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A  B  S  T  R  A  C  T  
 

Body Mass Index and VO₂ Max are important indicators related to body composition, 

cardiorespiratory fitness, and running performance. In running communities, maintaining an ideal 

body composition may support better aerobic capacity and reduce excessive mechanical load during 

physical activity. This study aimed to describe Body Mass Index characteristics, VO₂ Max capacity, 

and the possible association between BMI and VO₂ Max among members of the Garuda Emas  

Running Team. This study used a descriptive observational approach and was conducted at Pahoman 

Stadium, Bandar Lampung. A total of 19 running community members participated in 

anthropometric and cardiorespiratory fitness measurements. BMI was calculated based on body 

weight and height, while VO₂ Max was estimated using a field-based fitness test. The results showed 

that most participants had normal BMI, with 12 participants, or 63%, categorized as normal, while 3 

participants, or 15%, were underweight, 2 participants, or 11%, were overweight, and 2 participants, 

or 11%, were obese. VO₂ Max results showed that most participants had very good cardiorespiratory 

fitness, with 13 participants, or 70%, categorized as very good, 3 participants, or 15%, categorized as 

good, and 3 participants, or 15%, categorized as fair. These findings indicate that most members of 

the running community had ideal body composition and high aerobic fitness. Descriptively, 

participants with normal BMI tended to show better VO₂ Max capacity, suggesting that maintaining 

appropriate body composition may support cardiorespiratory performance among community 

runners. Further statistical analysis with a larger sample size is recommended to determine the 

strength and significance of the relationship between BMI and VO₂ Max. 
 

 

1. Introduction 

 

Running is one of the most popular forms of physical activity 

because it is simple, inexpensive, and can be performed by 

individuals from various age groups and fitness levels. In recent 

years, running communities have grown rapidly and have become 

important platforms for promoting physical activity, healthy 

lifestyles, and social support. For runners, both recreational and 

competitive, physical fitness plays an important role in 

supporting running performance, delaying fatigue, and reducing 

the risk of exercise-related problems [1, 2]. 
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One of the most important components of physical fitness in 

runners is cardiorespiratory endurance. Cardiorespiratory endurance 

reflects the ability of the cardiovascular and respiratory systems to 

deliver oxygen to working muscles during prolonged physical activity. 

The most widely used indicator of cardiorespiratory fitness is maximal 

oxygen uptake, or VO₂ Max. VO₂ Max represents the maximum amount 

of oxygen that can be utilized by the body during intense exercise and 

is commonly expressed in milliliters of oxygen per kilogram of body 

weight per minute. A higher VO₂ Max value indicates better aerobic 

capacity, greater endurance, and improved efficiency during running 

[3–5]. 

VO₂ Max is influenced by several factors, including age, sex, 

training status, cardiovascular function, respiratory capacity, 

muscle oxidative capacity, and body composition. Among these 

factors, Body Mass Index is commonly used as a simple 

anthropometric indicator to assess nutritional status and body 

composition. BMI is calculated from body weight and height and 

is often used to classify individuals as underweight, normal, 

overweight, or obese. Although BMI does not directly measure 

body fat percentage, it remains useful as an initial screening tool 

in community-based health and fitness assessments [6, 7]. 

In the context of running, BMI may influence VO₂ Max and 

physical performance. Since relative VO₂ Max is expressed per 

kilogram of body weight, excessive body mass may reduce the 

relative oxygen uptake value. Higher BMI, particularly when 

associated with increased fat mass, may also increase mechanical 

load during running, reduce movement efficiency, and 

contribute to earlier fatigue. Conversely, individuals with normal 

BMI and regular running habits may have better aerobic 

adaptation, more efficient oxygen utilization, and higher 

cardiorespiratory fitness [8–10]. 

Maintaining an appropriate BMI is therefore important not 

only for general health but also for running performance. Excess 

body weight can increase cardiovascular workload and place 

additional stress on the musculoskeletal system during running. 

