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ABSTRACT 

This study aimed to determine the possible relationship between fat percentage and hemoglobin 

levels on leg power levels. It employed an analytical observational design using a cross-sectional 

approach. The sampling technique applied was purposive sampling, with the sample studied 

involving 24 male volleyball athletes aged under 22 years. Hemoglobin was assessed using the 

cyanmethemoglobin method. Body fat percentage was measured using Bioelectrical Impedance 

Analysis with the Omron Karada Scan HBF-358, while leg power was evaluated using the vertical 

jump test. The results indicated a strong negative relationship between the percentage of body fat and 

leg power (p=0.002; r=-.610), and a strong positive relationship between hemoglobin levels and leg 

power (p=0.001; r=0.613). The study demonstrated that a higher body fat percentage is associated 

with high power levels. In contrast, elevated hemoglobin concentrations are also positively related to 

power, indicating that both oxygen-carrying capacity and body composition may influence muscular 

performance. 
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1. INTRODUCTION 

Sport is an interesting field of study, and many people involved in it are paying close 

attention to efforts aimed at improving various aspects, especially fitness and athletic performance, 

including in volleyball (Luzzeri & Chow, 2020; Waardenburg et al., 2019). Volleyball is a sport that 

is quite popular in various countries, including Indonesia, and has become an international sport 

(Coutinho et al., 2016). 
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The components of physical conditions needed for volleyball involve strength, power, 

endurance, and flexibility. However, strength and power are the most essential components (López-

Alonzo et al., 2016; Permana et al., 2022). An analysis of movement time in international men’s 

volleyball games shows that during a rally that lasts 12 seconds on average, the setting and attacking 

players make at least one jumping movement. In contrast, the front-court players make four or three 

block jumps (Hastuti, 2018). Each set of jumping movements varies according to the type of position 

when playing. Power is significant for every volleyball player to have to become a player at the 

highest level (Ziv & Lidor, 2010), saying that having a good jump will benefit both the player and the 

team. 

Apart from that, explosive power is an element of physical condition that has an essential role 

in volleyball (Benelguemar et al., 2020; Gantois et al., 2017), both as a supporting element in a 

particular movement and the main element in efforts to achieve perfect movement technique. Power 

is also vital for sports that require acceleration, such as sprinting, athletics, or sports whose 

movements are dominated by jumping, such as volleyball. Explosive power, in this case, the 

explosive power of the legs, is the ability of the leg muscles to move explosively in a short time. 

Volleyball requires explosive power, for example, when blocking the ball, smashing, and other 

jumping movements. 

Power ability is influenced by several factors, including hemoglobin levels and body 

composition (Huovinen et al., 2015; Mairbäurl, 2013). Hemoglobin is one of the important factors 

that influences athletes’ explosive power (Bachero-Mena et al., 2017; Škovierová et al., 2016). 

Hemoglobin is a protein in red blood cells that contains iron and has a role in transporting oxygen 

from the lungs to all body tissues (Glenn & Armstrong, 2019; Saha et al., 2014). Oxygen in the body 

is needed as fuel for energy formation (Katsounaros et al., 2014). Laborious activities carried out by 

athletes can have an impact on increasing the metabolic needs of muscle cells, where more acid is 

produced, so hemoglobin formation in athletes must also be adequate (Posey et al., 2021). Athletes 

need much oxygen to burn carbohydrates, which produce energy, especially during competition 

(Manolachi, 2020; Thomas et al., 2016). Hemoglobin (Hb) is needed to transport oxygen to muscles 

(Pittman, 2013). Apart from hemoglobin, body composition is one of the factors that can influence an 

athlete’s explosive power ability. Someone who has a high percentage of fat tends to have low power 

(Bridge et al., 2014; Coutinho et al., 2016), low balance, and strength. Apart from that, body 

composition can also support an athlete’s performance. If body composition is optimal, an athlete has 

more potential to achieve maximum success (Spyrou et al., 2020).  
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This study aims to determine the relationship between hemoglobin levels and body fat 

percentage on leg power in volleyball athletes. Practically, these findings have significant 

implications for coaches, athletes, and sports scientists. Coaches can use the results of this study to 

design training and nutrition programs that target increased leg muscle strength through the 

management of body composition and hematological status. Athletes can utilize this information to 

monitor physiological health and adjust lifestyles to support optimal performance. Meanwhile, sports 

scientists can use the relationship between hemoglobin, body fat, and muscle strength as a basis for 

developing performance prediction models and evidence-based training interventions (Williams et 

al., 2023). Furthermore, this research also expects that the results can have good implications for 

volleyball athletes as well as educating athletes. 

