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Introduction 

Goalball is a Paralympic sport designed for individuals with visual impairments 
(1). Most research on goalball players has focused on functional, anthropometric, 

and morphological evaluations (1,2). However, the potential correlations 

between physiological fitness and responses observed during the game and 
technical performance remain underexplored in the existing literature (3,4). 

Interval training (IT) has emerged as a time-efficient alternative to traditional 

training programs, particularly in managing physiological performance (5). 
High-intensity interval Training (HIIT) represents a specific form of interval 

training that alternates short bursts of high-intensity anaerobic exercise with 

periods of lower-intensity recovery (5,6). Studies have indicated that goalball 
players are particularly susceptible to inflammation and muscle damage due to 

the unique physical demands of the sport, which combines HIIT actions with 

anaerobic energy systems. The game involves rapid sprints, abrupt changes in 
direction, and explosive movements, all of which require significant muscular 

exertion and can lead to microtrauma in muscle fibers. During gameplay, athletes 

often reach heart rates between 85% and 100% of their maximal capacity, 
primarily relying on anaerobic metabolism, which can result in the accumulation 

of metabolic byproducts. This high-intensity effort is associated with acute 

increases in inflammatory markers, including interleukin-6 (IL-6), as the body 
responds to muscle damage and stress (7-9). 

Moreover, the nature of goalball training, which often incorporates HIIT and 

moderate-intensity interval training (MIIT), further exacerbates the potential for 
inflammation and muscle damage. In this regard, HIIT, characterized by short 

bursts of maximal effort followed by recovery periods, can lead to significant 

physiological stress and subsequent inflammatory responses. While HIIT 
effectively improves cardiovascular fitness and muscle strength, it can also 

induce acute elevations in muscle damage markers such as creatine kinase (CK) 

and lactate dehydrogenase (LDH) immediately following training sessions. 
Exercise training significantly strains muscles, leading to high lactate 

accumulation and delayed onset muscle soreness (DOMS) (10,11). Research 

conducted on athletes in wheelchair basketball has shown significant elevations 
in inflammatory markers, such as IL-6 and tumor necrosis factor-alpha (TNF-α), 

following intense competition, indicating a robust inflammatory response similar 

to that observed in goalball players (12). Additionally, a study on para-athletes 
participating in track and field events reported increased levels of CK and LDH 

post-competition, suggesting that the physical demands of these sports lead to 

muscle damage comparable to that experienced in goalball (13). 
Furthermore, investigations into the effects of HIIT in athletes with 

disabilities, such as those competing in sitting volleyball, have demonstrated that 

HIIT can effectively modulate inflammatory responses and muscle damage 
markers, paralleling the current study's findings (14). These studies collectively 

highlight the importance of understanding how different forms of exercise impact 

inflammatory and muscle damage markers across various sports, particularly 
those with similar anaerobic demands. These findings provide further context for 

the current study, reinforcing that HIIT, as employed in goalball, can lead to 

measurable changes in muscle damage and inflammatory markers (12). 
In this study, IL-6, CK, and LDH were selected as biomarkers due to their 

significant roles in assessing physiological responses to exercise, particularly in 
the context of goalball training. Consequently, the current study aimed to 

compare the relationships between physiological parameters measured in 

controlled laboratory environments and those recorded during simulated game 
scenarios. Furthermore, this research aimed to explore the correlations between 

these physiological metrics and technical performance outcomes in goalball. By 

establishing these connections, this study aimed to understand better how 
physiological factors influence performance in competitive settings. 

 

Methods 

Participants 

Twenty-four male elite goalball players from the Isfahan City Team participated 

in this study (Age 20-34 years, weight 78-98 kg, height 172-188 cm, experience 
level in goalball 4-12 years). The athletes were categorized into three groups 

according to the exercise training intensity.  
To determine the sample size, the sample size estimation software 

(G*POWER) was used, considering the significance level of 0.05, the effect size 

of 0.4, and the test power of 0.8. Based on the analysis of this software, the 
number of 24 people was determined. Subjects were selected purposefully and 

available and were randomly assigned to three homogenous groups, including 
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high-intensity exercises (HIIT, eight people), moderate-intensity exercises (MIIT, 

eight people), and a control group (Eight people). 

Their training program was based on three sessions a week for two months. 
The inclusion criteria were having at least five years of playing experience, 

absence of medical restrictions (Illness and injury), history of surgery, and 

willingness to participate. The exclusion criteria were an injury in the last 30 
days, or a history of surgery that would limit their attendance. It should be noted 

that the control group's activity level was monitored. Moreover, the control group 

was explicitly instructed to maintain their usual lifestyle activities and refrain 
from structured physical exercise. 

