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VO2Max, Recovery, Exercise, A sedentary lifestyle among university students can negatively

Trained ~ Student  Group, affect cardiovascular health, as reflected by low VO:Max values and

Untrained Student Group, Six- prolonged recovery periods. This study aimed to examine the

Minute Walking Test. impact of sports activities on changes in VO:Max and the
differences in recovery time between trained and untrained students
at the Faculty of Medicine, University of Muhammadiyah North
Sumatra. Using an experimental pre-post test design, 32 students
were divided into trained (n=16) and untrained (n=16) groups based
on their participation in the university’s Sports Student Activity
Unit. VO:Max and recovery times were measured before and after
a Six-Minute Walking Test (6MWT). Data were analyzed using
paired and unpaired t-tests. Results showed significant
improvements in VO:Max in both groups (trained: p=0.002;
untrained: p<0.001) and significant differences in post-exercise
VO:Max between groups (p=0.005). Recovery times also
significantly differed (trained: 85.94 + 8.14 vs. untrained: 96.81 +
12.03; p=0.005). These findings highlight the positive physiological
effects of regular exercise on cardiovascular endurance and
recovery capacity. The study implies that integrating structured
sports programs into academic institutions could enhance students'
overall health and physical fitness, particularly in cognitively
demanding environments like medical faculties. Future research
should explore long-term training modalities, such as HIIT or
moderate-intensity training, and their sustained impacts on VO-Max
and physiological recovery across diverse student populations.
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INTRODUCTION

The lifestyle of today's people who tend to have a sedentary /ifestyle or do not do much physical
activity is something to watch out for because this habit can have an impact on health. Various kinds of
deterioration of organ function in this sedated society can be prevented through exercise. It is proven
that increased physical freshness is associated with a reduced risk of cardiovascular disease in children
and adolescents, as well as a decrease in blood pressure in men and women (Ibrahim & Mohamed,
2021).

Along with the improvement and development in today's technological world, it facilitates all
activities so that it causes us to move less (low body movement) or often referred to as hypokinetic. This
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can cause overweight and obesity resulting in symptoms and the onset of diseases such as diabetes,
cholesterol, hypertension, and also the risk of heart disease (cardiovaskuler) (Karim, 2002).

Absent physical activity (lack of physical activity) is an independent risk factor for chronic
disease, and overall is thought to cause death globally (Fraser et al., 1983).

The WHO states that physical activity insufficiency ranks 4th in the world in risk factors that
cause death. Regular physical activity is beneficial for regulating weight, strengthening the heart
system, and blood vessels. It is estimated that there are 3.2 million deaths and 32.1 million Disability-
adjusted Life Years (DALYS) which represents approximately 2.1% per year which contributes to the
number of physical activity insufficiencies. People with physical activity insufficiency mortality of up
to 20%-30% compared to people who spend 30 minutes per week exercising (Alvarez et al., 2023; Shear
et al., 1986).

The results of cardiorespiratory endurance studies conducted in the United States show that there
is a relationship between VO2Max values and the risk of cardiovascular disease. The results of the study
stated that a person with a poor Maximum Oxygen Volume value is at a higher risk of suffering from
cardiovascular disease than a person who has a good VO2Max value even though the person is obese
(Tangkilisan et al., 2013). Studies in several countries showed low VO2Max status in the population
studied. African-American youth (6-18 years) had a low cardiorespiratory fitness status with a value of
29.8 ml/kg/min (WHO, 2017).

A study conducted in Augusta, Georgia in 2005, on school students with an average age of 16
years showed that the average VO2Max value was 38.7 ml/kg/min, which means that it was at a low
level (Ministry of Health of the Republic of Indonesia, 2013). Studies on Iranian children aged 13-17
years have shown that their grades are at a low to medium level compared to other populations (C. Lee
etal., 2001).

Regular physical activity has a significant protective effect against the possibility of contracting
several diseases. On the other hand, a sedentary lifestyle is known to be at risk of these things happening.
According to the National Health Survey, the prevalence of the population who do not do physical
activity is 72.9% (8. J. Lee & Arslanian, 2007).

