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ABSTRACT

This study explored the connection between age, gender, and body mass index
(BMI) and how they influence maximum oxygen consumption (VO2max)
among students at Gilgamesh University's College of Physical Education and
Sports Sciences in Baghdad. The research involved 27 male and 14 female
students aged 19 to 49, randomly selected. Physiological and anthropometric
measurements such as height, weight, and BMI were taken using the World
Health Organization's (2020) standards for assessing body mass, irrespective
of gender differences. VO2max was estimated without fitness tests, based on
resting heart rate (HRrest) and maximum heart rate (HRmax). Age-specific
norms for peak oxygen consumption (VO2max) in men and women were
determined using Cooper's VO2max criteria Heyward (1998). The findings
revealed a significant negative correlation between weight gain percentage
and VO2max decrease in both genders, with a more pronounced impact on
males. The study also highlighted a high prevalence of obesity, poor
cardiorespiratory fitness, and an inverse link between BMI and VO2max.
Moreover, female students demonstrated higher VO2max compared to male
students, possibly due to older and heavier male students in the Evening Study
Session compared to both male and female students in the Morning Study
Session.

© 2024 SPECTRUM Journal of Social Science

1. INTRODUCTION

the adaptations occur in cardiovascular system and
respiratory system.

The greatest amount of oxygen that a person can
transfer and use during intense exercise is known as
VO2max, and the VO2max index is a recognized
indicator of respiratory and cardiac function.
Additionally, prior research has demonstrated that the
typical computation of VO2max kg | minute. According
to studies, obese individuals have a substantially lower
maximal oxygen energy rate than healthy individuals
(Ghosh & Jahan, 2017). Moreover, the same writer
mentioned that; more than the resting level. The most of
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Age, sex, body size and fitness, kind of exercise, and the
presence or absence of heart disease all affect the
adaptations to the rise in cardiac output. There are many
factors that can influence VO2max, e.g. heredity,
training, age, gender, and body composition. Generally,
VO2max declines with age (about 2% per year after age
30) and males typically have a greater oxygen
consumption value than females (Grant et al 1999;
Mohajan, & Mohajan, 2023).

It is well knowledge that athletes with high oxygen
energy can engage in physical activity for longer
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periods of time and with greater effectiveness, both of
which are beneficial to their health. Individuals who
possess maximal oxygen energy have a lower risk of
heart disease, diabetes, stroke, and early death. VO2max
represents the highest volume of oxygen a person can
take in and use to generate energy (ATP) through
aerobic respiration (Plowman & Smith, 2013). One of
the most widely used measurements in exercise science
is VO2max. It’s one of the key indicators of endurance
performance, measuring a person’s cardio-pirate
capacity at a given level of performance and oxygen
availability (Levine, 2008). Risk of Cardiovascular
Disease, Hypertension, Type |l Diabetes mellitus,
Osteoarthritis, Gall bladder disease, and many types of
cancer increased with obesity. Low VO2max is
independently associated with cardiovascular mortality
(Lee etal., 2010).

VO2max is a measure of how much oxygen a person
can take in during a high-intensity workout. It’s widely
regarded as the best measure of cardiovascular health
and aerobic performance. Maximized Oxygen
Consumption (MAXOC) is a term used to describe the
amount of oxygen a person is able to consume during
intense exercise. MAXOC is often used interchangeably
with other terms related to circulatory endurance,
aerobic capacity and aerobic endurance. It’s important
to note that VO2max is a measure of an athlete’s
endurance. An athlete’s VO2max is determined by how
much oxygen they’re able to absorb. An athlete who
runs medium and long distances, such as a cyclist, skier,
or swimmer, has a high VO2max. Athletes who run
different speeds, such as those who throw and jump,
have a lower VO2max (Mondal & Mishra, 2017).
Recent research, along with information from the World
Health Organization, shows that not getting enough
aerobic physical activity can lead to a higher chance of
dying early from various reasons, especially heart
disease. On the other hand, doing intense aerobic
exercises regularly can bring numerous health
advantages, such as living longer, having a better life
quality, reducing the risk of stroke, heart disease,
diabetes, and cancer, enhancing mood and self-worth,
and improving sleep (World Health Organization
(WHO), 2020).