Furthermore, participants' self-reports were utilized to confirm adherence to 

their routine. Participants' self-reports are essential to establish a baseline for 
comparison with the exercise intervention groups. In addition, emphasis has been 

placed on the control group's importance in evaluating the intervention groups' 

physiological and performance outcomes. To control the intensity of the exercises 
in the training, the subject's heart rate was monitored before and after each session 

by the researcher using a heart rate monitor device (Beurer FT-90, made in 

Germany). The following formula was used to calculate the reserve heart rate 
percentage. 

Percentage of reserve heart rate = Maximum heart rate - resting heart rate 

Exercise protocol 

During the initial sessions, the instructor engaged the participants in a discussion 

regarding the class schedule, exercise execution, and the specific characteristics 

of each exercise. The instructor also inquired about any feelings of fatigue or 
incapacity the participants may have experienced and any challenges encountered 

during or between training sessions. Issues were raised with both the trainer and 
the researcher to ensure a supportive training environment. Following this 

introductory conversation, lasting approximately 15 minutes, participants 

commenced the prescribed exercises under the trainer's supervision. 
The HIIT program comprised a structured warm-up phase lasting 15 

minutes, which began with low-intensity jogging at 50% of the heart rate reserve 

(HRR). This was followed by three sets of intermittent running, consisting of 30 
seconds of fast jogging, followed by 30 seconds of slow jogging, and concluded 

with 5 minutes of dynamic stretching. Throughout the 8-week HIIT training 

program, participants engaged in 30-second intervals of running at intensities 
starting at 100% of their HRR during the first and second weeks and gradually 

increasing to 200% of their HRR by the seventh and eighth weeks. The active 

recovery period was set at 30 seconds, during which participants jogged at 50% 
of their HRR for a total of four sets, with 5 minutes of passive recovery 

implemented between rounds (Table 1) (14-16). 
 

 
The MIIT (MIIT) program included continuous running at a moderate 

intensity. In the first week, participants ran for 25 minutes at an intensity 

corresponding to 40-50% of their HRR. During the second week, the duration 
remained the same, but the intensity was increased to 50-55% of the HRR. From 

the third to the seventh week, the participants ran for 30 minutes at an intensity 

of 55-60% of their HRR. Finally, in the eighth week, the training session 
consisted of running for 30 to 35 minutes at an intensity of 60-65% of the HRR. 

This gradual progression in both duration and intensity aimed to enhance aerobic 

fitness and improve overall endurance in the participants (Table 2) (14-16). The 
control group was instructed to maintain regular daily routines without engaging 

in structured physical exercise. This allowed researchers to observe the effects of 

the exercise interventions by comparing physiological and performance 
parameter changes between the exercise groups and those who did not participate 

in any increased physical activity. The control group's adherence to their usual 

lifestyle served as a baseline reference for evaluating the impact of the HIIT and 
MIIT programs on the participants in the experimental groups. 

 

 
Blood collection and sampling 

To assess biochemical variables, 5 ml of blood was collected from the athletes 
both before and after the training interventions. Venous blood was drawn from 

the brachial vein of the left arm after a fasting period of 12 hours, specifically 24 

hours prior to the first training session and 24 hours following the final session 

(End of the eighth week). Collections occurred between 8 to 10 AM and were 

conducted using tubes containing the anticoagulant EDTA. 

Following collection, the blood samples were immediately centrifuged at a 
speed of 2,000 to 3,000 RPM for 10 minutes using a centrifuge manufactured by 

Eppendorf. The centrifugation speed was measured using relative centrifugal 

force (RCF). The resulting serum was frozen at -80 °C until testing. 
Blood samples were transported to the laboratory while adhering to safety 

protocols and maintaining cold temperature chains to ensure sample integrity. 

The levels of IL-6 were measured using a kit from Elabsciense (E-EL-H6156), 
which has a sensitivity of 0.94 pg/mL and a detection range of 1.56-100 pg/mL. 