According to the Basic Health Research of the Ministry of Health of the Republic of Indonesia,
the criteria for 'active' physical activity are individuals who engage in strenuous or moderate physical
activity or both, while the criteria for "less active" are individuals who do not engage in moderate or
strenuous physical activity. 'Less active' behaviors such as sedentary behavior are relaxed behaviors
such as sitting, lying down or examples of daily life behaviors such as watching TV, playing games.
This behavior is a risky behavior for blockage of blood vessels and affects life expectancy. In Indonesia,
the average population aged >10 years who do 'active' physical activity is 73.9% and those who do 'less
active' physical activity is 26.1%. For sedentary behavior in Indonesia with the criterion of 3-5.9 hours
a day with an age of >10 years shows a figure of 42% (Huang & Malina, 2002). According to data from
the Central Statistics Agency of Indonesia's population, those aged 10 years and above who played
sports in 2009 were 21.76%, increasing in 2012 to 24.9% (Amra et al., 2009).

Based on the above data showing high results, several studies have also been conducted in
Indonesia and most of them show that the VO2Max value is still low. Research on VO2Max values
conducted in 31 provinces in children aged 7-13 years stated that the average VO2Max value of
respondents was low, which was 29 ml/kg/min (Widayati, 2018).

There are several factors that have been proven to be related to VO2Max values, VO2Max values
that are influenced by gender. A study of children aged 8-15 years in Portugal suggested that male
respondents had better VO2max values than female respondents (Gandasari & Manurung, 2020). A
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study conducted in the United States with respondents aged 12-19 also came to the same conclusion
that male respondents had better VO2Max values than females (Candra Dewi et al., 2020).

Exercise or physical exercise is very important to maintain and improve physical freshness. What
is called physical freshness is the body's ability to adjust to the physical load given to it so that it can
avoid excessive fatigue (Kushartanti, 2015).

Higher physical freshness can improve the appearance of athletes and reduce the likelihood of
injury (Sherwood, 2011). The most important element in physical freshness is cardiorespiratory
endurance. Cardiorespiratory endurance is the ability of the heart and lungs as well as blood vessels to
function optimally at rest as well as exercise to take in oxygen and then distribute it to active tissues to
be used in the body's metabolic processes (Puspa, 2009).

The purpose of this study is to determine the effect of sports activities on changes in Maximum
Oxygen Volume (VO;Max) and the difference in recovery period between trained and untrained student
groups at the Faculty of Medicine, University of Muhammadiyah North Sumatra. While prior research
has extensively examined the relationship between physical activity and VO:2Max in varied populations,
including Iranian, Portuguese, and American adolescents (Lee et al., 2001; Candra Dewi et al., 2020;
WHO, 2017), this study presents a contextual novelty by focusing specifically on medical students at
the University of Muhammadiyah North Sumatra—a population with demanding cognitive load but
potentially limited physical engagement. Furthermore, the study contrasts trained (active in the sports
student unit) and untrained student groups using the Six-Minute Walking Test (6MWT), providing
empirical data on both VO:Max and recovery time pre- and post-exercise. Although similar studies
(Budriarsa, 2013; Giriwijoyo & Sidik, 2013; Krisnawati et al., 2021) have addressed fitness and
cardiovascular outcomes, this research distinctively integrates localized demographic data, direct
physiological assessments, and training status differentiation—adding value to academic discourse on
student health and informing future physical fitness interventions in university settings.

METHOD

This research is in the form of an experimental study. Data were obtained before and after the
six-minute walking test (6MWT). This research was conducted at the Faculty of Medicine, University
of Muhammadiyah North Sumatra starting from September to December 2016. The target population
in this study is all students of the Faculty of Medicine, University of Muhammadiyah North Sumatra
divided into trained student groups, namely participating in the Sports Student Activity Unit, and
untrained student groups at the Faculty of Medicine, University of Muhammadiyah North Sumatra. The
sample used in this study is a group of trained and untrained students who meet the inclusion criteria at
the Faculty of Medicine, University of Muhammadiyah North Sumatra. Sampling technique using the
consecutive sampling method.

