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Background: The purpose of this study was to find out the relationship among some anthropometric 
variables and lung functional capacities of the undergraduate students in Obafemi Awolowo 
University (OAU), Nigeria. Method: This study was undertaken at the Department of Physical and 
Health Education, Faculty of Education, OAU, Ile Ife, Nigeria. One hundred and forty students (90 
males and 50 females) of OAU participated in the study. Anthropometric variables measured were, 
height, weight and body circumferences at the waist, hip, thigh, calf, arm, and forearm a standard 
protocol. Spirometry was used to measure Tidal Volume (TV), Expiratory Reserve Volume (ERV), 
Inspiratory Capacity (IC), Vital Capacity (VC), and Total Lung Capacity (TLC).  Data were analysed 
using descriptive statistics, independent t-test, and Pearson Product Moment Correlation. Results: 
There was a significant negative correlation between VC and weight (r= -0.190, p<0.05), thigh 
circumference (r= -0.241, p<0.001), WHR (r= 0.260, p<0.001), but a significant positive correlation 
between VC and height (r= 0.330, p<0.001), wrist (r= 0.300, p<0.001) and forearm circumference 
(r= 0.202, p<0.05). TLC had positive significant correlation with height (r= 0.643, p<0.001), forearm 
circumference (r= 0.176, p<0.05), and wrist circumference (r= 0.441, p<0.001), but negative 
significant correlation with BMI (r= -0.244, p<0.001). Conclusion: An increase in WHR and weight 
may reduce the VC and TLC. TLC could be reduced by an increase in BMI and a tall individual may 
have enhanced VC and TLC.  
Keywords: Lung Functions, Body Mass Index, Body circumference, Spirometry 

INTRODUCTION 
During the past few decades lung function tests 
evolved from simple tools for physiologic study to 
those of clinical investigations in assessing 
respiratory status. Lung function tests have also 
become a part of routine health examination in 
respiratory, occupational, and sports medicine and in 
public health screening.1 Some studies reported 
inverse associations between lung function, 
especially forced expiratory volume in one second 
(FEV1)

 and forced vital capacity (FVC), and some 
anthropometric measures of central adiposity such as 
the waist circumference (WC) and waist-to-hip ratio 
(WHR).2,3 Many studies also examined the 
relationship between obesity (using body mass index, 
BMI) and lung function tests (FEV1 and  FVC). Body 
mass index showed weak associations with 
diminished lung function at both extremes of the BMI 
distribution (thin or obese).4,5 In the past few years, it 
was also suggested that these factors may have 
distinct effects on pulmonary function.4,6–9  

Whitrow and Seeromanie10, found that 
differences in upper body segment explained more of 
the ethnic differences in lung function of pupils aged 
11–13 years than standing height, particularly among 
Black Caribbeans/African subjects. Raju et al1 also 

reported that height had a strong significant 
relationship with FEV1 and FVC in healthy school 
girls aged between 5 and 15 years.  

Although several studies reported a 
significant  relationship among  anthropometric 
parameters, FEV1 and FEV, there is paucity of data 
on relationships among anthropometric parameters, 
TV, VC, and TLC,  especially in adult Nigerians. The 
purpose of this study was to establish a relationship 
among anthropometric parameters and TV, VC and 
TLC in undergraduate students of OAU, Ile Ife, 
Nigeria. 

MATERIAL AND METHODS 
A descriptive research method was used in this study. 
The population consisted of male and female 
undergraduate students of Obafemi Awolowo 
University, Ile-Ife, Nigeria. Sample of convenience   
was used to select 140 student volunteers including 
90 males and 50 females. The age ranged from 18 to 
30 years. Informed consent was obtained from all 
subjects. Ethical clearance was also obtained from 
Ethic and Research Committee of OAU Teaching 
Hospitals Complex, Ile Ife. The age and sex of each 
participant were recorded. Anthropometric 
parameters measured were: height, weight and body 
circumferences. Body circumferences were measured 
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at waist, hip, thigh, calf, arm, forearm and wrist, 
using the protocol of Marfell-Jones11. 

The lung volumes were measured as 
described by Guyton and Hall12. The equipment 
consisted of a spirometer with pen recorder, 
recording drum with chart, three-way stop cock, two-
way respiratory valve, nose-clip and mouthpiece. The 
procedure was as explained by Ajayi13. Four normal 
respiratory movements were recorded. At the end of 
normal expiration, the subject inhaled maximally and 
was then asked to exhale maximally. 

