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Effects of an aerobic training 
program on liver functions in male 
athletes: a randomized controlled 
trial
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The optimal functioning of the liver is essential for athletic performance. It is necessary to maintain 
the liver’s enzymes at an optimal level so that liver cells can be protected from inflammation or 
damage. This study investigated the effects of a 12-week aerobic exercise program on the liver 
function of adult athletes. A pretest–posttest experimental design was used. A total of thirty healthy 
male athletes (football players) aged 21 to 24 years were recruited for this study and randomly and 
equally divided into the experimental group (EG) and control group (CG). The CG did not participate 
in any special activities. The EG performed an aerobic training program consisting of several exercises 
for 12 weeks. Evaluation of all participants in both groups was carried out before and after the 
intervention by measuring the blood levels of Alkaline phosphate, AST/SGOT, ALT/SGPT, Bilirubin 
Total/indirect/direct, Albumin, Globulin, and Total protein using the standard methods by collecting 
blood samples. There was a significant decrease (p < 0.05) in Bilirubin and globulin levels in the EG 
after 12 weeks of aerobic training sessions. However, there was no significant difference in alkaline 
phosphate, AST/SGOT, ALT/SGPT Total protein, and Albumin (p > 0.05) between both groups post-
treatment. The 12 weeks of aerobic training used in the study can potentially improve the liver 
function of adult athletes.

The liver carries out the detoxification of various metabolites, the production of digestive enzymes and the 
synthesis of proteins, which is situated in the right upper quadrant of the body and beneath the diaphragm. In 
addition, the liver’s functions are the metabolism, control of red blood cells (RBCs), and production and storage 
of glucose. The liver serves as an engine for the body, carrying out several tasks to keep other bodily systems 
running smoothly. Optimal functioning of the liver is necessary for good athletic performance. To prevent liver 
cells from inflammation and damage, it is necessary to maintain the liver’s enzymes at an optimal level. Liver 
malfunction can have adverse effects on athletic performance. The disbalance of enzymes of the liver in athletes 
can lead to different acute or chronic liver diseases1. In coordination with other vital organs, the liver performs 
various functions, giving athletes extra push to achieve their best performance. As the liver is interconnected 
with other systems and vital organs of the body, it means malfunctioning of the liver can impact other organs as 
well, resulting in deterioration of athletic performance.

The liver mainly controls the metabolism of lipids and glucose. If other underlying factors, such as alcohol 
consumption, are ruled out, a liver fat percentage greater than 5.6 percent is considered abnormal, referred to 
as non-alcoholic fatty liver disease (NAFLD)2. NAFLD is widespread; it is the most frequent cause of increased 
liver enzymes in many developed and developing countries3. NAFLD is intimately linked to obesity and type 2 
diabetes4,5. NAFLD is prevalent in roughly 70% of patients with type 2 diabetes. Because NAFLD may lead to 
steatohepatitis, cirrhosis, and hepatocellular cancer, proper treatment is critical5. Furthermore, NAFLD is linked 
to cardiovascular disease and mortality6.
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One of the liver’s primary functions is to break down old or damaged RBCs, which results in the produc-
tion of bilirubin. This molecule is then mixed with others to form bile, an important digestive fluid7. Since only 
glucose and not fat can be metabolized by some organs, such as erythrocytes and the brain, the liver is crucial 
in maintaining stable blood glucose levels during a fasting.

Activities that entail repeated, large muscle movements are known as aerobic exercises. These activities boost 
oxygen inhalation, speed up oxygen transport to the liver and other important organs by altering breathing pat-
terns and increasing the heart rate8,9. Any physical activity or exercise improves liver function in several ways10,11. 
Our circulatory system is strengthened by aerobic exercises, especially the heart muscles, which make it easier for 
the heart to pump blood. This causes a slowdown of the heartbeat and increases blood flow, which makes it easier 
for the liver to filter blood and return it to the bloodstream. To the best of the authors’ knowledge, no study has 
evaluated the effects of a 12-week-long aerobic training program on liver function in male athletes. Therefore, this 
research aimed to investigate the effects of a 12-week-long aerobic training program on the liver function of adult 
athletes. We hypothesized that this aerobic training program significantly affects the liver functions measured 
through blood tests in healthy male football athletes. The football players were selected in our study as football 
is one of the most popular sports worldwide and is associated with high-intensity physical activity and energy 
expenditure. Moreover, football players may be at an increased risk for liver function abnormalities due to the 
high levels of oxidative stress and inflammation associated with intense physical activity. For instance, a study 
by Ekun et al.12 and Rengers et al.13 found that football players had significantly higher levels of liver enzymes.