VO2 max, or the highest volume of oxygen an
individual can utilize during intense physical activity, is
typically seen as the most accurate gauge of heart health
and the ability to sustain aerobic activity. The greater
the volume of oxygen an individual can utilize during
intense physical activity, the more energy they are able
to generate. It's obvious that undergoing physical
training results in an enhancement in the maximum
oxygen consumption level, though the pace of this
enhancement differs from person to person. It's
important to mention that individuals who were already
in a high level of fitness prior to starting their training
will see a greater increase in their maximum oxygen
consumption compared to those who were less fit. The
opposite is also true. The VO2max test is considered the
ultimate indicator of cardiorespiratory fitness since the
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muscles require oxygen to carry out aerobic activities
for extended durations, and the heart needs to circulate
enough blood through the body's blood vessels to satisfy
the needs of aerobic activities (Dhara & Chatterjee,
2015).

Research has demonstrated a strong link between
gaining weight (Body Mass Index, BMI) and a
reduction in the highest amount of oxygen one can use
during exercise (VO2max) (Singh et al., 2023). Several
of these studies have suggested that obesity raises the
chance of heart disease, and this, in turn, lowers an
individual's capacity for oxygen energy utilization
(Sindall 2020).

The primary goal of this research is to understand how
the maximum oxygen consumption (Vo2max) is related
to the extent of body mass increase (PMI) in students
from the College of Physical Education and Sports
Sciences.

2. MATERIALS AND METHODS

The study group was chosen at random from the student
body at Gilgamesh University's College of Physical
Education and Sports Sciences in Baghdad. The group
consisted of (14 female students) representing 40% of
the female students (35 in total) and (27 male students)
representing 14.75% of the male students. In total, this
group had 148 students, with ages ranging from 19 to 49
years old, compared to the original research group of
183 male and female students.

2.1 Determination of Body Mass Index (BMI)

Body Mass Index (BMI) is a straightforward formula
that involves dividing a person's weight in kilograms by
their height in meters squared. The formula for BMI is
BMI = Weight (in kilograms) / Height (in meters
squared).  Essentially, kilograms represent the
individual's weight, and meters squared denotes the
length of the person in meters squared. This method was
selected due to its widespread use and recognition by
the World Health Organization as a standard tool for
gauging body mass, without taking into account
differences based on gender. Table 1 displays BMI
ranges suggested by the World Health Organization,
2020 (World Health Organization (WHO), 2020).

Table 1. Displays the various BMI levels in young
individuals

Typical division of body BMI (kg|m) 2
mass index (BMI)
Underweight Less than 18.5
Normal weight 18.5-24.9
Overweight (pre-obese) 25.0-29.9
First degree of the 30.0-34.9
classification of obesity
Second degree obesity 35.0-39.9
Third degree obesity More than 40
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2.2 Methods for measuring maximum oxygen
consumption VO2max

Measuring VO2 max involves various methods, but
most of them necessitate costly, specialized equipment
and dedicated laboratory facilities. These resources are
not always readily accessible and often require
specialized scientific personnel for result interpretation
and analysis, although few alternatives are highly
accurate and efficient in measuring variables.

Such as a treadmill or a specially calibrated exercise
cycle. Therefore, workers in the field of physical
education resort to using other indirect methods that
have a small financial cost, although they are less
accurate, but they are sufficient for the purpose of
research and are approved in much scientific studies.
They do not require complex equipment or specialized
staff, in addition to that, the ease of applying them at
any time and place to save time and effort. Conducting
it on large groups and using mathematical operations
and equations, the value of the maximum oxygen
energy index (VO2max) is extracted. Therefore,
researchers have adopted the following method to
measure the level of maximum oxygen energy (VO2
max), which is inexpensive and easy to meet its
requirements and is approved in scientific research.

2.3 Calculate VO2max Without Conducting Fitness
Test

This approach for calculating the highest rate of oxygen
use relies on the heart rate when at rest and the peak
pulse, and was developed by several scientists (Huo et
al.,, 2023). To find the resting heart rate and pulse
without any equipment, two fingers should be
positioned on the artery located on the neck's side, just
under the jaw as showing in figure 1.

.

£

Figure 1. Meredith Juncker, 2024
The individual should be able to detect their own pulse.
Thus, it's essential to start a timer for 60 seconds and
then multiply by (2) to figure out the number of the

individual's heartbeats at rest (Uth et al. 2004, Junita,
Al-Rahmad, H., & Fajarna 2024).

To achieve the highest pulse rate during intense physical
activity (HR max), this equation was utilized, which has
been scientifically validated in numerous studies
(Junita, Al-Rahmad & Fajarna2024):

HR max = 220 — age

To calculate VO2max and the peak oxygen utilization,
the equation below was applied:

VO2 max = 15 x (HRmax / HRrest)

The categorization Heyward (1998) was chosen
according to the Cooper VO2max criteria listed in a
tables no. (2, and 3), and also by age category: to
establish the normal maximum oxygen consumption
levels and to set the normal maximum oxygen
consumption levels for the study participants based on
their age.

