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ABSTRACT 

The support for recording achievements in sports achievements, two of which are the ability to enter oxygen (O2) 

into the lungs and further the ability to take up this oxygen so that it can be utilized in the process of providing 
energy. The second function of O2 is to transport carbon dioxide (CO2) through respiration. These two processes 
are carried out simultaneously at least between the respiratory cycle and its close relationship with hemoglobin. 
Hemoglobin is part of the blood which has a function to bind O2 and CO2 at the end in the process of respiration. 
The purpose of this study was to determine evidence of a relationship between HB and VO2max. This research is 
a descriptive correlational study. Samples are sports athletes who are preparing for Pre PAPUA. The number of 
samples was 83 athletes in the game group consisting of sand volleyball (6), badminton (17), Petanque (12), table 
tennis (13), and Futsal (35). Measurement of VO2max was done by using the Bleep test and HB with the Hb test. 
Based on Kendall's tau non-parametric analysis, it is found that HB and VO2max are sufficiently correlated, so it 
is not certain that the higher the HB the higher the VO2max, although in the process of supplying energy these 
two variables are mutually supportive and relate.  
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INTRODUCTION  

Each person's VO2max capacity varies. This is not immediately obtained. It takes regular exercise over a 

long period of time. While the adaptation of exercise with the adaptation of increasing VO2max for each 

individual is not the same (Joyner & Lundby, 2018). It was found that performance and peak oxygen-using 

ability were related to VO2max ability (Decroix et al., 2016). The fact that long distance runners are dominated 

by runners from Kenya, the results of the study show that the work of the respiratory muscles is high and the 

body of Kenyan runners requires less energy in their work physiologically (Larsen & Sheel, 2015). 

Research conducted by Russians found that to determine a person's aerobic level can be predicted by 

looking at parental genes, a study was conducted on 230 Russian athletes and 1459 as controllers, a study was 

conducted using single-nucleotide polymorphisms (SNPs) (Ahmetov et al., 2015). Based on this research, it 

can explain that as one of the factors / variables to see the quality of athletes, it can be seen from the factors 

of parents. It cannot be concluded that if the parents are athletes, then their children are also athletes, but it is 

more understood that an athlete's child will tend to have the same potential as his parents. Various other studies 

have also been conducted such as block training did not increase VO2max (Manchado et al., 2018). Likewise, 
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training with the traditional weight training system also cannot increase VO2max (Manchado et al., 2018). 

This research review concludes that not all exercises can increase VO2max, weight training with the block 

system training with the traditional system (Manchado et al., 2018), apparently unable to increase VO2max. 

Physical activity for pleasure can actually improve physical fitness, reduce weight and increase VO2max, 

in postoperative patients who have not done physical activity for a long time (Tettero et al., 2018). In the next 

stage the results will be even greater after doing sports activities, especially on VO2max (Tettero et al., 2018).  

Futsal training by competing for 12 weeks 4x / week can actually increase your aerobic ability by more than 

7% (Barbieri et al., 2016). It turns out that based on the results of research on circulatory systems that are 

controlled with a homeistatic system, research on climbing athletes recommends training to increase aerobic 

capacity in the local arm and increase overall body eorobicness (Fryer et al., 2018). Climbing for 60 minutes 

3 times as high as 8 weeks was found to increase VO2max (5.54%, P <0.01) (Aras & Akalan, 2016), after 

being monitored it turned out that this climb entered the intensity of 70%. Based on this research review, it 

can be understood that the VO2max capability is general in nature and some is special. Improvement can be 

done in various ways, either by just doing physical activities (Tettero et al., 2018), playing futsal (Barbieri et 

al., 2016), or climbing walls (Aras & Akalan, 2016). Being a key suggestion in the exercises given in this 

study is that the exercises are carried out continuously and regularly. 

Based on a review of 53 international journal articles, it is stated that slow interval training (≤30 s), low 

volume (≤5 min), and short-term exercise (≤4 weeks) with high intensity is effective and efficient for 

increasing VO2Max (Wen et al., 2019).  The next meta-analysis states that the maximum effect on VO2max 

is exercise with long intervals (≥2 min), high volume (≥15 min) and moderate exercise for (≥4-12 weeks) with 

high and moderate intensity (Wen et al., 2019).  VO2max correlates with the ability to do repetitive sprint 

training (Gharbi et al., 2015). Football players aged 16-18 years were tested with a cooper test, the average 

VO2max was 39.7 with a minimum of 35.7 and a maximum VO2max of 50.4 (Bramasko & Kafrawi, 2016). 