Methods and material
Participants.  This study used a pretest–posttest experimental design. The sample size was estimated as 14 
in each group by using the G* power software V 3.1.9.2 based on a previous study which compared the efficacy 
of aerobic training and resistance training on liver enzyme levels in patients with non-alcoholic fatty liver using 
the variable ALT, effect size 0.98, an alpha level of 0.05 and power (1- beta) of 0.814. One participant was added 
to each group to avoid attrition bias which made a total of 30 participants for the study. Therefore, thirty healthy 
male athletes (football players) aged 21 to 24 years were chosen from different stadiums in New Delhi (India) for 
this purpose. Liver functions may differ between younger and older individuals due to changes in metabolism 
and exposure to environmental factors over time. Therefore, by focusing on a specific age group (21 to 24 years) 
of football players, this study aimed to control for potential confounding variables related to age and to provide 
a more focused investigation into the effects of aerobic training on liver function in this population. Participants 
performed interventions in the same stadiums. Participants were recruited from September 2021 to July 2022. 
Figure 1 shows the number of assessed, recruited, randomized, and analyzed participants. These were equally 
and randomly divided into two groups, with 15 participants in each group. Participants with a history of severe 
illness, surgery, or damage to the liver, fatty liver disease, cirrhosis, blood infections, neuromuscular conditions, 
or the presence of any disorders such as fever, high blood pressure, high blood sugar, etc., were excluded from 
the study. Randomization was performed by an independent researcher who was not associated with the study, 
using the software SPSS, version 20 (SPSS Inc., Chicago, IL, USA), and the lottery method.

The outcome assessor was also blind to the randomization/allocation of participants. The first group, the 
aerobic group, was designated the "experimental group (EG)," whereas the second group was named the "control 
group (CG)." Before inclusion into the study, the risk and benefits of the study were discussed with every par-
ticipant and written informed consent was taken from them. The study was presented to the institutional review 
board of Aligarh Muslim University, Aligarh, India, which approved it (ID: DN 4900/FSS on 1/9/2021). The study 
complied with “The Code of Ethics of the World Medical Association (Declaration of Helsinki)”. All methods 
were performed in accordance with the relevant guidelines and regulations. The study has been registered retro-
spectively in the protocol registration and results system (clinicaltrials.gov, ID: NCT05704608 on 30/01/2023).

Experimentation.  The CG was under rigorous supervision and did not participate in any structured exer-
cise program besides their regular soccer practice. The EG was well-versed in their assigned training program 
and performed the experimental procedure only for 12 weeks. Both groups were allowed to practice their regular 
soccer practice. Evaluation of all patients in both EG and CG was carried out before and after the treatment pro-
gram by measuring the levels of (Alkaline phosphate, AST/SGOT, ALT/SGPT, Bilirubin Total/indirect/direct, 
Albumin, Globulin and Total protein) respectively15,16 using standard methods (Autoanalyzer, Mindray BS 800, 
China) by collecting Blood samples, 5 mls each of baseline into lithium heparin containers for estimation of 
above biochemical parameters at the NABL accredited pathology laboratory.

Training program.  The aerobic exercise program which was given to the EG was a series of treadmill exer-
cises, including slow, medium, and fast walking; walking with a 30° incline (uphill); walking with a 30° declina-
tion (downhill); jogging with a 30° incline (uphill); running with a 30° declination (downhill); and cycling17–19. 
The week-wise details of the type of exercises, duration, number of sets, and rest periods are given in Supple-
mentary Tables 1, 2 and 3. The training session lasted for around 50 min and was performed 5 days a week. The 
training frequency and intensity were never maximized. The identical load, which varied in volume, intensity, 
and frequency, was applied to every participant. By periodically tracking heart rate, the researcher could keep an 
eye on how intense the training intensity was using this technique.

