during the effort dependent portion of the expiratory 
maneuver and reflects the large airway flow and depends on 
the voluntary effort and muscular strength of the participant. 
The ease with which one can measure PEFR with the help of 
a portable device can be beneficial for short- and long-term 
monitoring and can provide the health professionals with a 
reliable and objective measurement for early detection and 
therapeutic intervention.6 This study was undertaken to 
investigate whether there is any relationship of PEFR with the 
biomarkers of obesity, such as WC, HC, and WHR in young 
adults.

Materials and Methods
A total of 84 participants of either sex (38 males and  
46 females) aged 20 to 26 years from a college of South 
Delhi who were capable of understanding the procedure 
and consented to participate were recruited for the study. 
Participants having a history of current infection, recent hos-
pitalization, cardiopulmonary problems, or musculoskele-
tal, systemic, and neuropsychological conditions that could 
affect the outcome of the study were excluded.

Procedure
After noting the demographic details of the participant, the 
WC was measured in cm at a point midway between the 
lower rib and iliac crest using nonstretchable flexible tape 
in a horizontal plane at the end of normal expiration, with 
the participant standing erect with feet together and looking 
straight forward. The HC was measured in centimeters at the 
widest girth of the hip.7 Using Wright’s peak flow meter, PEFR 
was measured after applying a nose clip on the participant’s 

nose, who was then instructed to take maximum inspiration 
and blow into the mouthpiece as rapidly, forcefully and com-
pletely as possible. Participants were trained well to blow 
into the instrument maintaining a tight seal between the 
lips and mouthpiece of the peak flow meter, before starting 
the actual measurement maneuver. Three attempts were 
made consecutively by the participants at about 2-minute 
intervals, and the highest of the three values (L/second) was 
recorded. After the procedure, the participant was thanked 
for his/her effort and participation.

Statistical analysis of the data was performed using SPSS 
Version 20.0 for Windows (IBM Corp., Armonk, New York, 
United States). A two-tailed (α = 2) p-value of < 0.05 was con-
sidered to be the level of significance.

Results
The demographic and anthropometric data and PEFR were 
analyzed for Pearson’s correlation coefficient, and the val-
ues of each parameter are presented in ►Tables 1 and 2. 
►Table 1 shows a summary of the anthropometric and PEFR 
measurements of the studied participants. ►Table 2 shows 
the analysis of combined data for both the genders and 
reveals that there is an overall positive correlation between 
PEFR and WC (r = 0.22) as well as between PEFR and WHR 
(r = 0.37), but it was not statistically significant (p > 0.05). 
A negative correlation was observed between PEFR and WC 
(r = –0.43) and between PEFR and WHR (r = –0.48) in males. 
Though the results are not statistically significant, there is 
a tendency of negative correlation between PEFR and WC 
as well as between PEFR and WHR in male participants. 
However, no significant correlation of PEFR with any of the 

Table 1   Demographic and anthropometric data and PEFR of 
participants

Parameters, mean ± SD Male, n = 38 Female, n = 46

Age (years) 20.44 ± 1.41 21.42 ± 1.57

Height (cm) 172 ± 5.70 157 ± 5.32

Weight (kg) 67.12 ± 9.87 53.15 ± 9.95

BMI (kg/m2) 22.65 ± 2.91 21.46 ± 3.63

Waist circumference (cm) 80.36 ± 7.52 72.93 ± 9.96

Hip circumference (cm) 93.81 ± 6.50 93.47 ± 7.60

Waist-to-hip ratio 0.85 ± 0.04 0.77 ± 0.05

PEFR (L/second) 455 ± 91.65 264 ± 51.85

Abbreviations: BMI, body mass index; PEFR, peak expiratory flow rate.

Table 2   Pearson’s correlation coefficient between parameters and their p-values

Parameter Combined Male Female

Correlation p-Value Correlation p-Value Correlation p-Value

WC and PEFR 0.22 0.09 –0.43 0.10 0.06 0.69

HC and PEFR –0.004 0.97 –0.22 0.40 0.06 0.70

WHR and PEFR 0.37 <0.01 –0.48 0.06 0.04 0.78

Abbreviations: HC, hip circumference; WC, waist circumference; WHR, waist-to-hip ratio; PEFR, peak expiratory flow rate.
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obesity markers was found in females. No correlation was 
demonstrated between PEFR and HC in the participants of 
either sex.

Discussion
The lifestyle and dietary habits in the urban areas of India 
have led to a high prevalence rate of obesity in the col-
lege-going young adults.8 It is important to find easy and 
readily available objective measures that can help to assess 
and regularly monitor the lung function and obesity parame-
ters in an effective manner.