The spirogram was used to calculate Tidal 
Volume, Expiratory Reserve Volume, Inspiratory 
Capacity (IC), Vital capacity (VC) Inspiratory 
Reserve Volume (IRV), and Functional Residual 
Capacity (FRC). 

RESULTS 
One-hundred-and-forty (90 male and 50 female) 
students participated in the study. Table-1 shows 
physical characteristics of participants. There were 
significant differences between height of male and 
female participants, also waist to hip ratio of males was 
significantly higher than that of females. Table-2 
compared the body circumference of male and female 
participants while Table-3 gives a summary of 
relationship between lung functions and 
anthropometrics parameters. There was a significant 
correlation between height and total lung capacity; waist 
to hip ratio was significantly correlated with total lung 
capacity and increase in wrist circumference 
significantly correlated with total lung capacity. 

Table-1: Physical Characteristics of the participants (Mean±SD) (n=140) 
Variables Male (n=90) Female (n=50) Total (n=140) p 
Age (Yr) 24.44±3.82 22.76±2.80 23.83±3.57 0.007* 
Height (m) 1.73±0.06 1.65±2.80 1.70±0.08 0.000* 
Weight (Kg) 64.50±10.28 60.48±9.39 63.05±10.12 0.024* 
BMI (Kg/m2) 21.48±3.34 22.36±3.62 21.80±3.49 0.156 
Waist circumference (Cm) 80.70±24.62 74.74±8.33 78.55±20.48 0.100 
WHR 0.87±0.06 0.80±0.06 0.85±0.07 0.000* 
Frame Size 10.20±0.52 10.32±0.60 10.24±0.55 0.217 
VC (ml) 3150.4±333.68 2604±328.82 2958±422 0.000* 
ERV  (ml) 1028.00±331.76 984.12±169.26 1012.2±84.26 0.385 
TV (ml) 5265.7±276. 76 4382.0±168.80 4947.8±228.78 0.028* 
IRV (ml) 1504.9±339.37 1319.6±386.75 1438.3±366.78 0.004* 
IC (ml) 2027.9±288.39 1745.3±331.16 1926.3±332.42 0.000* 
FRC (ml) 2339.4±374 .47 2430.2±268.85 2500.1±343.3 0.072 
TLC  (ml) 4661.9±373.22 4050.0±368.55 4441.8±473.18 0.000* 

*Significant 

Table-2: Comparison of Body Circumferences of males and females participants (Mean±SD) (n=140) 
Variables Male Female Total t p 
Waist circumference (Cm) 80.69±24.63 74.74±8.53 78.55±20.44 2.499 0.100 
Hip Circumference (Cm) 92.73±28.05 93.23±9.70 92.91±23.13 2.257 0.904 
Arm circumference (Cm) 27.79±2.77 26.89±3.47 27.49±3.06 1.992 0.093 
Forearm Circumference (Cm) 53.06±55.85 25.03±4.17 42.98±40.06 45.05 0.001* 
Thigh circumference (Cm) 51.69±5.25 51.01±4.89 52.90±5.68 2.809 0.042* 
Calf Circumference (Cm) 34.48±3.17 34.88±3.00 34.63±3.11 0.381 0.472 
Wrist Circumference (Cm) 17.03±0.97 15.99±0.90 16.66±1.06 0.295 0.000* 

*Significant 

Table-3: Correlation matrix showing relationship between Lung Functions and anthropometrics parameters 
(n=140) 

Variables VC ERV TV IRV IC RV FRC TLC 
Age 0.036 0.044 0.126 -0.068 0.018 0.156 0.121 0.094 
Height 0.330* 0.035 0.007 0.164 0.193* 0.882* 0.509* 0.643* 
Weight -0.190* 0.009 0.397* -0.148 0.110 0.327* 0.186* 0.125 
BMI -0.190* -0.014 0.382* -0.230* 0.007 -0.188* 0.114 -0.244* 
Waist Circumference 0.031 -0.119 0.239* -0.010 0.165 0.091 -0.049 0.002 
Hip Circumference -0.063 -0.118 0.193* -0.037 0.101 0.072 0.058 0.027 
Waist-Hip Ratio -0.252* -0.047 0.151 0.079 -0.199* 0.088 0.009 -0.260* 
Arm Circumference -0.013 -0.073 0.143 0.006 0.113 0.206* 0.051 0.069 
Fore Arm Circumference 0.202* 0.025 0.266* -0.002 0.190* -0.011 0.015 0.176* 
Thigh Circumference -0.241* -0.033 0.130 -0.204* -0.117 0.164 0.062 -0.150 
Calf Circumference -0.139 -0.115 0.013 -0.052 0.002 0.231* 0.030 -0.033 
Wrist Circumference 0.300* 0.026 0.112 0.093 0.196* 0.437* 0.260* 0.441* 
Frame Size -0.080 0.006 -0.119 0.018 -0.077 0.233* 0.131 0.020 