RESULT AND DISCUSSION
Description of respondent characteristics

Respondent data collection was carried out at the Faculty of Medicine, University of
Muhammadiyah North Sumatra. The data measured first was the measurement of weight, height, then
the body mass index of each respondent was determined. Then a physical examination was carried out,
namely a muscle strength check using a Manual Muscle Test (MMT), a balance test using a balance
test (quick test) before a six-minute walking test. Then blood pressure and pulse rest before and after
doing the six-minute walking test.
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The data obtained will be analyzed so that it can be known. who are willing to become samples,
sign an informed concent, fill out questionnaire measuring instruments and all research protocols have
been approved by the ethics commission of the Faculty of Medicine, University of North Sumatra NO.
22 /TGL/KEPK FK USU-RSUP HAM/2017.

Respondent demographic data

The students who became respondents amounted to 32 people who were determined through an
average formula for two independent groups. Subjects with a group of trained students were 16 people
(50%), and respondents with an untrained student group were 16 people (50%).

Gender frequency distribution

Based on the results of the research conducted, it can be seen that the distribution of the most
gender frequencies is from 32 students, there are 17 people with male sex frequencies (53.1%) and 15
people with female sex frequencies (46.9%).

M laki-laki ® perempuan

Figure 1. Sex frequency distribution diagram

Age frequency distribution
Based on the results of the study on 32 students, it was found that the distribution of the highest
age frequency was 21 years as many as 17 people with a percentage of 53.1%, followed by the age of
22 years which was 7 people (21.9%). Then followed by 5 people (15.6%) at the age of 20 years, then
2 people (6.3%) at the age of 19 (6.3%), and 1 person (3.1%) at the age of 23 years (3.1%) who became
the lowest representative.
6,3%

H19Tahun ®20Tahun ®21Tahun ®22Tahun ®23Tahun

Figure 2. Age frequency distribution diagram
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Deskriptif data
VO2Max group of trained students.
Table 1. Average VO2Max scores of the group of trained students.

VO2Max Trained Student Group Average (Standard Deviation)
Before 6 MWT 69.0819 (13.28436)
After 6 MWT 67.4475 (12.53702)

The results of the VO2Max measurement before the six-minute walking test in the group of
trained students were obtained on average 69.0819 ml/kg/min with 67.4475 ml/kg/min after
VO2Max group of untrained students
Table 2. Average VO2Max scores of the untrained group of students.

VO2Max Untrained Student Group Average (Standard Deviation)
Before 6 MWT 60.7381 (13.00182)
After 6 MWT 56.3463 (11.64904)

The results of the VO2Max measurement before the six-minute walking test in the group of
untrained students were obtained on average 60.7381 ml/kg/min with 56.3463 ml/kg/min after 56.3463
ml/kg/min. The results of VO2Max measurements in trained and untrained students before the six-
minute walking test showed differences and changes after the six-minute walking test exercise.
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Figure 3. Graph Average VO2Max scores before and after the six minute walking test
(6MWT)) between the group of trained and untrained students

Recovery Period
Table 3 The average value of the recovery period of the group of trained and untrained

students.
Recovery Time) Average (Standard Deviation)
Trained Student Groups 85.9375 (8.13608)
Untrained Student Groups 96.8125 (12.02896)
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In the untrained student group, the average recovery period was 96.8125 X/i, while in the
untrained student group, the average recovery period was 85.9375 X/i
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Figure 4. Graph The average value of the recovery period of the six minute walking test
(6MWT) between the group of trained and untrained students

Results of statistical analysis
Statistical analysis of variables
a. Normality Test
The measurement results were carried out a normality test to see the distribution of
numerical data. Data that are normally distributed will be parametric tests while those that are not
normally distributed will be tested non-parameterically. After the normality test was carried out,
the following results were obtained.
Table 4. Tests of VO2Max normality and recovery period of trained and untrained student

groups.