Additionally, enzymatic kits from Delta Darman in Iran were utilized to measure 

levels of CK and LDH before and after the training interventions. 
Statistical analysis 

After data collection, SPSS version 27 software was used for statistical data 

analysis. Furthermore, the repeated measures ANOVA test was used to examine 
the changes in the indicators studied. The Post hoc Bonferroni test was used for 

pairwise comparisons. The model's basic assumptions, such as the error 

distribution's normality, the error variance's homogeneity, and the variance-
covariance matrix's homogeneity, were examined and confirmed by the Shapiro-

Wilk and Levene's tests, respectively. Repeated measures ANOVA test was used 

to compare the individual characteristics of the subjects of the two groups and 

consider the assumption of normality of the data in each group. The results' 

descriptive statistics level is mean±standard deviation (SD). The significance 

level was set at P-Value < 0.05 in all analyses. 

 

Results 

The muscle damage markers were changed by HIIT and MITT protocols 

The results revealed that after eight weeks of HIIT and MIIT, there was a 

significant difference in the concentrations of CK (Figure 1a, P-Value <0.001) 
and LDH (Figure 1b, P-Value > 0.001). Also, the concentration of the CK and 

LDH significantly reduced in the HIIT (Figure 1a, P-Value < 0.001) and MIIT 

(Figure 1b, P-Value > 0.001) groups compared with the control group. As a result, 
the study found a marked decrease in CK levels in the HIIT group compared to 

the control group, indicating that while HIIT could initially induce muscle 

damage, it also promoted adaptations that enhance muscle integrity over time 
(Figure 1a, P-Value < 0.001). Conversely, MIIT, characterized by sustained 

moderate exertion, typically elicited a more stable inflammatory response and 
less acute muscle damage compared to HIIT (Figure 1a, P-Value < 0.001). The 

study demonstrated that while HIIT and MIIT reduced CK levels, the changes 

were more pronounced in the HIIT group (Figure 1a, P-Value < 0.001), 
suggesting that the higher intensity of exercise in HIIT might lead to more 

significant initial muscle damage; however, with consistent training, athletes may 

develop improved recovery mechanisms that lower CK levels over time. 
Similarly, LDH is a marker for metabolic stress and tissue damage, 

particularly during anaerobic metabolism. The study indicated that LDH levels 

also decreased significantly in both training groups compared to the control 
group, with HIIT showing a more substantial reduction (Figure 1b, P-Value > 

0.001). This aligns with the understanding that HIIT, while inducing acute 

increases in LDH due to the high metabolic demands, ultimately leads to 
adaptations that enhance the muscle's ability to manage oxidative stress and 

recover from intense exercise (Figure 1b, P-Value > 0.001). Our findings 

indicated that performing HIIT decreased the CK (Figure 1a, P-Value < 0.001) 
and LDH (Figure 1b, P-Value < 0.023) concentrations compared to the MIIT. 

 

Table 1. A high-intensity interval training (HIIT) program for eight weeks 

Rest (Min) 
Rest intensity 

(HRR) 

Exercise intensity 

(%HRR) 
Intervals Repetitions Week 

5 50 100 3 4 1-2 

5 50 100-120 3 5 3-4 

5 50 120-150 3 5 5-6 

5 50 150-200 3 5 7-8 

 

Table 2. Moderate intensity training program (MIIT) for eight weeks 

Week Time (Min) Exercise intensity (HRR%) 

1 25 40-50 

2 25 50-55 

3 30 55-60 

4 30 55-60 

5 30 55-60 

6 30 55-60 

7 30 55-60 

8 30-35 60-65 

 

 

 
Figure 1. Alternation of CK and LDH concentrations in HIIT and MIIT groups before 

and after eight weeks in goalball players. 

**Indicates a significant difference before and after the intervention in each group, a: 

Indicates a significant difference between the HIIT and the control groups, b: Indicates 

a significant difference between the MIIT and HIIT groups. 

1a 

1b 
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The inflammatory marker was ameliorated by HIIT and MITT protocols 

The serum concentration of IL-6 declined after performing HIIT (P-Value < 0.05) 

and MIIT (P-Value < 0.05) compared to before treatment (Figure 2). Notably, 
subjects who performed HIIT reduced the concentrations of IL-6 compared with 

the MIIT (Figure 2, P-Value <0.001). Therefore, HIIT might facilitate the serum 

concentrations of IL-6 and had anti-inflammatory activity (Figure 2, P-Value < 
0.001). 

 

 

Discussion 

The present research was conducted to compare and investigate the effects of 

HIIT and MIIT for eight weeks on the concentration of IL-6, CK, and LDH of 

goalball players. The present study showed that HIIT and MIIT for eight weeks 
caused changes in the concentration of CK, LDH, and IL-6 in the serum level of 

goalball athletes. The results showed a significant decrease (P-Value < 0.001) in 

CK, LDH, and IL-6 levels due to HIIT compared to MIIT for eight weeks in 
goalball players.  