2. METHODS 

2.1. Design and Participants 

This study was an analytical observational research carried out using a cross-sectional 

approach that emphasizes the measurement or observation of data at one time. The approach was 

applied to the dependent and independent variables, with all subjects who participated in the data 

collection or measurement (Friesen et al., 2021).  

This study involved 24 samples taken using the purposive sampling technique, with the 

inclusion provisions: male volleyball athletes in the age group under 22 years, not injured, and 

willing to be employed as research samples. Exclusion criteria included athletes with recent or 

chronic illnesses, those currently under medication affecting metabolism or hematological 

parameters, individuals with irregular training history (less than six months of consistent training), 

inadequate nutritional status, dehydration, or any condition that could influence physiological 

measurements such as hemoglobin levels, body fat percentage, or muscular strength. 

2.2. Procedure and Measurements 

Participants were instructed not to engage in strenuous physical activity or intense exercise 

for 24–48 hours before blood collection and to avoid excessive fluid intake to prevent dehydration. 

They were also asked to refrain from consuming alcohol or smoking for 12 hours prior to blood 

collection. All samples were collected at a consistent time in the morning, between 7:00 and 10:00 

AM, to minimize circadian variations. Before blood collection, subjects sat quietly for 10–15 minutes 

to allow blood flow to stabilize. The variables studied in this research were hemoglobin levels, percent 

body fat, and leg power capabilities of volleyball athletes: Hemoglobin levels were measured using the 
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cyanmethemoglobin method.   

2.2.1. Hemoglobin 

Hemoglobin levels were measured using the cyanmethemoglobin method. The cyanmethemoglobin 

method is most often used because it can practically measure all types of hemoglobin except 

sulfhemoglobin (Srivastava et al., 2014). The advantage of this method is that the color standards used 

are relatively stable over a long time. Hemoglobin in the normal category for males is in the range of 

13-18 gd/l (Domenica Cappellini & Motta, 2015; Turner et al., 2022; Who & Chan, 2011). 

2.2.2. Fat percentage 

Measuring body fat percentage in this study used the Omron Karada Scan HBF 358 

measuring instrument. This tool is another alternative for measuring fat percentage. Meanwhile, the 

measurement method used by this tool is Bioelectrical Impedance Analysis (BIA) (Mialich et al., 

2014). This tool has an accuracy of 0.1 kg for measuring body weight 0-100 kg and an accuracy of 0.2 

kg for measuring body weight 100-135 kg. Meanwhile, for measuring fat percentage, the measurement 

results are classified as 0/(low), +/(normal), ++/(high), and have a 12-level display. The assessment 

norms used in this research were adapted from (Gallagher et al., 2000). 

2.2.3. Leg power 

The volleyball athlete’s leg power was measured using the vertical jump test. The purpose of 

this test was to determine the power ability of the legs to use vertical jumps optimally in the shortest 

possible time. The vertical jump test procedure in this research is: 

 

a) Hang a diving board upright on the wall. 

 

b) Athletes warm up/stretch before doing the test. 

 

c) The athlete stands sideways, and the right/left foot is close to the wall. 

 

d) The right/left hand is given chalk straightened up as high as possible and touched to the 

upright diving board. The highest touchmark is the height achieved. 

 

e) The athlete jumps as high as possible with the help of a swing of both arms. 

 

f) When jumping, touch the chalky fingers of your hand on the measuring board. 

 

g) Compare the height reached with the result achieved when jumping. 