Outcome measures.  Blood levels of the following substances were taken as outcome measures.

•	 Bilirubin-total mg/dL,
•	 Serum AST/SGOT (U/L),
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•	 Serum ALT/SGPT (U/L),
•	 Alkaline phosphatase (U/L),
•	 Protein-total (g/L),
•	 Albumin (g/dL),
•	 Globulin (Gm/dL).

Analysis of data.  The data of 30 participants (15 in each group) were analyzed using the SPSS statistical 
software version 20 (SPSS Inc., Chicago, IL, USA). Liver function was analyzed for both pre-test and post-test of 
all the participants. For 12 weeks, the EG did their assigned activities, which were designed as an aerobic train-
ing program. After 12 weeks, post-tests on the dependent variables mentioned above were administered to the 
participants, resulting in final scores. The difference between the initial and final scores determined the impact of 
the aerobic training program on selected variables. A paired sample t-test and Cohen’s d were used to investigate 
statistical significance with impact size. To test the hypothesis of this study, 0.05 levels were used.

Results
Description of the subjects.  Table 1 displays descriptive statistics of the age, height, and weight of adult 
athletes who were recorded before and after a specifically designed aerobic training program. The mean value of 
EG’s age was 22.47 years (SD 1.13), the height was 173.33 cm (SD 4.79), and the weight was 74.47 ± 05.83 kg (Pre) 
and 73.87 ± 5.54 kg (Post), and CG’s age was 22.20 years (SD 1.15), the height was 170.67 cm (SD 3.66), and the 
weight was 73.27 ± 8.03 kg (Pre) and 73.47 ± 8.29 kg (post) respectively.

Table 2 shows descriptive data for adult athletes’ bilirubin-total mg/dL, serum AST/SGOT (U/L), serum 
ALT/SGPT (U/L), alkaline phosphatase (U/L), protein total (g/L), albumin (g/dL), and globulin (Gm/dL) before 
and after participating in a specifically designed aerobic training program. Bilirubin-Total mg/dL in EG was 

Figure 1.   Consolidated standards of reporting trials (CONSORT) flowchart showing the number of 
participants assessed for eligibility, randomized and analyzed during the study.
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1.38 ± 0.14 (pre) and 1.28 ± 0.13 (post), whereas Bilirubin-Total mg/dL in CG was 1.31 ± 0.06 (pre) and 1.22 ± 0.30 
(post). Serum AST/SGOT (U/L) in EG was 36.53 ± 10.68 (pre) and 38.00 ± 9.11 (post), whereas Serum AST/SGOT 
(U/L) in CG was 41.27 ± 3.65 (pre) and 41.40 ± 4.23 (post). Serum ALT/SGPT (U/L) in EG was 31.53 ± 6.08 (pre) 
and 32.73 ± 5.62 (post), whereas serum AST/SGOT (U/L) in CG was 35.73 ± 3.61 (pre) and 34.87 ± 3.33(post). 
Alkaline Phosphatase (U/L) in EG was 79.00 ± 13.88 (pre) and 82.73 ± 12.33 (post), whereas Alkaline Phosphatase 
(U/L) in CG was 78.40 ± 5.71 (pre) and 78.53 ± 3.73 (post). Protein total (g/L) in EG was 7.81 ± 0.80 (pre) and 
7.63 ± 0.76 (post), whereas protein total (g/L) in CG was 7.77 ± 0.43 (pre) and 7.57 ± 0.37 (post). Albumin (g/
dL) in EG was 4.46 ± 0.27 (pre) and 4.31 ± 0.26 (post), whereas albumin (g/dL) in CG was 4.55 ± 0.47 (pre) and 
4.52 ± 0.22 (post). Globulin (Gm/dL) was 2.590.19 (pre) and 2.500.16 (post) in EG, and 2.57 0.09 (pre) and 
2.560.10 (post) in CG.