In this study, when combined data for both the genders 
were analyzed, a correlation was found among the three 
anthropometric measures, WC, HC, and WHR, which may act 
as obesity biomarkers, with PEFR. It was observed that both 
WC and WHR independently demonstrate an overall posi-
tive correlation with PEFR. However, this correlation was not 
statistically significant (p > 0.05) in both the cases. Several 
authors have suggested that a difference in body fat pattern 
exists in males and females and may have physiological impli-
cations. This probably might have led to the result being not 
significant statistically when data of males and females were 
studied together. However, a tendency toward a negative 
correlation between PEFR and WC (r = –0.43) and between 
PEFR and WHR (r = –0.48) was observed in males, but it was 
not statistically significant. Also, no significant correlation of 
PEFR with any of the obesity markers was found in females. 
No correlation was revealed between PEFR and HC in the 
participants of either sex. A body fat accumulation pattern 
is proposed by several authors: for women, the fat is depos-
ited around the hip region, whereas in men, the adiposity is 
observed in the abdominal area. As a consequence, perhaps, 
the effect of WC on pulmonary function in men tends to be 
larger than that in women.9,10 These scientists also suggested 
that abdominal fat may interfere in pulmonary mechanics, 
causing restrictions during breathing, potentially reducing 
respiratory volumes such as FEV1 (forced expiratory volume 
in 1 second) and FVC (forced vital capacity). This mechanical 
effect is more evident if central obesity is considered instead 
of overall obesity or peripheral fat. The excess of fat in the 
abdominal and thoracic region may lead to a decrease in the 
compliance and resistance of the respiratory system, increas-
ing the energy demands of breathing.9,10

It was pointed out by Rochester and Enson that PEFR 
mainly depends upon height, chest size, and physical fitness 
of the individuals, which are presumed to be higher in males 
than in females.11 A study conducted by Saxena et al exam-
ined the effects of adiposity on PEFR in males and found that 
this parameter is negatively associated with obesity mark-
ers, as measured by BMI, WC, and WHR, after the effects of 
variation in age and height were removed. On multivariate 
analysis, WHR was found to be the most important parame-
ter that showed a significant negative association with PEFR, 
whereas age, height, BMI, and WC were not.12 In a subse-
quent study, a positive correlation of PEFR with height and 
weight, as well as BMI was observed but was not found to be 

statistically significant.13 Collins et al also reported a lower 
FEV1 in participants with higher WHR even without adjust-
ment for age, stature, and relative obesity.14 This study con-
cluded that adiposity measured as WHR affects the PEFR in 
males in the age group of 20 to 40 years and especially when 
the age is approaching the higher side. These authors also 
suggested that WHR, a measure of central pattern of fat dis-
tribution, was associated with lower values for PEFR in young 
male adults after adjusting for BMI.14 The findings of the 
aforementioned studies also suggest that the pattern of body 
fat distribution has an independent effect on PEFR.12-14 In this 
study also, WC has shown a tendency of negative correlation 
with PEFR in males; however, no statistical correlation was 
found in females. The android and gynoid fat patterns found 
in males and females, respectively, may thus have their own 
physiological implications. Some recent studies have also 
suggested that WC is a better marker for mortality than BMI, 
as the BMI may get affected due to loss of lean muscle mass 
or that with advancing age.15 Chen et al investigated the effect 
of WC on PFT in three groups of people: normal weight, over-
weight, and obese.16 They found that there was a negatively 
significant relationship of WC with FEV1 as well as of WC 
with FVC. They also found that a 1-cm increase in WC was 
associated with a 13-mL reduction in FVC and 11-mL reduc-
tion in FEV1. All the aforementioned studies support the 
hypothesis that an excess fat in the abdominal and thoracic 
regions may limit movements of the diaphragm and decrease 
compliance of the respiratory system.

The physiology of obesity affecting the lung functions has 
been discussed in a landmark study where it has been shown 
that adipose tissue is metabolically active and has proin-
flammatory effects because it secretes a range of substances 
such as adipose-derived hormones called adipokines such as 
leptin, resistin, and adiponectin. The receptors for these hor-
mones are widely distributed throughout the body, including 
the lungs. Leptin and resistin are increased in obesity and 
have proinflammatory effects, including activation of nuclear 
factor-kB and upregulation of tumor necrosis factor-α. These 
changes lead to enhancement of neutrophilic airway inflam-
mation in the lungs and cause deterioration in its function. 
In contrast to leptin and resistin, adiponectin is an anti-in-
flammatory adipokine that balances the activities of pro- and 
anti-inflammatory cytokines. It has also been suggested that 
adipose tissue derived hormones may play an important role 
in the pathophysiology of asthma in obese patients and can 
be therapeutically manipulated for its management.17

Normally, the decrease in lung function can be regularly 
monitored through PEFR, which can be measured with the 
use of a portable device in a cost-effective manner.

Conclusion
The lung function parameter PEFR appears to be adversely 
affected with an increase in WC and WHR in males but not 
in females. However, HC, another anthropometric mea-
sure, does not seem to affect the PEFR in the participants of  
either sex.
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