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Research Paper: The Relationship Between Peak 
Oxygen Consumption and Pulmonary Function In-
dices: Measured by Spirometry and Allometry Equa-
tion in Male Students

Purpose: Allometry is a method to express the relationship between physiological and anatomical 
variables. It can be used to measure the vital capacity through mathematical equations. This study 
aimed at evaluating lung function indices to estimate the maximal aerobic power by respiratory 
gas analysis device and the allometric equation.

Methods: This study was a descriptive and correlational research. A total of 80 subjects were 
chosen by convenience sampling method. Then, their anthropometric characteristics and 
dimensions of chest circumference (diameter and depth of the chest) were measured, and Bruce 
test was used to measure maximal aerobic power. The Pearson correlation coefficient and 
multivariate regression analysis were performed using SPSS 16.

Results: There is a positive and significant relationship between vital capacity and maximal 
aerobic power (r=0.229, P=0.041) and also between the device vital capacity and formula vital 
capacity (r=1.00, P=0.00). Accordingly, the following model was developed (chest circumfer
ence×0.284)+(age×0.319)+(vital capacity×1.761)+inclination=Maximal oxygen consumption.

Conclusion: According to the study results, there is a significant correlation between device vital 
capacity and formula vital capacity. Thus, in order to predict the maximal oxygen consumption, 
in the absence of any other experimental methods, allometric equation can be used.
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1. Introduction

ncreasing frequency and depth of breath-
ing are some physiological changes which 
happen at the beginning of any sport activ-
ity to supply the body’s demand of oxy-

gen needed by active muscles and minimize its shortage. 
Ventilation rate should increase parallel to the cardiac 
output and the volume of air in the lungs should reach 
to the extent that oxygen be delivered to the blood and 
carbon dioxide excreted from it [1]. During physical ac-
tivities and sport, oxygen consumption in different body 
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organs increases, so as the volume and velocity of blood 
flow to deliver nutrients and oxygen to various organs 
and tissues [2]. Therefore, aerobic activities increase the 
number of breaths and heart beats and put a considerable 
strain on the cardio-respiratory system. Measurement of 
respiratory indices provides useful information about the 
effect of aerobic exercise on the strength of respiratory 
muscles, airway resistance, and lung function. Dynamic 
respiratory indices such as Forced Vital Capacity (FVC) 
and forced expiratory volume in the first second (FEV1) 
depend on the factors such as age, level of physical activ-
ity, body composition, and health condition of people [3].

In this regard, some studies by comparing the lung vol-
ume and capacity of the athletes and non-athletes have 
examined the effects of exercise on these volumes and 
capacities [4, 5]. According to these studies, FVC val-
ues increase by exercise and sport [6]. Similarly, George 
et al. (2014) examined and compared pulmonary func-
tion in 60 athletes and non-athletes and concluded that 
implementation of physical exercise leads to insignificant 
difference between the variables of body weight, body 
surface area, and FVC at the end of the period. However, 
significant changes and rise in FEV1, the FEV1/FVC ra-
tio, and MVV were observed in athletes compared with 
non-athletes [7]. There are different methods to estimate 
the lung volume and capacity, one of which is spirom-
etry. Generally, it is tried to standardize the methods of 
performing and interpreting spirometry tests [4, 8, 9]. It 
is so important that the American Thoracic Society (ATS) 
has initiated many studies to solve this problem [10, 11].

Most formulas derived from studies are based on lin-
ear regression and use age and height as independent 
variables; however, non-linear equations have also been 
used in some studies [12]. The problem with interpre-
tation of spirometry results is their different results in 
various studies which sometimes differ up to 20% [13]. 
For example, the individual spirometry values compared 
with the values obtained from one study might be lower 
than normal yet higher than normal compared with the 
values obtained from another study. Therefore, it is nec-
essary to investigate and determine the normal values 
for each society. In this case, however, the most com-
mon method to determine the vital capacity is using the 
spirometry device, but its application requires expertise 
and is very time-consuming. In addition, other devices 
to evaluate pulmonary functions use direct and indirect 
methods. Because of the high price of the medical de-
vices, their heaviness (makes their movements difficult), 
and unfamiliarity of some operators with the devices, 
using special devices to measure maximum oxygen con-
sumptions is not possible everywhere and for everyone. 

Therefore, to rapidly assess the performance of differ-
ent systems of the human body, the researchers decided to 
evaluate the athletes’ performance not in the physical edu-
cation laboratory but in sport fields. In doing so, one way 
is to use mathematical equations to evaluate functions of 
various organs of the human body. Accordingly, research-
ers evaluated physiological indices based on allometric 
equations [14, 15]. Allometry is a method to express the 
relationship between physiological and anatomical vari-
ables with a unit of body size (usually weight) while in-
creasing the size through mathematical equations [15].