The mean differences in bilirubin-total mg/dL, serum AST/SGOT (U/L), serum ALT/SGPT (U/L), alkaline 
phosphatase (U/L), protein total (g/L), albumin (g/dL), and globulin (Gm/dL) between adult athletes’ pre- and 
post-aerobic training programs were compared using a paired sample t test. Table 3 results show that variables like 
bilirubin-total mg/dL (t = 3.41, p = 0.00, p 0.05) and globulin (Gm/dl) (t = 2.29, p = 0.03; p 0.05) of the EG have sta-
tistically significant mean differences between the pre-test and post-test of an aerobic training program. Whereas 
for the CG, t = 1.22, p = 0.24, p > 0.05) and (t = − 0.73, p = 0.47, p > 0.05, show statistically insignificant mean 
differences between the pre-test and post-test of an aerobic training program. The value of the bilirubin-total 

Table 1.   Description of the participants. EG experimental group, CG control group, SD standard deviation.

Groups N

Age (years) Height (cm) Weight (Kg)

Mean SD Mean SD Mean SD

EG 15 22.47 1.13 173.33 4.79 74.47 5.83

CG 15 22.20 1.15 170.67 3.66 73.27 8.03

Table 2.   Descriptive data for adult athletes’ Bilirubin-total mg/dL, Serum AST/SGOT (U/L), Serum ALT/
SGPT (U/L), Alkaline phosphatase (U/L), Protein total (g/L), Albumin (g/dL), Globulin (Gm/dL). EG 
experimental group, CG control group.

Groups Mean Std. deviation Std. error mean

Bilirubin-total mg/dL

EG
Pre 1.38 0.14 0.03

Post 1.28 0.13 0.03

CG
Pre 1.31 0.06 0.01

Post 1.22 0.30 0.08

Serum AST/SGOT (U/L)

EG
Pre 36.53 10.68 2.75

Post 38.00 9.11 2.35

CG
Pre 41.27 3.65 0.94

Post 41.40 4.23 1.09

Serum ALT/SGPT (U/L)

EG
Pre 31.53 6.08 1.57

Post 32.73 5.65 1.45

CG
Pre 35.73 3.61 0.93

Post 34.87 3.33 0.86

Alkaline phosphatase (U/L)

EG
Pre 79.00 13.88 3.58

Post 82.73 12.33 3.18

CG
Pre 78.40 5.71 1.47

Post 78.53 3.73 0.96

Protein total (g/L)

EG
Pre 7.81 0.80 0.20

Post 7.63 0.76 0.19

CG
Pre 7.77 0.43 0.11

Post 7.57 0.37 0.09

Albumin (g/dL)

EG
Pre 4.46 0.27 0.07

Post 4.31 0.26 0.06

CG
Pre 4.55 0.47 0.12

Post 4.52 0.22 0.05

Globulin (Gm/dL)

EG
Pre 2.59 0.19 0.05

Post 2.50 0.16 0.04

CG
Pre 2.57 0.09 0.02

Post 2.56 0.10 0.02
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mg/dL of the EG, Cohen’s d, was 0.74 > 0.50, which indicated a medium effect size, and the CG, Cohen’s d, was 
0.41 < 0.50, which indicated a small effect size. The value of Cohen’s d for the EG was 0.51 > 0.50, which means 
that the group had a medium effect size. For the CG, the value was 0.10 < 0.20, meaning they had no effect size. 
The result of the table reveals that variables such as serum AST/SGOT (U/L), serum ALT/SGPT (U/L), alkaline 
phosphatase (U/L), protein total (g/L), and albumin (g/dL) of both EG and CG show statistically insignificant 
mean differences between the pre-test and post-test of an aerobic training program.

Discussion
The training effect is the physiological changes that occur due to frequent involvement in exercise programs. 
The nature of training programs has its effects, which means different training programs produce different kinds 
of effects on physiological and biochemical parameters. The optimal training programs are one that quickly 
increases the desired quality while minimizing undesirable repercussions. We’ve been curious for a long time 
about how much exercise and what forms (modes) are optimal for achieving health benefits20. No one quantity 
or exercise style is likely ideal for every health benefit. This study examined how an aerobic exercise training 
program affected the liver function of adult athletes. Our key findings imply that aerobic exercise training 
enhances several of the previously mentioned outcome indicators. Table 1 indicated that the weight (kg) of the 
EG was reduced by 0.80%, but the weight of the CG grew by 0.27%, with no impact size. The findings showed 
that aerobic exercise caused a significant increase in muscle mass.