Nilai p Shapiro-Wilk
The difference in VO2Max in the group of 0,064
trained students
The difference in VO2Max in the group of 0,787
untrained students
A Period of Recovery for Trained Students 0,070
Recovery period of untrained students 0,254

Based on the table above, it shows that the results of the normality test on all differences in
VO2Max data for the group of trained and untrained students before and after 6 minutes walking
distance/test (6MWT), and the recovery period shows a normal distribution of data distribution
(p>0.05), then a parametric test will be performed. So that in this test, a paired t-test and a non-
paired t-test are carried out

b. VO2Max difference between trained and untrained student groups
Table 5. Paired t-tests before and after the six-minute walking practice test for the group of
trained students
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Rerata (s.b) Difference IK 95% Value
(s-b) p
VO2Max before the group 69.089(13.284) 1,634(1,721) 0,71-2,5 0,002
of trained students (n=16)
VO2Max after the group of  67.447(12.537)
trained students (n=16)
s.b : Baku Junction
IK : Trust Index
Paired t-test
Based on the table above, it shows that the results of the paired t-test obtained a significant
difference in VO2Max for the group of trained students before and after the six-minute walking
distance/test (6MWT) with a value of p=0.002 (p<0.05). It can be concluded that Ho was rejected
and there was a difference in the six minute walking distance/test (6MWT) to VO2Max.

Table 6. Paired t-tests before and after the six-minute walking practice test group of untrained
students.
Rerata (s.b) Difference IK 95% Value
(s-b) p

VO2Max before the 60.738(13.01)  4.39 (3.20) 2.68-6.10  <0,001
untrained group of students
(n=16)
VO2Max after the group of 56.346(11.65)
untrained students (n=16)

s.b : Baku Junction
IK : Trust Index
Paired t-test
Based on the table above, it shows that the results of the paired t-test were obtained with a
significant difference in VO2Max for the group of untrained students before and after the six-
minute walking distance/test (6MWT) test with a value of p=0.001 (p<0.05). It can be concluded
that Ho was rejected and there was a difference in the six minute walking distance/test (6MWT) to
VO2Max
c. Difference in VO2Max before and after between the group of trained and untrained students

Table 7. Unpaired t-test differences before and after the six-minute walking practice test group
of trained and untrained students.

Rerata (s.b) Value Average difference
p (IK 95%)
VO2Max group of trained 1.63(1.72) 0.005 2.76(0.90-4,61)

students (n=16)
VO2Max of the untrained group  4.39(3.20)
of students (n=16)
Unpaired t-test
Based on the table above, it shows that the results of the unpaired t-test found a significant

difference in VO2Max between the two groups, namely the group of trained and untrained
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students. with a value of p=0.005 (p<0.05). It can be concluded that Ho was rejected, and there
was a difference between the group of trained and untrained students. with the six-minute walking
distance/test (6MWT) method
d. Difference in recovery period between trained and untrained student groups
Table 8. Unpaired t-test recovery period a six-minute walking practice test between a
group of trained and untrained students.
Rerata (s.b)  Value p Average difference

(IK 95%)
A Period of Recovery for 85,94(8,14) 0,005 10,88(3,46-18,29)
Trained Students
Recovery period of untrained 96,81(12,03)
students

Unpaired t-test
Based on the table above, it shows that the results of the unpaired t-test were obtained
with a significant difference in the recovery period between the two groups, namely the group of
trained and untrained students. with a value of p=0.005 (p<0.05). It can be concluded that Ho was
rejected, and there is a difference between the group of trained and untrained students. with the
six-minute walking distance/test (6MWT) method

Discussion

The results showed that the majority of respondents were 21 years old, followed by 22 years old,
then 20 years old, followed by 19 years old, and 23 years old. Because the class of 2013 is the highest
batch at this time and the most who participate in the student sports activity unit, where the class of
2013 is dominated by students who are 21 years old. The sample in this study consisted of 17 men and
15 women. The number of male samples is more than that of women because in this population the
number of men is more dominant than women.

The results of the analysis of paired t-test data obtained a significant difference in VO2 Max
between the two groups, namely the group of trained and untrained students before and after the six-
minute walking distance/test (6MWT) was carried out. And an analysis of unpaired t-test data showed
that there was a significant difference between the difference before and after the six-minute walking
test in the trained and untrained groups of students. There was also a significant difference in the
recovery period between the two groups, namely the group of trained and untrained students. This result
is in line with a study conducted in 2012, a significant difference in average scores between students
who regularly exercise and students who do not regularly exercise with a value of p = 0.000 (p<0.001)
(Herman, 2014).