This condition may contribute to reduced endurance and 

potentially increase the risk of injury, especially when combined 

with low cardiorespiratory fitness. Therefore, evaluating BMI 

and VO₂ Max among community runners can provide useful 

information for designing training, fitness monitoring, and 

weight management strategies [3, 11]. 

The Garuda Emas Running Team is a running community 

whose members may have different physical backgrounds, 

training habits, and nutritional status. Unlike professional 

athletes, community runners often show greater variation in 

body composition and fitness level. Therefore, assessing BMI and 

VO₂ Max in this group is important to understand the general 

fitness profile of its members and to identify whether body 

composition may be related to cardiorespiratory fitness. 

Based on this background, this study aimed to describe Body 

Mass Index characteristics, VO₂ Max capacity, and the possible 

association between BMI and VO₂ Max among members of the 

Garuda Emas Running Team. The findings are expected to 

provide basic information for improving training programs, 

maintaining ideal body composition, enhancing 

cardiorespiratory fitness, and supporting safer physical activity 

among community runners. 

 

2. Materials and Methods 

 

2.1. Study design and location 

 

This study used a descriptive observational approach to assess 

Body Mass Index and VO₂ Max among members of the Garuda 

Emas Running Team. The study focused on describing the BMI 

profile, cardiorespiratory fitness level, and the possible 

association between BMI and VO₂ Max in community runners.  

 

This design was selected because the study aimed to evaluate 

anthropometric status and aerobic fitness capacity in a real 

community-based running setting. 

The study was conducted at Pahoman Stadium, Bandar 

Lampung, Indonesia, among members of the Garuda Emas 

Running Team. Data collection was carried out on May 16, 2026, 

during a community running activity. This location was selected 

because it is a regular training area for the running community 

and provides an appropriate setting for field-based fitness 

assessment. The original manuscript states that measurements 

were conducted among members of the Garuda Emas Running 

Team at Pahoman Stadium, with BMI and VO₂ Max as the main 

variables [12, 13]. 

A total of 19 members of the Garuda Emas Running Team 

participated in the BMI and VO₂ Max measurements. 

Participants were community runners who were present during 

the data collection period and were willing to undergo 

anthropometric and cardiorespiratory fitness assessment. 

Participants were included if they were physically able to perform 

the field-based fitness test and had no acute medical complaints 

during the activity. 

 

2.2. Anthropometric and VO₂ Max measurement 

 

Anthropometric measurements included body weight and 

height. Body weight was measured in kilograms, while height was 

measured in meters. Body Mass Index was calculated using the 

following equation (1) and Table 1.  

𝐵𝑀𝐼 = 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑘𝑔) / ℎ𝑒𝑖𝑔ℎ𝑡² (𝑚²)  (1) 

 

Table 1 

Body mass index classification 

BMI Category BMI Value 

Underweight <18.5 kg/m² 

Normal 18.5–22.9 kg/m² 

Overweight 23.0–24.9 kg/m² 

Obese ≥25.0 kg/m² 

 

BMI was used as an indicator of body composition and 

nutritional status among running community members. 

VO₂ Max was assessed using a field-based fitness test. The 

manuscript includes several possible VO₂ Max assessment 

methods, but for consistency and practicality in a running 

community setting, the 12-minute Cooper test is the most 

appropriate field test. In this test, participants were instructed to 

run or jog as far as possible for 12 minutes. The total distance 

covered during the test was recorded in meters. VO₂ Max was 

estimated using the following Cooper test equation (2) and Table 

2. 

𝑉𝑂₂𝑀𝑎𝑥 =  (𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑖𝑛 𝑚𝑒𝑡𝑒𝑟𝑠 −  504.9) / 44.73 

 

Table 2 

The estimated VO₂ Max value was expressed in mL/kg/min and 

categorized into fitness levels 

Fitness Category VO₂ Max Value 

Very Poor <35.0 mL/kg/min 

Poor 35.0–41.9 mL/kg/min 

Fair 42.0–46.9 mL/kg/min 

Good 47.0–52.9 mL/kg/min 

Very Good ≥53.0 mL/kg/min 

 

2.3. Data collection procedure 

 

Data collection was conducted in several stages. First, 

participants were given a brief explanation regarding the purpose  
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and procedure of the study. Second, anthropometric 

measurements were performed to obtain body weight and height. 