 

h) Athletes are given two opportunities to carry out this test, and the best result is taken. 
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i) Then, the assessment norms used in this research were adapted from (Patterson & Peterson, 

2004). 

2.3. Statistical Analysis 

The data were analyzed using the Pearson Product-Moment Correlation technique with a 

significance level of < 0.05. Prior to this analysis, prerequisite tests were conducted, including a 

normality test using the Shapiro-Wilk method and a linearity test using the ANOVA (F-test), both 

with a significance level > 0.05. All analyses were performed using SPSS version 27. 

 

3. RESULTS 

Table 1 presents descriptive statistics for participants grouped by vertical jump performance, 

showing the mean ± standard deviation (SD) for several variables across categories from “Excellent” 

to “Very Poor.” 

Table 1. Descriptive statistics for vertical jump category (mean ± SD) 
 

 Vertical Jump 

 Excellent Good Average Poor Very Poor Total 

N 5 0 11 8 0 24 

Age 18.8±1.3 0 19.82±1.66 19.38±1.40 0 19.46±1.50 

Height (cm) 180.4±9.01 0 177.91±6.84 178.87±9.47 0 178.75±7.92 

Weight (kg) 74.52±8.22 0 73.95±6.47 75.05±9.23 0 74.43±7.49 

Body Fat (%) 13.98±2.04 0 17.57±2.70 18.76±4.00 0 17.22±3.45 

HB (gd/l) 16.32±0.59 0 15.63±0.60 13.48±0.89 0 15.05±1.35 

The results indicate that participants with higher vertical jump performance (“Excellent”) 

generally had greater height, slightly lower body fat percentage, and higher hemoglobin levels 

compared to those in the “Average” or “Poor” categories. Age and weight were relatively similar 

across groups, while no participants were classified as “Good” or “Very Poor.” Table 2 shows the 

results of the correlation analysis between vertical jump performance and body fat percentage. 

Table 2. Relationship between vertical jump performance and body fat percentage 
 

 Vertical Jump Body Fat  

Vertical Jump Pearson Correlation 1              -.610**  

 Sig. (2-tailed)          0.002  

 N 24     24  

Body Fat Pearson Correlation                                            -.610**               1  

 Sig. (2-tailed)                                                      0.002   

 N                                                                                             24     24  
Note. **. Correlation is significant at the 0.01 level (2-tailed). 
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Based on the results of the analysis in Table 2, there is a relationship between body fat and 

muscle power, which was evaluated using the vertical jump test, which is proven by the significance 

result of 0.002 with the Pearson coefficient value stated with correlation coefficient (r). The cross-

tabulation process between the hemoglobin levels and the fat percentage on leg power ability was 

analyzed using the Pearson Product Correlation test with the following results, which can be seen in 

Table 2. Table 3 shows the results of the correlation analysis between vertical jump performance and 

hemoglobin level. 

Table 3. Relationship between vertical jump and hemoglobin level 

  Vertical Jump HB (gd/l) 

Vertical Jump Pearson Correlation                                   1 .613** 

 Sig. (2-tailed)  0.001 

 N                        24     24 

HB (gd/l) Pearson Correlation                          .613**      1 

 Sig. (2-tailed)                    0.001  

 N                         24    24 

Based on the results of the analysis in Table 3, there is a relationship between hemoglobin 

levels and leg muscle power, which was evaluated using the vertical jump test. The test was proven 

by the results of a significance value of 0.001, with the Pearson Correlation coefficient value 

showing a value of .613 (positive direction/value). This result means that there is a positive 

correlation between leg power ability and hemoglobin levels in volleyball athletes. The Pearson 

correlation coefficient value is .613, in the range of 0.61-0.80, so the correlation between variables 

has a substantial degree of relationship. In short, there is a strong positive correlation between power 

ability and hemoglobin levels in volleyball athletes. If there is an increase in hemoglobin levels, there 

will also be an increase in the power abilities of volleyball athletes. 