The results of VO2Max measurements in trained and untrained students before the six-minute
walking test showed differences and changes after the six-minute walking test exercise. Because there
are many factors that influence and determine the VO2Max value. The factors that affect the change in
VO2Max are 1) cardiorespiratory endurance, 2) body composition, 3) red blood cells (haemoglobin),
4) muscle strength, 5) muscle endurance. And the determining factors are 1) age, 2) gender, 3) genetics,
4) temperature, 5) training conditions.

The effect of exercise causes an increase in the efficiency of the work of a trained person's lungs
so that they can process more air, with less energy. During laborious work, a trained person can process
air almost twice as much per minute as an untrained person. Then trained people can provide more
oxygen to be used in the process of energy formation. The muscles of the athletes are well developed,
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as are the hearts (Krisnawati et al., 2021). This is in line with the results of a study conducted by Huldani
in 2008 showing that students who practice football have a greater VO2Max than those who do not
practice which statistically means p<0.005 (Budriarsa, 2013).

The above is supported by the results of a study conducted by Deasy, that the intensity of a
person's physical exercise is directly proportional to his VO2Max value. A person who does physical
exercise regularly will have a better VO2 Max value compared to someone who does not do physical
exercise (Prianto et al., 2022).

In this study, the results of the measurement of recovery periods in trained and untrained students
showed significant differences and changes, after the six-minute walking practice test exercise. As the
theory mentions Decreased Heart Rate: Trained people will have a lower resting heart rate than
untrained people. A lower heart rate results in higher VO2Max values in trained people. The heart rate
can decrease after doing physical exercise for a certain amount of time, this is the body's compensation
for physical exercise. As a result, trained people will work more effectively than untrained people. This
is in accordance with research conducted on medical students of the Islamic University of Indonesia, it
was found that there was a significant difference between the trained group, namely DIY runner athletes,
and the group of FK UII students who were not trained (p=0.004) (Giriwijoyo & Sidik, 2013).

In general, when a person becomes in better fitness, then the resting pulse will be slower, a sign
that the heart is pumping blood more efficiently. So the effectiveness of the heart pump of each heart
beat can be 40%-50% greater in highly trained athletes compared to untrained people (Asnawati et al.,
2013).

Pulse is an indicator to see the intensity of exercise or work being done. In one person, there is a
linear relationship between intensity and pulse, meaning that an increase in the intensity of work or
exercise will be followed by an increase in pulse rate accordingly. Pulse monitoring is carried out every
time immediately after finishing doing health exercise within a time limit of ten seconds and must
always be done to find out what the pulse value it reaches, so that the intensity of the physical exercise
carried out can be adjusted again (Man et al., 2017).

Some of the advantages found in this study are that this research is the first research conducted
at the Faculty of Medicine, University of Muhammadiyah North Sumatra so that it can be a new learning
material for the faculty so that it can be developed by other students to conduct similar research in the
future, and this research can be a reference material for the faculty to find out the physical fitness, both
physical and spiritual, of students and student (Mapanyukki, 2011).

Some of the limitations found in this study are due to the limitations of time, energy and
materials, so the research design used is cross sectional, the measurement of the variables is only done
once, at a time. The pulse test was done manually and counted for 15 seconds, requiring a long study
time, because the study subjects who met the research criteria were difficult to coordinate to undergo
the VO2Max test and the recovery period (recovery).

CONCLUSION

The study found significant differences in VO2Max (paired t-test: trained p<0.002, untrained
p<0.001) and recovery (unpaired t-test: p<0.005) between trained and untrained students after the
6MWT, with influencing factors including cardiorespiratory endurance, body composition,
hemoglobin, muscle strength/endurance, and non-modifiable factors like age, gender, and genetics.
Future research should investigate long-term effects of structured training (e.g., HIIT vs. MICT over 8—
12 weeks) on VO2Max and recovery, while quantifying the impact of modifiable (training, diet) vs.
non-modifiable (genetics) factors using advanced modeling. Additionally, exploring physiological
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markers (e.g., heart rate variability, lactate clearance) and population-specific adaptations (e.g., athletes,
elderly) could optimize training protocols and clarify individual variability in cardiorespiratory fitness.
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