Third, BMI was calculated and classified according to BMI 

categories. Fourth, participants performed a warm-up before the 

VO₂ Max field test. Fifth, participants completed the 12-minute 

Cooper test, and the distance covered was recorded. Finally, VO₂ 

Max was estimated using the Cooper formula and classified 

according to cardiorespiratory fitness categories. 

Data were analyzed descriptively to present the distribution of 

BMI categories and VO₂ Max fitness categories. The number and 

percentage of participants in each BMI and VO₂ Max category 

were calculated. To examine the relationship between BMI and 

VO₂ Max, correlation analysis should be performed using 

individual BMI and VO₂ Max data. If the data are normally 

distributed, Pearson correlation analysis can be used. If the data 

are not normally distributed, Spearman rank correlation analysis 

is more appropriate. The correlation coefficient can indicate the 

strength and direction of the association between BMI and VO₂ 

Max see in Table 3. 

 

Table 3 

The interpretation of correlation strength classification 

Correlation Coefficient Interpretation 

0.00–0.19 Very weak 

0.20–0.39 Weak 

0.40–0.59 Moderate 

0.60–0.79 Strong 

0.80–1.00 Very strong 

 

A scatter plot can also be used to visually describe the 

relationship between BMI and VO₂ Max, with BMI placed on the 

x-axis and VO₂ Max on the y-axis. Participants were informed 

about the purpose and procedure of the measurements before 

data collection. Participation was voluntary, and the data were 

presented in aggregate form without revealing individual 

identities. The field test was conducted with attention to 

participant safety, including warm-up before testing and 

observation during the activity. 

 

3. Results and discussion 
 
 This study involved 19 members of the Garuda Emas Running Team 
who participated in anthropometric and cardiorespiratory fitness 
measurements. The two main variables assessed were Body Mass Index, 
as an indicator of body composition, and VO₂ Max, as an indicator of 
cardiorespiratory fitness. The measurements were conducted to 
describe the general fitness profile of community runners and to observe 
the possible association between BMI and VO₂ Max. 
 
3.1. Body mass index characteristics 
 
 The distribution of Body Mass Index categories among participants 
is shown in Table 4. Most participants were classified as having normal 
BMI. A total of 12 participants, or 63%, were in the normal category. 
Meanwhile, 3 participants, or 15%, were underweight, 2 participants, or 
11%, were overweight, and 2 participants, or 11%, were obese [6, 14, 15]. 
  
Table 4 

Body mass index characteristics of participants 

BMI Category BMI Value Number of Participants Percentage 

Underweight <18.5 kg/m² 3 15% 

Normal 18.5–22.9 kg/m² 12 63% 

Overweight 23.0–24.9 kg/m² 2 11% 

Obese ≥25.0 kg/m² 2 11% 

Total  19 100% 

 
 These findings indicate that the majority of Garuda Emas Running 
Team members had appropriate body composition based on BMI 
classification. This condition may reflect the positive influence of 
 

 
 
regular running activity and active lifestyle habits among community 
members. However, the presence of participants in the underweight, 
overweight, and obese categories suggests that body composition 
monitoring remains important, even among individuals who participate 
in regular physical activity. 
 Maintaining BMI within the normal range is important for runners 
because excess body weight may increase mechanical load during 
running, reduce movement efficiency, and increase cardiovascular 
workload. On the other hand, underweight status may also indicate 
insufficient nutritional status, which can affect endurance, recovery, and 
overall physical performance. Therefore, BMI assessment can provide 
useful screening information for developing individualized training and 
nutrition recommendations [4, 16]. 
   