In this regard, Dismoth achieved a formula based on 
allometric equations and used height index to measure 
vital capacity of girls and boys. However, due to the dif-
ferences in race, climate, and characteristics of people 
in different societies, every country should evaluate 
Dismoth equation based on the specific characteristics 
of its society because all the aforementioned factors can 
influence the value of vital capacity. Overall, in order to 
estimate the exact maximal aerobic power in activities, 
we require a valid device with high precision so as to 
calculate the increase of function and coordination of 
cardiopulmonary systems. Given that the respiratory 
gas analysis device could precisely determine the lung 
volume and capacity, the researchers decided to sug-
gest a model based on the evaluation of lung volume 
and capacity to estimate the maximum aerobic power 
by respiratory gas devices as well as mathematical equa-
tions. They studied their application in lung function of 
students as whether it is possible to estimate individual 
maximal aerobic power through respiratory gas analysis 
test, and also use Bonin formula to estimate the maximal 
aerobic power through allometric equation. 

2. Materials and Methods

Subjects

This study was a descriptive and correlational research. 
After obtaining the ethics code of Ferdowsi University 
of Mashhad (37239.2), the study was conducted accord-
ing to the Helsinki protocol. After selecting the subjects, 
their anthropometric measures and cardiorespiratory 
fitness indexes were collected. The study population 
included the male students (20 to 25 years old), which 
were selected by convenience sampling method. In this 
study, 80 individuals were selected among the available 
subjects. The subjects’ health status was controlled by 
self-reported health status questionnaire and medical his-
tory. After taking the participants’ consent and in the first 
stage, some information about the research procedure 
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and objectives along with essential tips on how to hold 
the Bruce test were given to the subjects.

Anthropometric measurements

During the second stage, the subjects’ heights were 
measured using an electronic balance with stadiom-
eter (SECA-Germany) to the nearest 0.1 cm and their 
weight was recorded using a digital scale (Beurer Ger-
man company, PS07-PS06). Then, the waist-hip ratio 
was calculated. In-Body-720 (Biospace, Dogok-dong, 
South Korea) was used to calculate body fat percentage 
to study fat mass (FM), muscle mass (MM), and total 
body water (TBW). All these measurements were car-
ried out by refraining volunteers from eating or drinking 
4 hours before their tests to have empty bladder, stom-
ach, and bowels.

Diameter of the chest

The chest diameter was measured, after the exhale, by 
placing the two ends of sliding caliper on the second or 
third ribs (2.5 cm above the bust line) in the underarm 
area of ​​the subjects. However, the depth of the chest, af-
ter the exhale, was measured by putting one end of the 
sliding caliper on the tip of the dagger appendage of the 
sternum and the other end on the 12th rib. 

Peak oxygen consumption

In additi o n, to evaluate the maximal aerobic power, 
Bruce test for respiratory gas analysis on the treadmill 
h/p/cosmos was used. This 10-step method starts with 
the speed of 2.74 km/h and the incline of 10% and the 
speed and  the incline increasingly rises and continues 
until the subject gets exhausted and is not able to per-
form the tests anymore. Maximal oxygen consumption 
(ml.kg.min)=14.76–(1.379×T)+(0.451×T2)–(0.012×T3).

Analysis or allometry ranking is described by this equa-
tion: Y=aMb, where Y is a variable which is associated 
with weight, and “a” is the coefficient of proportionality 
(proportionality constant). The index b is the allometry 
coefficient and the main element because this element 
expresses the intensity and direction of the relationship 
between the variable b and the body weight. If Y increase 
has a direct relationship with body weight, then b equals 
1 (b=1). If b=0, the body mass does not have any effect on 
Y and is a variable independent of weight. If Y increases 
with weight gain but to a lesser degree, in a way that the 
increase of the variable is less than the weight gain, b will 
be greater than 0 and smaller than 1. If the value of b is 
higher than 1, it means that the variable increase is more 

than weight gain. If Y decreases by the weight gain, as a 
result, b will be negative [15]. After data collection, the 
subjects’ maximal oxygen consumption was calculated 
via allometric equation by using weight replacement in 
Bonin et al. formula [14] (VO2 max=1.94M0.75).