Several studies have examined the physiological responses of goalball 

athletes under various conditions, including laboratory settings, field tests, and 

in-game scenarios (8). Within the laboratory context, a predominant focus has 

been placed on investigating the morphological profiles of these athletes 

alongside anthropometric measurements and overall physical fitness parameters 
(8,15,16). This study evaluated the CK/LDH/IL-6 concentrations in two exercise 

protocols. We found that HIIT and MIIT for eight weeks caused changes in the 

concentration of CK in the serum level of goalball athletes. The results showed a 
significant decrease (P-Value < 0.001) in CK levels due to HIIT compared to 

MIIT for eight weeks in goalball players. As a result, the study found a marked 

decrease in CK levels in the HIIT group compared to the control group, indicating 
that while HIIT can initially induce muscle damage, it also promotes adaptations 

that enhance muscle integrity over time. Conversely, MIIT, characterized by 

sustained moderate exertion, typically elicits a more stable inflammatory 
response and less acute muscle damage than HIIT. The study demonstrated that 

while HIIT and MIIT reduced CK levels, the changes were more pronounced in 

the HIIT group. The data suggests that the higher intensity of exercise in HIIT 
may lead to more significant initial muscle damage, but with consistent training, 

athletes may develop improved recovery mechanisms that lower CK levels over 

time. 

The significant decrease in CK and LDH levels observed in the HIIT group 

implies that this training modality induces muscle damage and promotes recovery 

adaptations over time. For goalball athletes, this means that regular HIIT sessions 
can improve muscle integrity and resilience, allowing players to withstand the 

physical demands of the sport more effectively. Additionally, reducing IL-6 levels 

following HIIT suggests a potential anti-inflammatory effect, which can 
contribute to faster recovery times and reduced risk of overuse injuries. This is 

particularly important in goalball, where athletes are prone to muscle fatigue and 

inflammation due to the sport's unique demands, including rapid sprints, abrupt 
changes in direction, and high anaerobic exertion. In practical terms, coaches and 

trainers can utilize these findings to design more effective training programs that 

balance intensity and recovery. By integrating HIIT into the training schedule, 
goalball players can enhance their aerobic and anaerobic capacities, improving 

their performance during matches. Furthermore, understanding the physiological 
responses to different training intensities allows for better monitoring of athletes' 

recovery needs, enabling more tailored training approaches that consider 

individual responses to exercise. 
CK is a crucial protein involved in muscle metabolism, and its concentration 

is commonly recognized as a biomarker for physical stress (17). The presence of 

CK in the plasma indicates muscle fiber damage, as it reflects the extent of 
leakage from damaged muscle tissue (18). The CK concentration as a biomarker 

allows for assessing muscle integrity and the impact of physical exertion on 

muscle health, providing valuable information for evaluating recovery and 
adaptation following intense exercise (19). LDH is an enzyme integral to various 

metabolic processes, especially in converting lactate to pyruvate during 

anaerobic metabolism (20). Due to its significant role in these pathways, LDH is 

frequently employed as a biomarker for assessing tissue damage and metabolic 
stress in the context of exercise, both during and post-activity (21). Its levels can 

provide valuable insights into the body's physiological responses under stress, 

aiding in the evaluation of muscle function and recovery (22). Elevated 
concentrations of LDH following exercise can indicate the degree of muscle 

damage and the metabolic stress experienced during HIIT (23).  

IL-6, a cytokine released by muscle cells during exercise, plays a crucial role 
in the immune response and inflammation, making it valuable for monitoring 

systemic inflammatory responses induced by the physical demands of goalball. 

Elevated IL-6 levels can indicate muscle stress and recovery needs following 
HIIT and MIIT sessions. CK, an enzyme primarily found in skeletal muscle, 

serves as a marker for muscle integrity; its release into the bloodstream following 

muscle injury allows for evaluating muscle damage caused by the rapid sprints 
and explosive actions typical in goalball. Elevated CK levels post-exercise can 

inform coaches about athletes' recovery statuses and the effectiveness of the 

training load. Finally, LDH is involved in energy production and reflects tissue 
health; it is released during tissue damage and provides insights into metabolic 

responses and cell breakdown following intensive physical exertion. By 

monitoring these biomarkers, the study aims to provide a nuanced understanding 

of the athletes' physiological responses to training, thus aiding in optimizing 

training regimens and recovery strategies in goalball players. 