The EG’s total bilirubin mg/dL was reduced by 7.24 percent (1.38 mg/dL to 1.28, normal range of 0.2–1.30) 
with a medium effect size, whereas that of the CG decreased by 6.8 percent with no impact size. The study’s 
results indicated that following the training program, total bilirubin levels were restored to their normal range. 
A low-intensity aerobic training program proved ineffective in raising total bilirubin level because total bili-
rubin is mainly determined by the degree of hemolysis, which suggests that the intensity of exercise primarily 
determines total bilirubin.

The reductions in total bilirubin concentrations seem to be linked to changes caused by 12 weeks of aerobic 
exercise. The upper limit of the reference range for total bilirubin levels in the athletes was determined to be 
0.2–1.3 mg/dL. Following exercise, bilirubin levels increased, similar to Swift et al.18 study on the influence of 
different doses of aerobic exercise training on total bilirubin levels.

After 12 weeks of aerobic activity, the liver enzymes aspartate serum AST/SGOT (U/L), ALT/SGPT (U/L), and 
alkaline phosphatase (U/L) slightly increased. The researchers noted that the EG’s protein total (g/L) decreased 
insignificantly by 2.30 percent with a small effect size, whereas the CG’s decreased by 2.57 percent with a small 
effect size. Albumin (g/dL) insignificantly reduced by 3.36 percent in the EG, with a medium impact size, but 
significantly by 0.65 percent in the CG, with a small effect size. The EG’s globulin (Gm/dL) fell 3.47 percent with 
a medium effect size, whereas the CG’s dropped 0.38 percent with no impact size.

After 12 weeks of aerobic activity, the liver enzymes aspartate serum AST/SGOT (U/L), ALT/SGPT (U/L), 
and alkaline phosphatase (U/L) slightly increased. Serum AST/SGOT (U/L) increased insignificantly by 4.02 
percent with no impact size in the EG, whereas it increased by 0.31 percent with no effect size in the CG. The EG’s 
serum ALT/SGPT (U/L) improved insignificantly by 3.80% with a low impact size, whereas the CG’s dropped 
by 2.40% with a small effect size. Alkaline phosphatase (U/L) got elevated in the EG by 7.72 percent with a small 
effect size, whereas in the CG, it went up by 0.16 percent with a small impact size.

Studies by Gutierrez-Grobe et al.21, Johnson et al.22, and Farzanegi et al.23–25 indicated a reduction in liver 
enzyme levels21–23. Farzanegi et al.23 reported that 6 weeks of aerobic exercise decreased ALT, AST, and ALP 

Table 3.   Comparison of Bilirubin total mg/dl, AST/SGOT u/l, ALT/SGPT u/l, Alkaline phosphate u/l 
Protein total g/l, Albumin g/dl, Globulin (Gm/dL) mean between pre and post-aerobic training program. EG 
experimental group, CG control group. df = 14. *p < 0.05.

Variables Groups

Paired differences

t p-value Cohen’s dMean difference SD Std. error mean

Bilirubin-total mg/dL
Pre test–post test EG 0.09 0.10 0.02 3.41 0.00* 0.74

Pre test–post test CG 0.09 0.29 0.07 1.22 0.24 0.41

Serum AST/SGOT (U/L)
Pre test–post test EG  − 1.46 12.01 3.10  − 0.47 0.64 0.14

Pre test–post test CG  − 0.13 4.15 1.07  − 0.12 0.90 0.03

Serum ALT/SGPT (U/L)
Pre test–post test EG  − 1.20 7.28 1.88  − 0.63 0.53 0.20

Pre test–post test CG 0.86 3.87 0.99 0.86 0.40 0.24

Alkaline phosphatase (U/L)
Pre test–post test EG  − 3.73 18.729 4.83  − 0.77 0.45 0.28