Table 2. Displays the established norms for peak
oxygen consumption (VO2max) in women, categorized

by age (Heyward (1998)

Very . .

Age Poor Poor | Fair |Good|Excellent| Superior
13-19] <25 [25-30[31-34|35-38 39-41 >41
20-29] <24 |24 -28] 29-32(33-36] 37-41 >41
30-39] <23 |[23-27]28-31132-36] 37-40 >40
40-49] <21 |21-24/25-28|29-32] 33-36 >36
50-59] <20 |[20-22|23-26127-31 32-35 >35
60+ | <17 |17-19120-24125-29| 30-31 >31

Table 3. Displays the established norms for peak
oxygen consumption (VO2max) in men, categorized by
age (Heyward (1998)

Age \p/s:;); Poor| Fair |Good|Excellent| Superior
13-19] <35 |[35-37|38-44145-50[ 51-55 >55
20-29] <33 |[33-35|36-41142 -45 46 -52 >52
30-39] <31 |31-34/35-4041-44 45-49 >49
40-49] <30 |[30-32| 33-38[39-42] 43-47 >48
50-59] <26 |[26-30]31-35|36-40] 41-45 >45
60+ | <20 |20-25|26-3132-35 36-44 >44

3. RESULTS AND DISSECTION

Age, Sex, Height and Weight Measurements and Body
Mass Indexes Determination of male and female groups
were presented in table 4.

Table 4. Parameters obtained from male & female students and their body mass index

Subjects Age Sex Height Mean Weight Mean BMI Mean and SD | Classification of
kg/m2 Of BMI BMI

1 30 F 160 82.25 32.1
2 32 F 159 54.10 21.4
3 31 F 162 57.80 22

4 36 F 168 85.50 30.3
5 29 F 162 77.75 29.6
6 36 F 147 65.40 30.3
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7 38 F 159 160.86 91.65 74.18 36.3 28.414+4.207 Overweight
8 33 F 159 68.85 27.2
9 34 F 157 71.82 29.1
10 27 F 155 66.25 27.6
11 27 F 171 86.15 26.7
12 29 F 164 86 32
13 32 F 169 87 30.5
14 22 F 160 58 22.7
15 27 M 170 67.70 23.4
16 23 M 172 59.75 20.2
17 42 M 182 92.05 27.8
18 43 M 170 68.25 23.6
19 25 M 169 61.30 21.5
20 21 M 169 54.50 19.1
21 25 M 197 120 30.9
22 35 M 163 62 23.3
23 49 M 171 81.95 28
24 26 M 193 138 37
25 26 M 162 68.05 25.9 .
6 20 M 184 173.67 86.55 80.41 25 6 26.462+4.712 Overweight
27 31 M 175 95 31
28 43 M 176 89.30 28.8
29 38 M 169 78.75 27.6
30 43 M 182 86 26
31 43 M 169 97.10 34
32 44 M 170 98.55 34.1
33 26 M 170 92.25 325
34 23 M 181 86.15 26.3
35 26 M 171 82.80 28.3
36 26 M 170 75.10 26
37 32 M 170 73 25.3
38 39 M 160 68 26.6
39 24 M 181 75 22.9
40 19 M 170 58 20.1
41 24 M 173 56 18.7

Results of female age group ranged from 22 to 38 years,
while age of the male group ranged from 19 to 49 years.
The height of the females ranged from 1.47 m to 1.71m,
while the height of the male group ranged from 160 m
to 197 m which mean that the male students were taller
than the female students. The mean value of the male
weight was heavier than the mean value of the female

approximately 6.0 kg. The mean and (SD) of body mass
index (BMI) for the female group are 28.414+4.207
kg/m2, while the mean and (SD) of the male group was
26.462+4.712 kg|m2.

Table 5 shows heart rate of male and female at rest
(HRrest) as well as their maximum heart rate (HRmax),
their (VO2max) based on the Cooper VO2max criteria.

Table 5. Heart Rates and VO2max Value based on Cooper VO2max Criteria

Subjects Sex Age Mean HRrest HRmax VO2max Mean and | Classification of
(beat|min) (beat|min) Value SD of VO2max