Several studies have reported varying responses in anti-inflammatory 
cytokine secretion in relation to different exercise intensities, with some 

indicating significant increases while others show no notable changes (24,25). 
This inconsistency may be attributed to the transient nature of cytokines in the 

bloodstream, which can sometimes evade detection (25). Furthermore, cytokines 

are secreted by various cells and tissues, with muscle tissue being a major 
contributor during exercise; thus, the levels of cytokines in circulation may not 

accurately reflect their concentrations in the source tissues (26). Notably, IL-6 

concentrations rise more significantly than other cytokines during physical 
activity, which may indicate muscle damage (27). In addition to exercise 

intensity, factors such as the type and duration of exercise also play a crucial role 

in influencing plasma IL-6 levels (28). Prolonged elevation of IL-6 is linked to 
muscle atrophy, leading to decreased strength and muscle function and increased 

muscle pain. Following acute exercise, elevated IL-6 levels can stimulate the 

secretion of IL-10 and interleukin-1 receptor antagonists (IL-1RA), both anti-
inflammatory cytokines (28). Our data indicated that the eight-week HIIT and 

MIIT reduced the IL-6 concentration. In addition, HIIT training significantly 

reduced the IL-6 concentration compared with the MIIT. 
Conversely, MIIT incorporates intervals of moderate exercise, enabling 

participants to sustain moderate exertion throughout the workout (29). This 

approach typically elicits a more stable inflammatory marker response than HIIT 
(30). Evidence suggests that MIIT may be more effective in reducing overall 

systemic inflammation and resulting in less muscle damage, making it a viable 

alternative for individuals who may find high-intensity workouts challenging 
(17,31). Furthermore, limited research involving individuals with moderate to 

high concentrations of inflammatory markers suggests that aerobic HIIT 

improved inflammatory markers' circulating levels (32). However, no studies 
have directly compared the effects of HIIT and MIIT on inflammatory cytokines 

and muscle damage in goalball players. Additionally, there is a lack of precise 

data regarding the impact of HIIT on serum levels of IL-6, CK, and LDH in 
goalball players (33). 

In contrast with the previous study, we found that HIIT and MIIT for eight 

weeks could decline the IL-6 concentrations. This data might be the reason for 
the adaptation and hours following the final session (end of the eighth week). 

Research by Costello et al. (2018) and Rocha1 et al. (2017) has demonstrated 

significant increases in C-reactive protein (CRP), cortisol, and IL-6 following 
intense exercise training in trained individuals (19,34). Additionally, Dorneles et 

al. (2016) found that intense intermittent exercise led to increased levels of LDH 

and CK, suggesting that these inflammatory and muscle-damage markers can rise 
after strenuous exercise. The study which examining muscle damage indicators, 

such as CK and LDH, has shown elevations persisting for up to 24 to 48 hours 

post-exercise (35). Acute increases in LDH levels are anticipated following HIIT 
sessions due to the stress and damage experienced by muscle tissue. However, 

with consistent training, adaptations can occur that enhance the muscle's capacity 

to manage oxidative stress, which may result in reduced LDH responses in 
subsequent workouts. This increase in LDH levels is a marker for the 

physiological impact of vigorous exercise, reflecting the extent of muscular 

trauma and the body's subsequent stress response (36). Monitoring LDH levels 
can provide essential insights into recovery needs and the overall effects of 

intense physical activity on muscle health (37).  

CK results were very discrepant, as half of the studies showed no alterations 
immediately after intense or moderate exercise, while the other half showed 

increased CK levels (38). Moghadam Kia et al. (2016) stated that CK levels 
significantly vary according to sex and race (38). The degree of this change 

depended on the duration and type of exercise, with strenuous exercise being 

responsible for greater elevations (38). Damaged muscle fiber structures were 
pointed out as being the cause for the rise, but one study of repeated eccentric 

exercise caused almost no increase in CK levels (39). CK levels demonstrate 

 
Figure 2. IL-6 concentrations in HIIT and MIIT groups before and after eight weeks 

in goalball players. 

**Indicates a significant difference before and after the intervention in each group, a: 

Indicates a significant difference between the HIIT and the control groups, b: Indicates 

a significant difference between the MIIT and HIIT groups. 
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considerable variability influenced by factors such as sex, race, and the type of 

exercise performed. Notably, eccentric exercise is generally associated with more 

significant muscle damage compared to concentric contractions of the same 
intensity. This discrepancy highlights the importance of considering these 

variables when interpreting CK levels as muscle stress and damage indicators 

(40). Understanding these differences is essential for accurately assessing muscle 
response and recovery in diverse populations and exercise modalities (41).  