*Significant
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DISCUSSION 
The physical characteristics of the participants of this 
study indicated that the mean BMI was 21.45 
Kg/m2±2.94 for males and 22.36 Kg/m2±3.62 for 
females. World Health Organization14 proposed BMI 
between 18.5 Kg/m2 and 24.9 Kg/m2 to be normal for 
average men and women. Hence an average participant 
in this study was within normal range of BMI. The 
mean waist circumference for male and female was 
below 100 Cm for male and 88 Cm  for female  which 
would  have been indicative of  a strong health risk 
especially for insulin resistance.15,16 The mean waist to 
hip ratio of male participants in  this study was 0.87 
±0.06 and that of female was 0.80±0.06.  Bray and 
Gray17 recommended that a waist to hip ratio of 0.85–
0.90 for males and 0.75 to 0.83 for females is normal.   
The mean percent body fat for male participants in this 
study was 14.20±5.49. ACE18 suggested that a percent 
body fat between 8% and 15% for an adult male was to 
be considered optimal. Participants in this study fit into 
this range. The reasons for the optimal level of adiposity 
in the participants of this study might be due partly to 
the rigours of academic and partly to the distance that 
the students should have to trek daily from the hostels to 
the academic area. These activities will continually 
increase metabolism which will not allow accumulation 
of adiposity. Regarding the frame size, male participants 
in this study are of medium frame 10.14±0.72 while the 
mean value for female was 10.32±0.60. Report from the 
study of Grant et al19, suggested that a frame size of 
between 10.4–9.6 and 10.9–9.9 should be  considered to 
be of medium size for male and female respectively. 

Considering the lung functions of the 
participants, the higher lung function values of males  
than females (except for the FRC) was supported by 
literatures.20,21 Hopkins and Harms21 explained that 
relative to body size, women have a lower diffusing 
capacity for carbon monoxide, smaller airway diameter, 
and smaller lung volumes than men. Harms and 
Rosenkranz22 also reported that women tend to show 
reduced lung size, decreased maximal expiratory flow 
rates, reduced airway diameter, and a smaller diffusion 
surface than age- and height-matched men.  Ovarian 
hormones, namely progesterone and oestrogen, are 
known to modify and influence the pulmonary system. 
These differences may have an effect on airway 
responsiveness, ventilation, respiratory muscle work, 
and pulmonary gas exchange during exercise. The   
significant positive correlation of some lung capacities 
especially VC, FRC and TLC with height in this study 
have been corroborated with some previous studies.1,9,23 
The correlation of weight with TV and FRC was inline 
with the  study of Deshpande et al.24 There was 
significant positive correlation between pulmonary 
functions and anthropometric parameters like height, 

weight and upper segment of the body.24 Body weight 
was understood to have an important effect on lung 
volume and flow rates and may be of importance in 
accounting for the disparities observed between African, 
American, and Caucasians regarding lung functions 
values.25 It was observed that there was a positive 
correlation between wrist circumference and VC, FRC 
and TLC. There is paucity of data to support this, 
however, frame size is a ratio height to wrist 
circumference which invariably determines the body 
size.26,27 There was a negative correlation between thigh 
circumference and vital capacity in this study. Thigh 
circumference is a measure of body density and a useful 
indicator of adiposity or lean body mass.28 

The significant correlation between VC, TLC 
and BMI in our study is inline with the work of Galal.29 
BMI at baseline and weight gain were significantly 
related to pulmonary function. Body mass index showed 
weak negative associations with diminished lung 
function at both extremes of the BMI distribution (i.e., 
thin or obese) as reported by Maiolo4 this was inline 
with the findings of this study. The significant inverse 
correlation between WHR and VC and TLC in this 
study was inline with the work of Cotes et al.2 

CONCLUSION 
A tall individual may have a higher vital capacity, FRC 
and TLC. An increase in WHR may decrease the VC 
and TLC. Increase in weight may lead to increased TV. 
TLC may reduce due to an increase in BMI.  
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