Data analysis

Finally, the data were analyzed by SPSS 16. After ensur-
ing of the normality of the data distribution by perform-
ing Shapiro-Wilk test, the analysis of variance was used 
for checking homogeneity. In order to predict the values ​​
of a variable according to two or more other variables, 
a multivariate regression model (stepwise method) was 
used, then using Pearson correlation coefficient, the rate 
of the correlation of the measured values of VO2 max was 
determined by two methods of Bruce test and allometric 
equation. The simplest and the most common model, used 
for mult i variate correlation, is multiple linear models. 
This model is defined by the following linear relation-
ship: Y= a +b1x1+b2x2+b3x3+...., where Y is a dependent 
variable, representing the scores of the variable which is 
measured; “xi”s are the independent variables, represent-
ing the scores used to estimate Y; “βi”s are the regression 
coefficients, representing the amount of changes happen-
ing in Y and in relationship with every change unit in 
x, and β0 is a fixed number, which must be obtained by 
replacing x and Y in the equation. In this equation, vital 
capacity, age, and the chests of the subjects were entered 
as independent or predictor variables. Significant P value 
of the tests was considered less than 0.05.

3. Results

The study subjects’ characteristics are presented in Table 
1. According to Table 2, there is a significant positive re-
lationship (P=0.041, r=0.229) between the maximal aero-
bic power with the values of inspiratory reserve volume 
(P=0.03, r=0.231), expiratory reserve volume (P=0.042, 
r=0.228) , inspiratory capacity (P=0.048, r=-0.221), and 
vital capacity with maximal aerobic power in male uni-
versity students. Furthermore, there is a significant posi-
tive relationship (P=0.00, r=1.00) between the device vi-
tal capacity and formula vital capacity for male university 
students. According to the results of Table 3, the follow-
ing model was developed on the basis of the data obtained 
from the study: (chest circumference×0.284)+(age×0.31
9)+(vit a l capacity×1.761)+inclination=maximal oxygen 
consumption which for every unit change in the indepen-
dent variables such as vital capacity, age, and chest cir-
cumference, the unit change in the maximal oxygen con-
sumption would be 1.761, 0.319, and 0.284, respectively.
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4. Discussion

This study aimed to evaluate pulmonary function for 
calculating peak oxygen consumption through the respi-
ratory gas analysis and allometric equation in male stu-
dents. The result of this study shows that between FVC 
amount and peak oxygen consumption has a positive sig-
nificant correlation. The findings from the present study 
are consistent with Fatemi et al. [3], Rabiee et al. [16] 
and inconsistent with Haji Nia et al. [17] studies. Fatemi 
et al. [3] reported a significant correlation among the 3 
independent variables of FEV1, FVC, FEV1/FVC and 
projected VO2 max values in 50 healthy males (the mean 
(SD) age: 22.1(2.47) years). Rabiee et al. [16] investigat-
ed the relationship between body composition and maxi-
mum oxygen consumption with pulmonary function in 
20 subjects. They reported a significant positive correla-
tion between cardiorespiratory fitness and respiratory pa-
rameters in light weight group with regard to FEV1 and 
FVC and heavy weight group with regard to FEV1 and 
FVC. They also found a significant negative relationship 
between weight and respiratory parameters in FEV1, 
FVC of heavy weight group. However, we did not ob-
serve any significant relationship between the weight and 
respiratory parameters of FEV1 in the light weight group. 

Haji Nia et al. investigated the relationship between 
aerobic power to physical activity levels and anthropo-
metric factors among 12-16 years old boys [17]. They 
concluded that a significant inverse relationship exist 
between aerobic power and indicators of age, weight, fat 
percentage, body mass index, WHR, and body surface 
area. There was no significant correlation between aero-
bic power and height, but there was significant positive 
correlation between aerobic power and Physical Activity 
Levels (PAL). Aerobic power was significantly higher in 
subjects with high level PAL than subjects with moderate 
and low PAL. Haines and Wilby examined the relation-
ship between lung function and physical fitness in 605 
boys and 566 girls, aged 9-15 years [18]. They reported a 
significant correlation between aerobic power with FVC 
and FEV1 values and no relationship between FEV1 to 
FVC ratio. According to the results, pulmonary function 
index is directly related to the amount of cardiorespira-
tory fitness and with the rise in cardiovascular fitness the 
pulmonary function also increases [19]. 

The mechanism by which physical activity may affect 
vital capacity and FEV1 is unclear, but by observing pul-
monary function, exercise capacity, and hemodynamic 
parameters it was found that the amount of vital capac-
ity and FEV1 in pulmonary function at rest situation can 

Table 1. The characteristics of the subjects.

VO2 Max (ml/kg/min)BMI (kg/m2)Weight (kg)Height (m)Age (y)Group

42.20±5.0523.27±3.6873.39±1.161.76±6.3423.73±1.33Subjects (n=80)

Data presented as mean±standard deviation PHYSICAL TREA MENTS

Table 2. The correlation between pulmonary function indices with peak oxygen consumption in boy students.