Consequently, delayed onset muscle soreness and associated inflammatory 

responses are typically observed within this time. Pal et al. (2018) also noted that 
interval training increases LDH, CK, and liver enzyme levels within 24 to 48 

hours following training. Therefore, the timing of assessments after HIIT is 

critical for evaluating inflammation and muscle damage markers (42). Given that 
individuals with overweight status often exhibit lower physical fitness levels, it 

is essential to consider the effects of high-intensity training, particularly HIIT 

(43). Rohnejad and colleagues investigated the acute effects of HIIT on 
inflammatory and muscle damage indices in overweight middle-aged men and 

the kinetics of these markers at 1, 24, and 48 hours post-training (44). 

Additionally, these markers correlate with frailty, morbidity, and mortality. 
Notably, CRP levels are lower in individuals who engage in moderate exercise 

than those who are inactive (32,45). 

The majority of studies have reported an increase in IL-10 following intense 

exercise, aligning with earlier findings (32,46). However, Allen et al. (2017) 

highlighted that IL-10 production in response to strenuous acute exercise is 

variable, with some studies reporting increases, others indicating decreases, and 
some showing no changes, depending on the exercise protocols and analytical 

methods employed (32). Nonetheless, IL-10 levels typically peak during the 
recovery phase post-exercise, with the extent of this increase being associated 

with both the active muscle mass engaged and the intensity of the exercise 

performed. Recent reviews by Cabral‐Santos et al. (2019) emphasize that the 
duration of training is the most critical factor influencing the magnitude of the 

exercise-induced increase in plasma IL-10 levels (47). This elevation in IL-10 

may protect against potential chronic low-grade inflammation and tissue damage.  
In a competitive tournament setting, goalball athletes may be required to 

participate in multiple matches within a condensed timeframe. Assessing the 

concentrations of IL-6, CK, and LDH 48 hours post-training can provide valuable 
insights into the recovery processes of players between games, as well as the 

potential impact on their performance in subsequent competitions. Furthermore, 

an elevation in IL-6, CK, and LDH levels following exercise can indicate muscle 
damage or fatigue, heightening the risk of injury. By closely monitoring these 

biomarker concentrations, coaches can effectively identify players who may be 

predisposed to injury and implement appropriate preventive strategies. 
It is essential to consider that the participants in this study are individuals 

with special needs, and the act of venipuncture can elicit discomfort and 

sensitivity. Consequently, the optimal approach would involve conducting blood 
sampling 48 hours after the exercise sessions. Additionally, it is recommended to 

evaluate biomarker levels immediately post-training and at 6, 12, and 24 hours 

after that. These considerations are acknowledged as limitations within the scope 
of the study. One of the limitations of the present study is the lack of control over 

the psychological conditions of the players. The following limitation was that the 

current study was conducted on male goalball players aged 21 to 27 years, and 
the generalization of the results is only possible on similar age and gender groups. 

Another limitation of this study is the lack of measuring variables immediately, 

12 hours, and 24 hours after the exercises. Due to the fact that the test subjects 
were particular (Blind or severely visually impaired) and were sensitive to blood 

sampling and invasive methods, we were faced with this limitation. It is better to 

investigate the effect of such exercises on other age and gender groups in future 
research due to the limitations of the current research. Moreover, the functional 

tests of this sport should be evaluated, and their relationship with physiological 

changes in the players should be investigated and analyzed. Also, by conducting 
a similar study in different sports and comparing its results with the present study, 

a practical solution can be provided to improve players' performance, reduce the 

risk factors of injury, and prevent them. 
In summary, the changes in IL-6, CK, and LDH levels observed in the study 

reflect the physiological responses to different training intensities. While initially 

causing more significant muscle damage and metabolic stress, HIIT fosters 
adaptations that improve muscle recovery and integrity, as evidenced by the 

substantial reductions in CK and LDH levels over the training period. In contrast, 

MIIT promotes a more stable response with less acute damage, highlighting the 
importance of training intensity in influencing muscle health and recovery in 

goalball players. 
 

Conclusion 
Our study demonstrated that HIIT and MIIT for eight weeks could improve the 
concentration of CK, LDH, and IL-6 in goalball players. Moreover, HIIT had 

more effect than MIIT for eight weeks. Based on our data, performing HIIT and 

MIIT may consistently increase the capacity of the physiology of goalball 
players. 
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