4. DISCUSSION  

Based on the results of this research, if athletes have an increase in power ability, there will be 

a decrease in body fat percentage, and athletes with a lower body fat percentage will have an 

advantage in their leg muscle power ability (jumping). This is proven in research by Markovic & 

Jaric (2007), which compared women’s body fat with men’s body fat on jumping performance, 

where women have higher body fat than men, so men have an advantage in jumping higher because 

they have less body fat. 

The results of this study are also in accordance with research from (Katralli & Goudar, 2012), 

which reported that the higher the fat percentage, the lower the performance during activities 
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involving body movement. Excess body fat can affect performance by reducing the energy available 

to move each kilogram of body weight, but having a lack of fat can also impair physical performance, 

including jumping power (Ben Mansour et al., 2021). Therefore, it can be concluded that the body fat 

requirements for an athlete would be better to have body fat in the ideal or standard category. 

Although body fat has a substantial effect on leg muscle power performance in volleyball athletes, 

body fat is not the only or main factor responsible for the performance that researchers observed. 

Other factors that can contribute to this effect include hormones, length of exercise, mineral levels, 

and muscle volume. 

Given the body’s response to exercise, it is known that exercise changes hematological 

parameters. As seen from the hemoglobin profile, existing research shows that the stimulation 

provided by exercise can increase total hemoglobin mass, which is characterized by an increase in the 

amount of O2 that can be transported by the blood (Mairbäurl, 2013). In addition, hemoglobin 

contributes to the buffering capacity of the blood and the release of ATP (Adenosine triphosphate) 

and NO (Nitric oxide) from red blood cells. It also contributes to vasodilation and increased blood 

flow to working muscles (Mairbäurl, 2013). Hematological changes in athletes are generally related 

to aerobic exercise and aerobic performance. Increased Hb concentration has been reported to be 

positively associated with aerobic capacity (El-Sayed et al., 2000; Otto et al., 2013). However, 

research regarding the relationship between hemoglobin concentration levels and increased power is 

scarce because the majority is more related to aerobic power or aerobic capacity. 

Apart from analyzing body fat percentage, this research also analyzed the relationship 

between hemoglobin levels and the leg power abilities of male volleyball athletes. Based on the 

results of this study, there is a strong positive correlation between power ability and hemoglobin 

levels in male volleyball athletes. We assume that if there is an increase in hemoglobin levels, there 

will also be an increase in the power performance of volleyball athletes. 

Exercise can change hematological parameters (Wardyn et al., 2008). Furthermore, training 

with goals can influence physical performance (Bompa & Buzzichelli, 2019). Thus, changes in 

hematological parameters can also be related to changes in physical performance. In this research, 

high HB levels are known to be associated with high power levels. Meanwhile, low hemoglobin 

levels are associated with relatively low power levels. However, a direct explanation regarding the 

increase in power due to high Hb levels still needs to be studied further, considering that the power 

component is an advanced physical component and is influenced by many components. The 
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components that make up power can be mentioned but are not only limited to, namely, the 

components of strength and speed (Bompa & Buzzichelli, 2019). 

Increased power can be explained by the relationship between Hb levels and several 

components that make up power. When viewed from its relationship to muscle strength, several 

studies show that the level of hematological parameters shows an influence on strength, such as grip 

strength. Even though it is known to influence muscle strength, the role of hemoglobin levels is only 

as a support (Shimizu et al., 2018). Higher Hb levels are often associated with higher levels of grip 

strength. However, currently, studies regarding Hb in relation to muscle strength in athletes are 

scarce. Meanwhile, decreased muscle strength and physical performance are known to be associated 

with low Hb levels in elderly anemia sufferers (Fukushima et al., 2019). The possible reason for this 

is that the oxygen supplied to the muscles is limited, which interferes with physical performance 

(Tsai et al., 2019). 