A review of the research conducted, agrees that VO2max is important, secondly, various efforts have been 

made to increase this ability, the three VO2max affects the performance of athletes, the four various types of 

physical activity ranging from low to high intensity can be used to increase VO2max. In principle, VO2max 

is used to increase the ability to enter O2. Furthermore, this task was then taken over by HB. HB carries out 

its function as a carrier of oxygen in the blood. If anemia occurs, the number of HBs in the blood for boys and 

girls is below 13 and 12, this will lead to a decrease in aerobic gunsi (Baron et al., 2014; Musallam et al., 

2011). Many factors appear to influence the amount of HB in the blood, including altitude, intensity, and 

duration of exercise, genetics, iron intake, history of disease. Based on the research, it is known that HB levels 

can be seen from the ability of VO2max (endurance) (Jacobs et al., 2011). So that data about the relationship 

between VO2max and HB is needed for the benefit of further training. The purpose of this study was to prove 

the relationship between HB and VO2 max. 

 

METHODS  

This research is a descriptive correlational study. The variables in this study were VO2max and 

hemoglobin. Samples were West Kalimantan PON athletes who were preparing to face PON Papua from the 

sport of games. The sports that were sampled in this study were 83 volleyball sand (6), badminton (17), 

Pentaque (12), table tennis (13), Futsal (35) with the number of male athletes 39 athletes and female athletes 

44 athletes. Data were collected by performing tests and measurements of the sample. The test used to 

determine VO2 max capacity is the bleep test, while to find out HB with the HB test. Data were analyzed 

descriptively, and correlation. 
 

RESULTS AND DISCUSSIONS  

This research was conducted from May to September 2019, with the assistance of 12 students from the 

Tanjungpura University Sports Coaching study program as research assistants where the implementation of 

data collection was carried out in the KONI building in West Kalimantan. Athletes are tested first with an Hb 

test in the room then the VO2 max test is carried out in the field using the Bleep test. Further data can be seen 

in table 1. 
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Table 1. Data Description of HB and VO2max 

 N Minimum Maximum Mean Std. Deviation 

HB 83 10.00 20.60 14.1664 2.21133 

VO2max 83 22.00 49.60 33.0000 7.58744 

 

Based on table 1, it is found that the number of athletes measured in this study were 83 athletes who were 

sand volleyball (6), badminton (17), Pentaque (12), table tennis (13), Futsal (35). Obtained HB mean of 

athletes was 14.16 and VO2max 33.00. Looking at the VO2max data based on the mean and standard deviation 

of 7.58744, it can be seen that there is a wide range of VO2max altets in West Kalimantan. This can be seen 

from a minimum value of 22.00 to 49.00. 

 
Table 2. The Results of the Normality Test 

Tests of Normality 

 
Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

HB .095 83 .063 .980 83 .218 

VO2 maks .159 83 .000 .923 83 .000 

a. Lilliefors Significance Correction 

 

The HB data is normally distributed with a significance value of 0.063, while VO2max is not normally 

distributed, but this is indicated by the number 0.000. Furthermore, the analysis was continued with non-

parametric statistics with the Kird Kendal test. 

 
Table 3. Results of Non Parametric Correlation Test 

 HB VO2 maks 

Kendall's tau_b HB Correlation Coefficient 1.000 .484** 

Sig. (2-tailed) . .000 

N 83 83 

VO2 maks Correlation Coefficient .484** 1.000 

Sig. (2-tailed) .000 . 

N 83 83 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Sources of data come from the same or paired data, so the analysis is suitable using Kendal tau. Unlike the 

non-parametric Kendall's tau correlation test, the correlation number is 0.484 with a significant count of 0.000. 

If you look at these results, there is a correlation between HB and VO2max, but the correlation is here 

sufficient correlation. The results of this correlation can be stated as correlated but not high. 

Based on the results of the study with a sample of 83 athletes, it was obtained data that the mean HB was 

14.16 and VO2max was 33.00, the category for HB tended to be relatively normal and VO2max was in the 

low category. In terms of HB altet, West Kalimantan can be said to be safe, but from the side of VO2max it 

is still lacking. The logic is that a high VO2max will allow the body to have a large supply of oxygen. 

Physiologically, it remains only to see the next variable, namely whether the carrier (HB) is available in large 

quantities. The bigger carrier is the more O2 that can be caught. By capturing this O2 and vice versa, the 

process of removing CO2 as a residue from oxidation will also be easier and be faster so various efforts were 

made to increase these VO2max and HB levels. Various studies that have been carried out to increase VO2max 

can be classified into three groups, firstly low-intensity training, secondly high-intensity training, and the third 

training by playing according to the season. The next discussion is how the relationship between VO2max and 

HB. So that the next discussion is presented as follows: 

 

Low Intensity Exercise to Increase VO2max 

There is an effect of VO2max on the elderly by practicing the Rose Pencaksilat Jurus (Dahlan & Patawari, 

2019). By doing a healthy heart exercise for the elderly, it turns out that it can increase the heart's ability from 
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6.73 ml / kg / minute to 6.78 ml / kg / minute (Lengkong et al., 2016). There is a relationship between VO2max 

and the rate of decreased pulse rate (Hutama & Yuliastrid, 2016).  Fartlek training 3 times a week for 6 weeks 

can increase VO2max (Warni et al., 2017). 15 minutes of running exercise can increase VO2max (Artanty & 

Lufthansa, 2017). Fartlek training is influential and can increase VO2max (Syaroni & Kusuma, 2020). 