Pulmonary Function Indices

Variables Forced Vital Capacity (L)Inspiratory Capacity (L)Expiratory Reserve Volume (L)Inspiratory Reserve Volume (L)

PrPrPrPr

0.041*0.2290.04*0.2210.04*0.2210.03*0.231Peak oxygen 
consumption

* Significant level P<0.05
Data presented as mean±standard deviation

PHYSICAL TREA MENTS

Table 3. Results of multivariate regression analysis.

Model
Unstandardized Coefficients Standardized Coefficients

t Sig.
B Std. Error Beta

Constant 7.055 15.254 - 0.463 0.645

Age 0.319 0.414 0.085 0.772 0.442

Forced vital capacity 1.761 0.929 0.208 1.896 0.062

Chest circumference 0.284 0.167 0.188 1.703 0.093
PHYSICAL TREA MENTS
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be used as independent variables which are significantly 
correlated with the amount of peak aerobic power [20]. 

According to this research, FVC value has a positive 
significant correlation with height. This finding was sup-
ported by Palka et al. [21]. They reported that with in-
crease in age and maturity in boys, especially the vital 
capacity of the lung volume increases. In this regard, 
with increasing age and body size, the lung volume also 
increases, but the airway resistance drops [22]. In other 
words, with increasing age along with puberty and height 
increase in boys, the volume and size of organs, espe-
cially the heart, lungs, and chest increase. This factor in 
this age leads to increase in vital and total lung capacity. 
Therefore, the predicted vital capacity may be related to 
height. In this context, the height factor can be confirmed 
as the best predictor of lung function [23, 24]. Generally, 
it seems that with increasing height, the trunk is equally 
increases. The consequence of this increase, will be the 
expansion of the chest size and consequently lung vol-
ume that can affect the vital capacity. On the other hand, 
with increasing age and height, the muscles involved in 
deep inhaling and exhaling, especially the diaphragm, 
become more powerful, and for receiving more oxygen, 
allows vital capacity expansion [25]. In this situation, 
along with the increase in height, the breathing muscles 
get stronger and ventilatory responses increase, too [26]. 
Based on studies, height and body weight equations to-
gether, are a better predictor of lung function [27, 28].

The present study results reveal a significant correlation 
between peak oxygen consumption and chest circumfer-
ence, and also a positive and significant correlation be-
tween FVC of respiratory gas analysis system with FVC 
of formula. This finding was supported by Shakerin et 
al. [29] and Beunen et al. [14]. The findings from the 
present study are inconsistent with those reported in the 
literature [15]. Shakerin et al. [29] determined the corre-
lation of vital capacity of 11- to 17-year-old female stu-
dents measured by spirometry and allometry equation on 
311 female students with an average (SD) age of 14(3) 
years. They reported that allometric equation enjoys 
high validity in determining the vital capacity of 11 to 17 
years old female students (r=0.83, α=0.86). Also, there 
is no difference between mean vital capacity of athlete 
group and non-athlete one. The result of this research 
shows that allometric equation can be used for determin-
ing the vital capacity of female students when exercise 
laboratory and spirometer are not available. Analyses of 
Beunen et al. [14] of intraindividual allometric develop-
ment of aerobic power in 73 boys followed by annual 
intervals of 8 to 16 years showed that inter-individual 
allometry coefficients for body mass exceeded 0.750. 

Intraindividual coefficients of peak VO2 by body mass 
varied extensively and ranged from 0.555 to 1.178. 

Gaeini et al. determined the reliability of allometric 
equation in measuring the VO2 max of 12 to 16 years 
old female students [15]. They reported that allometric 
equation enjoys high reliability in determining VO2 
max, when it was absolute (1/min). However, when 
VO2 max is relative (ml/kg/min), the reliability between 
VO2 max by allometric equation and VO2 max by Bruce 
protocol is r=-0.362 (P=0.01). Therefore, according to 
the obtained results, allometric equation can be used. In 
the field, due to an increase in chest size, the pulmonary 
ventilation increases and these changes can lead to an in-
crease in the better supply of oxygen and suitable release 
of oxygen to all body parts. Then by implementing ap-
propriate physical activity, the endurance of the respira-
tory muscles increases which rises chest expansion and 
lung volume [30, 31].

According to the study results, there is a significant 
positive correlation between amounts of FVC of respira-
tory gas analysis system with FVC of formula. Accord-
ing to this result, the following model was developed: 
VO2 max=inclination+(1.761×FVC)+(0.319×age)+(0.2
84×chest circumference). Thus, in order to estimate the 
maximal oxygen uptake of male students, in the absence 
of other methods, allometric equation can be used in any 
place. The study limitations included lack of control over 
the participants’ life style (their amount of sleep, rest, 
and extra-curricular activities), and the small number of 
subjects that left the study.
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