In the speed component, hemoglobin levels can affect sprint ability. An increase in Hb 

concentration and a decrease in hematocrit levels, or in other words, an increase in mean corpuscular 

hemoglobin, influence sprinting ability. High mean corpuscular hemoglobin can improve athletes’ 

sprint performance (Bachero-Mena et al., 2017), which means that hemoglobin levels can also affect 

speed performance. However, it has yet to be discovered with certainty the relationship between Hb 

levels and speed in various sports. Furthermore, because speed is also strongly influenced by aerobic 

and anaerobic component factors, the relationship between Hb and speed can be biased to see that Hb 

has a strong relationship with the aerobic capacity component (Cai et al., 2019; El-Sayed et al., 2000; 

Otto et al., 2013). When looking at the long-term response to exercise, several studies show that there 

are changes or adaptations in hematological parameters (Gómez Martín et al., 2020). Regarding 

hemoglobin levels, athletes who have trained with chronic high-intensity exercise show lower 

hemoglobin levels compared to ordinary individuals. This condition is influenced by an increase in 

blood plasma so that hemoglobin levels decrease. However, this decrease in hemoglobin levels is not 

actually a decrease in hemoglobin but rather a decrease in hemoglobin levels due to blood 

hemodilution. This condition is known as sports anemia (Damian et al., 2021). When compared with 

ordinary individuals, athletes’ hemoglobin levels actually remain higher but appear lower due to the 

increase in blood plasma, which increases faster than the increase in Hb (Schumacher et al., 2002). 

When viewed from the body’s short-term or acute response to exercise, several studies show that an 

increase in Hb levels often appears to increase as a result of the acute response to exercise. This 
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increase is generally seen in the competition preparation phase since the training given in this phase 

is aimed at improving aerobic ability (Bekris et al., 2015). 

Based on the results obtained in this study, the researchers believe that the level of leg power 

can be influenced by fat percentage and hematological parameters. Lower fat percentages are known 

to be associated with higher levels of leg power. Meanwhile, high hematological parameters, in this 

case hemoglobin, are related to high power levels. Thus, the researchers advise coaches to monitor or 

pay more attention to changes in fat percentage or hematological parameters if they want to develop 

an athlete’s power performance further. 

5. LIMITATIONS 

This study still has several limitations, namely, the athletes examined were only male athletes, 

so further research needs to be done on female athletes, or comparisons can be made between male 

and female athletes. Then, analysis regarding hematological relationships must actually be carried out 

comprehensively and not limited to HB concentration alone, for example, levels of hematocrit (Hct), 

blood plasma, red blood cells (RBC), white blood cells (WBC), mean cellular volume (MCV), mean 

cellular hemoglobin (MCH), and mean cellular hemoglobin concentration (MCHC). Through an 

integral understanding of hematological parameters, a good understanding of the relationship 

between hematological parameters and power levels can be achieved. Leg muscle strength is a key 

determinant of volleyball performance, particularly the ability to jump for spikes and blocks. The 

positive relationship between hemoglobin levels and leg muscle strength suggests that adequate 

oxygen supply plays a role in supporting energy metabolism during explosive muscle contractions 

(McArdle, Katch, and Katch 2014). Meanwhile, the negative relationship between body fat 

percentage and leg muscle strength suggests that increased body fat can hinder the efficiency of 

power production. Therefore, a balance between optimal hemoglobin levels and a controlled body fat 

percentage is key to improving leg muscle strength and overall volleyball performance. 

Our research is observational and was conducted at random times, so we cannot explain 

whether high Hb levels really affect power levels. In this case, the athletes studied in this study were 

in the competition preparation phase. There is a demand to compare the relationship between 

hematological parameter levels between athletes in the preparation phase for competition, 

competition, and after competition. In addition, comparative research between novice and elite 

athletes needs to be carried out to determine acute and chronic responses related to the level of 

hematological parameters. 
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6. CONCLUSIONS 

In accordance with the results of the research and discussion above, changes in the proportion 

of fat and hematological parameters might affect physical performance, especially energy. In this 

case, the proportion of fat was found to have a strong negative relationship with an increase in leg 

power. Meanwhile, the hematological parameters had a strong positive relationship with the increase 

of leg power. Seeing the relationship obtained, we recommend that trainers or interested staff further 

monitor and monitor changes in fat and hematological levels because this has good potential in 

further levels of power development. 
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