 

Exercise by Playing to Increase VO2max 

Training by participating in competitions, or making competitions or just playing, can actually increase 

VO2max ability, as evidence that training with small field games can actually increase VO2max 6.62% 

(Kusuma & Purnomo, 2020) Training with 3vs3 small games increases VO2max 2 , 43% and 4vs4 3.64% 

(Puriana & Kurniawan, 2019). Small side game exercises can increase VO2max (Syaroni & Kusuma, 2020). 

Next is small sided game research, it turns out that it can also increase the VO2max ability of athletes aged 

11-12 years (Rizaldi et al., 2019). Training with small side games has resulted in an increase in VO2max in 

U-17 soccer altets (Putra et al., 2016). If you look specifically at the exercises that are carried out, either by 

playing or by using small games, if analyzed then this training actually enters into high intensity. With small 

games or small fields, athletes are forced to move quickly and have less rest time. If the exercise is carried out 

in a competition or made a competition, if the player does not actively take part in the game then, the 

hypothesis of aerobic ability needs to be questioned. 

 

Exercise at High to Increase VO2max with High Intensity 

Reviews of studies have provided evidence that high-intensity exercise has a positive effect on VO2max. 

Exercise with the circuit method on students showed a 7.22% increase in VO2max (Ashfahani, 2020). 8 weeks 

of High Intensity Interval Training can actually increase VO2max (Putra et al., 2017). The 12-minute CrossFit 

model of exercise can improve not only aerobics but also anaerobes (Bellar et al., 2015). TABATA training 

can significantly improve the VO2max ability of U_21 soccer athletes (Daya & Palmizal, 2019). TABATA 

exercise can increase VO2max (Herlan & Komarudin, 2020). Next to U-21 soccer athletes, training using 

TABATA has an effect on VO2max (Daya & Palmizal., 2020). Interval training can increase VO2max 

(Yunus, 2017). Exercise with circuit training and interval training can actually increase VO2max (Prakoso & 

Sugiyanto, 2017).  The training exercise that is carried out is a high intensity exercise, convincingly that this 

high intensity has an influence on the ability of VO2max for the experimental person who is given the 

treatment. The clear mechanics of high intensity exercise, the heart lung and muscular system are forced to 

work hard, and one of the effects is oxygen debt. With this oxygen debt, in theory, exercise adaptation, there 

will be supercompensation, training that is carried out for a long time, eventually supercompensation-

supercompensation will occur continuously and eventually there will be an increase in VO2max. 

 

HB and VO2max 

Red HB is the natural color of blood in which it contains iron which functions to bind O2 and CO2 

(Sherwood, 2016). The positive logic is that HB and VO2max are closely related (Schmidt & Prommer, 2010). 

There will be great advantages if HB and VO2max are high. There is evidence that athletes who are high in 

HB have good endurance (Malczewska-Lenczowska et al., 2016; Goodrich et al., 2018; Aryaputra et al., 2020). 

The problem is how to increase HB by means of sports, previous research has not yet reached agreement 

on the one hand with training in the highlands (Neya et al., 2012) and (Wehrlin et al., 2016) with hypoxia 

exercises can increase HB, but on the other hand there is no change in HB (Du Bois et al., 2014) intermitten 

hypoxic training (Roczniok et al., 2011). 

Meanwhile, based on the research that has been done, there is still little about how the exercise model 

increases HB. In essence, the exercise is hypoxic (a method of deliberately limiting oxygen intake). The reality 

in this study does not dare to declare conclusively that HB and VO2max have a close relationship, seeing that 

the resulting correlation value is still low. The existing research only states that the HB variable and VO2max 

have a positive relationship (Malczewska-Lenczowska et al., 2016; Goodrich et al., 2018; Aryaputra et al., 

2020). 
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The research literature provides recommendations for increasing HB by exercise by limiting oxygen intake, 

so that oxygen debt occurs and then by physiological adaptation of HB levels. Meanwhile, based on opinion 

(Otto, Montgomery, & Richards, 2013). A person's fitness can be represented by the relationship between HB 

and O2 which is seen in fitness capacity, and this is proven by other studies (Malczewska-Lenczowska et al., 

2016; Goodrich et al., 2018; Aryaputra et al., 2020). 

 

CONCLUSION  

Based on the data analysis, the conclusion in this study states that there is/is not a relationship between 

VO2max and HB. Based on the discussion and literature of this study, this is a strange thing. Considering that 

there is a physiological relationship between HB levels which function as a binder of O2 and CO2 in the 

process of the respiratory and oxidation chains with the O2 input expressed in VO2max. This study finally 

provides recommendations for the next experimental study by considering the effect of iron intake on HB 

increase compared with the treatment group that was given a placebo with an additional active treatment is 

exercise with a certain dose. This next study will answer the big question in the world of sports, how is the 

relationship between HB and VO2max. 
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