VO2max

1 F 30 86 190 33.14

2 F 32 98 188 28.78

3 F 31 78 189 36.35

4 F 36 77 184 35.84

5 F 29 80 191 35.81 34.224 +

6 F 36 31.142 66 184 41.82 4.259 Good

7 F 38 87 182 31.38

8 F 33 82 187 34.21

9 F 34 80 186 34.88

10 F 27 86 193 33.66

11 F 27 78 193 37.12

12 F 29 108 186 24.28

13 F 32 86 188 32.79

14 F 22 76 198 39.08

15 M 27 66 193 43.86
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16 M 23 96 197 30.78
17 M 42 82 178 3256

18 M 43 60 177 44.25

19 M 25 80 195 36.56

20 M 21 76 199 39.28 37.459 £
21 M 25 74 195 39.53 4.833 Fair
22 M 35 76 185 36.51

23 M 49 60 171 42.75

24 M 26 31.963 66 194 44.09

25 M 26 70 194 4157

26 M 40 80 180 33.75

27 M 31 78 189 36.35

28 M 43 94 177 28.24

29 M 38 66 182 41.36

30 M 43 60 177 44.25

31 M 43 76 177 34.93

32 M 44 60 176 44.0

33 M 26 94 194 30.96

34 M 23 76 197 38.88

35 M 26 75 194 38.8

36 M 26 90 194 32.33

37 M 32 80 182 35.25

38 M 39 94 181 28.88

39 M 24 74 196 39.73

40 M 19 88 201 34.26

41 M 24 78 196 37.69

Table 6 shows male and female heart rates at rest
(HRrest) as well as their maximum heart rates
(HRmax), their (VO2max) based on Cooper VO2max
criteria. HRrest of the female group ranges from 66
beat | min to 108 beat | min, while their HRmax ranged
from 182 beat | min to 198 beat | min. HRrest of the

male group ranges from 60 beat | min to 96 beat | min,
while their HRmax ranged from 171 beat | min to 201
beat | min. The means and (SD) of VO2max of the
female group are 34.224 = 4.259, while for the male
group are 37.459 + 4.833, which means that

The female group have better VO2max than the male

group.

Table 6. The standard values for maximum oxygen energy (VO2max) for the research sample, based on Cooper's
tabular standards (VO2max)

Research Number Mean + SD of Mean and SD Classification Mean and Classification t-test, p-
Sample age Of BMI of BMI SD of of VO2max value
VO2max
Female 14 31.143+4.26 28.414+4.207 Overweight 34.224 + Good <0.0133"
4.259
Male 27 31.963+8.733 26.462+4.712 Overweight 37.459 + Fair <0.0001™
4.833

4. DISCUSSION

The mean purpose of this study was to explore the
connection between age, gender, and body mass index
(BMI) and how they influence maximum oxygen
consumption (VO2max) among students.
This study includes both male and
female students from Gilgamesh University, College of
Physical Education and Sports Sciences. It is important
to note that a large number of studies have indicated that
people  suffering from obesity and severe
obesity are suffering from adeficiency or lack of
efficiency or oxygen capacity in their VO2max (Dhara
& Chatterjee 2015, Singh et al. 2023).

Table 6 shows that the arithmetic mean for both
research samples of male students (26.462+4.712) and
female students (28.414+4.207) had a clear percentage

in the rate of increase in body mass BMI. Based on the
obesity levels presented in Table 4 and 5, the weight
gain had a detrimental effect on the reduction of the
average and standard deviation in the percentage of
maximum capacity for oxygen consumption (VO2max)
in both groups of male students (37.459 + 4.833) and
female students (34.224 + 4.259). When comparing the
percentages of the decrease in the rate of maximum
capacity for oxygen consumption in the two research
samples, based on the Cooper VO2max tabular criteria
and by age group, it was found that weight gain had a
negative impact on the maximum capacity for oxygen
consumption (VO2max) in both male and female
student samples. This effect was deemed acceptable for
the overall student sample and good for female students,
as shown in Table 6.
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This phenomenon may be attributed to the fact that a
considerable proportion of male students in the Evening
Study Session are older and heavier compared to both
male and female students in the Morning Study Session.
Several studies have confirmed that the increase in
average age and body mass index (BMI) is a crucial
factor that affects the reduction in oxygen energy levels
in individuals. In order to determine the impact of
weight gain on the two research samples, the
researchers conducted a Pearson correlation coefficient
test to assess the relationship between VO2max and the
percentage increase in BMI in both male and female
research samples. The results revealed a significant
negative correlation for the female sample (<0.0133**)
and the male sample (<0.0001**). Research has
indicated a significant negative relationship between
body mass index (BMI) and a decrease in the maximum
rate of oxygen consumption (VO2max) (van der Steeg
& Takken 2021). Several studies conducted in various
countries have confirmed that weight gain negatively
impacts an individual's maximum ability to consume
oxygen during high-intensity exercise (Fernandez-
Rodriguez et al. 2018, Singh et al. 2023).

5. CONCLUSION

In this research, the relationship between age, gender,
and body mass index (BMI) and its influence on
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