Pre test–post test CG  − 0.13 06.034 1.55  − 0.08 0.93 0.02

Protein total (g/L)
Pre test–post test EG 0.182 0.68 0.17 1.02 0.32 0.23

Pre test–post test CG 0.207 0.42 0.11 1.88 0.08 0.49

Albumin (g/dL)
Pre test–post test EG 0.14 0.35 0.09 1.60 0.13 0.56

Pre test–post test CG 0.03 0.34 0.08 0.38 0.70 0.08

Globulin (Gm/dL)
Pre test–post test EG 0.09 0.15 0.04 2.29 0.03* 0.51

Pre test–post test CG 0.01 0.09 0.02  − 0.73 0.47 0.10
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enzymes but had no effect on lipid levels, which contradicts our results23. Aerobic exercise at 50–70 percent of 
one’s maximum heart rate for 8 weeks can treat fattening liver disease in men, and this might also aid in lower-
ing ALT and AST blood levels26. Contradictory to the results of the present study, El-Kader et al.27 showed that 
aerobic exercise decreased ALT, ALP, AST, and GGT concentrations. The study found that AST, ALT, and alkaline 
phosphatase levels did not significantly change between pre-and post-training programs. These slightly elevated 
but still within the normal range AST, ALT, and alkaline phosphatase readings compared to pre-examination 
appear to be caused by changes made by 12 weeks of aerobic activity. This study’s 12-week aerobic exercise pro-
gram resulted in negligible changes in liver enzymes that might have been caused by a slight decrease in enzyme 
use or changes in body weight.

According to the study, the EG’s protein total (g/L) decreased by an inconsequential 2.30 percent with a 
negligible impact size. The drop in the CG was 2.57 percent; however, it had a modest impact size. In the EG, 
albumin (g/dL) decreased insignificantly by 3.36 percent with a medium impact size, whereas it declined by 0.65 
percent with a small effect size in the CG. Globulin (Gm/dL) decreased by 3.47 percent with a moderate effect 
size in the EG, whereas it decreased by 0.38 percent with no impact size in the CG.

The difference between the mean albumin levels of young athletes before and after exercise was not statisti-
cally significant (p > 0.05). Both numbers are falling below the average. This suggests that the study’s subject pool 
consisted of healthy individuals. The current study’s findings do not agree with other studies, which demon-
strated that exercise considerably raises plasma albumin levels. After exercise, the quantity of plasma albumin 
in the blood rises during the first hour of recovery. As a result, the most probable mechanism for this response 
is albumin redistribution from the interstitial to the intravascular region28,29. Increased lymph flow during and 
after exercise may lead to albumin redistribution. In addition, within a few hours following exercise, the primary 
contributors to increased lymph flow and muscle pumping should return to normal. In Nagashima et al. study29, 
it was anticipated that the spike in blood albumin following exercise would revert to normal in 24 h if there were 
no other means to compensate for it.

Our study has some limitations. First, our investigation was a study containing just one EG; consequently, 
we cannot confirm that the outcomes of the study were totally attributed to the selected, designed exercise pro-
gram as there were no instructions given on a diet, which has a huge role to play in the functioning of the liver. 
Therefore, more research involving another EG is necessary to verify the interaction effects. Second, there was 
a small sample size of healthy participants, and the external validity of the current results has to be increased by 
more research with larger sample sizes. Third, the participants in our study were advised to continue their normal 
regular diet during the time of the study. They were advised not to consume any additional dietary supplements 
at the time of the study. However, we didn’t monitor the eating habits and diet of the participants. Eating habits 
and diet may have an influence on the liver enzyme level. Finally, because the study subjects were healthy adults, 
it may be difficult to generalize our findings to other problems. Thus, further study will be focused on differences 
in type, duration, and intensity of aerobic exercise on the liver and its functions in athletes.

Conclusion
In conclusion, the current study shows that a selected aerobic training program has a good impact on some 
biochemical variables of the liver, such as bilirubin and globulin, in a healthy adult male athlete. The 12 weeks of 
aerobic training used in the study can potentially improve the liver function of adult athletes.

Data availability
The data associated with the paper are not publicly available but are available from the corresponding author 
on reasonable request.
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