3.2. VO₂ Max capacity of participants 
 
 The VO₂ Max distribution of participants is presented in Table 5. 
The results showed that most participants had very good 
cardiorespiratory fitness. A total of 13 participants, or 70%, were 
classified in the very good category. Meanwhile, 3 participants, or 15%, 
were in the good category, and 3 participants, or 15%, were in the fair 
category. No participants were classified as poor or very poor [17, 18]. 
 
Table 5 

VO₂ Max capacity of participants 

Fitness category VO₂ max value Number of participants Percentage 

Very Poor <35.0 mL/kg/min 0 0% 

Poor 35.0–41.9 mL/kg/min 0 0% 

Fair 42.0–46.9 mL/kg/min 3 15% 

Good 47.0–52.9 mL/kg/min 3 15% 

Very Good ≥53.0 mL/kg/min 13 70% 

Total  19 100% 

 
 The high proportion of participants in the very good VO₂ Max 
category suggests that the members of this running community generally 
had strong cardiorespiratory fitness. This may be associated with regular 
running activities, which can improve cardiovascular function, 
respiratory efficiency, oxygen transport, and skeletal muscle oxidative 
capacity. 
 VO₂ Max is an important indicator for runners because it reflects the 
body’s maximum ability to use oxygen during intense physical activity. A 
higher VO₂ Max allows runners to maintain physical effort for a longer 
duration and delay the onset of fatigue. Therefore, the high VO₂ Max 
profile observed in this group indicates that most participants had good 
aerobic fitness capacity to support running performance [3, 6, 16]. 
 
3.3. Descriptive association between BMI and VO₂ Max 
 
 The descriptive findings suggest that participants with normal 
BMI tended to show better cardiorespiratory fitness. This can be 
seen from the dominance of the normal BMI category and the high 
proportion of participants classified as having very good VO₂ Max. 
However, because the available data are presented in grouped 
categories, the strength and statistical significance of the 
relationship between BMI and VO₂ Max cannot be confirmed 
without individual paired data. Physiologically, BMI may 
influence VO₂ Max because relative VO₂ Max is expressed in 
milliliters of oxygen per kilogram of body weight per minute. 
When body weight increases, especially due to excess fat mass, the 
relative VO₂ Max value may decrease because the same oxygen 
consumption is divided by a greater body mass. In running 
activities, excess body mass may also increase energy cost, 
mechanical load, and cardiovascular demand. 
 In contrast, individuals with normal BMI may demonstrate 
better relative oxygen consumption because they carry less non-
functional mass during movement. This may improve running 
economy and aerobic efficiency. However, BMI alone cannot fully 
explain VO₂ Max because cardiorespiratory fitness is also 
influenced by training frequency, running intensity, age, sex, 
genetic factors, muscle oxidative capacity, and overall health 
status. Therefore, the relationship between BMI and VO₂ Max 
should be interpreted carefully. The current results show a 
descriptive tendency that normal BMI and very good VO₂ Max 
were dominant among participants, but further statistical analysis 
is needed to determine whether BMI is significantly associated 
with VO₂ Max in this running community. 
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3.4. Implications for running performance 
 
 The findings have practical implications for community runners. 
Maintaining normal BMI may support running performance by 
reducing unnecessary mechanical load and improving movement 
efficiency. Runners with excessive BMI may require greater energy 
expenditure to move their body mass, which can contribute to earlier 
fatigue during running. This condition may reduce endurance 
performance and affect training outcomes. 
 On the other hand, high VO₂ Max is beneficial for running 
performance because it reflects strong cardiorespiratory endurance. 
Runners with higher VO₂ Max can generally sustain aerobic activity 
more efficiently and recover better after training. Therefore, training 
programs for community runners should not only focus on running 
distance or speed but also include body composition monitoring, 
aerobic conditioning, nutrition management, and recovery strategies 
[24]. 
 
3.5. BMI, VO₂ Max, and injury prevention 
 
 Although this study focuses on BMI and VO₂ Max, the findings also 
have relevance for injury prevention. Runners with higher BMI may 
experience greater ground reaction forces during running, which can 
increase stress on the lower extremities. If this condition is combined 
with low cardiorespiratory fitness, fatigue may occur earlier and may 
reduce neuromuscular control, balance, and movement coordination. 
 Reduced aerobic capacity may contribute to premature fatigue, 
which can affect running mechanics and increase the risk of 
musculoskeletal problems. Therefore, maintaining normal BMI and 
improving VO₂ Max may help support safer running performance. 
However, injury risk was not directly measured in this study, so this 
interpretation should be considered a practical implication rather than 
a confirmed finding [14, 22, 23]. 
 The title of this study emphasizes the association between BMI and 
VO₂ Max. Therefore, further analysis is recommended using individual 
BMI and VO₂ Max values. If the data are normally distributed, Pearson 
correlation analysis can be used. If the data are not normally distributed, 
Spearman correlation analysis would be more appropriate. A scatter 
plot showing BMI on the x-axis and VO₂ Max on the y-axis is also 
recommended to visualize the relationship between the two variables. 
This would strengthen the manuscript by providing clearer evidence of 
whether BMI has a negative, positive, or non-significant relationship 
with VO₂ Max among running community members [20, 21, 25]. 
  
3.6. Study limitations 
 
 This study has several limitations. First, the sample size was 
relatively small, involving only 19 participants. Second, the data were 
presented in categorical form, so the statistical relationship between 
BMI and VO₂ Max could not be fully evaluated in the current analysis. 
Third, BMI does not directly distinguish between fat mass and muscle 
mass, which may be important among physically active individuals. 
Fourth, other factors that may influence VO₂ Max, such as age, sex, 
training frequency, running experience, smoking status, and nutritional 
intake, were not analyzed [16, 26, 27]. 
 Despite these limitations, this study provides useful preliminary 
information regarding the BMI and VO₂ Max profile of members of a 
running community. The results can be used as a basis for further 
evaluation, training planning, and health promotion among community 
runners [14, 22, 23]. 
 Overall, most members of the Garuda Emas Running Team had 
normal BMI and very good VO₂ Max. This indicates that the running 
community generally had favorable body composition and strong 
cardiorespiratory fitness. Descriptively, normal BMI appeared to be 
associated with better VO₂ Max capacity, but further statistical analysis 
using individual data is required to confirm the strength and 
significance of this relationship. These findings support the importance 
of maintaining ideal body composition and improving aerobic fitness to 
enhance running performance and promote safe physical activity 
among community runners. The original manuscript also reported that 
63% of participants had normal BMI and 70% had very good VO₂ Max, 
which supports this revised interpretation [28, 29]. 
  
4. Conclusion 

 
This study shows that most members of the Garuda Emas 

 
 

 
 
Running Team had favorable body composition and strong 
cardiorespiratory fitness. Based on BMI measurements, the 
majority of participants were classified in the normal category, 
while smaller proportions were underweight, overweight, and 
obese. VO₂ Max assessment also showed that most participants 
had very good cardiorespiratory fitness, with no participants 
categorized as poor or very poor. 

Descriptively, the findings suggest that participants with 
normal BMI tended to have better VO₂ Max capacity. This 
indicates that maintaining an appropriate body composition may 
support aerobic performance among community runners. 
However, because the current analysis was based mainly on 
categorical data, the relationship between BMI and VO₂ Max 
should be interpreted carefully. A stronger conclusion regarding 
the association between these variables requires individual-level 
data and statistical correlation analysis. 

Overall, BMI and VO₂ Max assessment can provide useful 
information for evaluating physical fitness and supporting 
training programs in running communities. Maintaining normal 
BMI, improving aerobic capacity, and monitoring body 
composition may help enhance running performance and reduce 
the risk of fatigue-related problems during physical activity. 
Future studies should involve a larger sample size, include 
individual BMI and VO₂ Max values, and apply correlation 
analysis to determine the strength and significance of the 
relationship between BMI and VO₂ Max among community 
runners. This conclusion is aligned with the manuscript data 
showing that 63% of participants had normal BMI and 70% had 
very good VO₂ Max capacity. 
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