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An understanding of the impact of exercise-in-
duced psychophysiological stress has received 
considerable attention in recent years, regarding 
performance and fatigue. Most studies conduc-

ted over the past two decades have consistently reported 
an increase in oxidative stress following acute exercise, 
whether aerobic or anaerobic, supporting the concept that 
exercise induces oxidative stress regardless of the type 
or intensity of activity (Fisher-Wellman & Bloomer, 2009; 
Kawamura & Muraoka, 2018; Squillacioti et al., 2021). 
Judo, in particular, is an acyclic sport for which perfor-
mance depends on a combination of different physical 
abilities. It is a sport with high intensity and intermittent 
actions. Therefore, both the aerobic and anaerobic meta-
bolic systems are alternately stimulated (Franchini et al., 
2011; Gandouzi et al., 2023).

Physical activity is closely associated with oxidative stress, 
a condition defined by an imbalance between the produc-
tion of reactive oxygen species (ROS) and the body’s 
antioxidant defenses (Power et al., 2020). During intense 
or prolonged exercise, the elevated oxygen consumption 
in muscles promotes the generation of ROS and reactive 
nitrogen species which can damage lipids, proteins and 
DNA, contributing to muscle fatigue, inflammation, and, 
in severe cases, an increased risk of overtraining (Finaud 
et al., 2006) and injuries (Lewis et al., 2020; Wang, 2021; 
Lui et al., 2022). 

However, moderate levels of ROS play a positive role: 
they activate cellular signaling pathways, promote muscle 

adaptation and enhance endogenous antioxidant systems 
such as superoxide dismutase, catalase and glutathione 
peroxidase (Power et al., 2020). This phenomenon, known 
as hormesis, explains why regular exercise reduces the 
risk of chronic diseases and premature ageing (Meng & 
Su, 2024). Balance is therefore crucial: calibrated wor-
kouts and a diet rich in natural antioxidants improve the 
ability to counteract oxidative stress, while excessive and 
untargeted supplementation can hinder beneficial adapta-
tions. An intriguing idea is to elevate endogenous antioxi-
dants through physical activity, creating a virtuous cycle 
in which controlled stress produces a beneficial oxidative 
status that amplifies health benefits. 

The use of biomarkers has become an essential moni-
toring tool in the field of sport and exercise medicine. 
Among these, in addition to being a good biomarker of 
oxidative stress, bilirubin is an excellent candidate as a 
powerful antioxidant. Bilirubin is recognised as a potent 
endogenous antioxidant, more effective than vitamin E at 
neutralising reactive oxygen species (Woronyczová et al., 
2022). These properties suggest that moderately elevated 
bilirubin concentrations may provide adaptive and protec-
tive advantages in response to oxidative and inflammatory 
stress, reducing cardiovascular risk (Zuo et al., 2022) and 
lowering the incidence of metabolic syndrome (Nikouei, 
2024).

Athletes, especially elite athletes, tend to have higher bi-
lirubin levels than sedentary individuals. This appears to 
be a protective adaptation to the increased oxidative and 
inflammatory stress caused by intense exercise. Current 
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evidence suggests that these elevations may generally re-
flect physiological adaptation rather than pathology (Witek 
et al., 2017). These authors reported that 18 – 20% of 
athletes display bilirubin levels above the reference range 
established for the general population, in the absence of 
clinical abnormalities, and proposed athlete-specific li-
mits with an upper threshold of approximately 29 µmol/L. 
Consequently, bilirubin should be interpreted not only as 
a marker of liver damage but also as a potentially bene-
ficial factor for health and athletic performance (Flack et 
al., 2023). 

The transition from understanding bilirubin’s biological 
role to its practical application in sports science lies in its 
sensitivity to training volume and intensity. Unlike static 
clinical markers, bilirubin serves as a dynamic indicator of 
the athlete's current redox status (Di Gioia et al., 2023). 
By tracking its fluctuations, practitioners can distinguish 
between beneficial physiological adaptation (hormesis) 
and excessive oxidative debt that may lead to maladapta-
tion. Therefore, incorporating bilirubin into routine scree-
ning could extend beyond traditional liver health assess-
ment and may provide a non-traditional metric to gauge 
recovery and quantify the metabolic cost of high-intensity 
effort, such as those encountered in judo.

Monitoring athletic performance during training and com-
petition requires analytical methods that are fast, simple 
and inexpensive, along with non-invasive sampling tech-
niques which are capable of indicating any psychological 
or physical imbalance at an early stage to prevent failure 
or injury.

RESEARCH AIMS AND HYPOTHESES

Based on the current gap in literature regarding multi-ma-
trix stress assessment in combat sports such as judo, the 
primary objective of this pilot study is to evaluate the fea-
sibility of using bilirubin as a potential adaptive biomarker 
for athlete monitoring by comparing its levels with stan-
dard psychophysiological stress markers across different 
biological matrices (urine, saliva and blood). The specific 
objectives were the assessment of the acute response 
of bile pigments and stress parameters before and after 
exposure to standardised training and competitive judo 
events, identifying individual patterns of oxidative stress.

We hypothesise that (1) bilirubin levels will show signifi-
cant acute fluctuations in response to judo-specific loads, 
reflecting its consumption as a primary antioxidant, and (2) 
these variations will correlate with changes in established 
stress biomarkers, thereby validating bilirubin as a reliable 
and accessible indicator of an athlete’s psychophysiologi-
cal state. The final hypothesis is that higher bilirubin levels 
may contribute to metabolic and performance-related be-
nefits, such as increased endurance, vascular protection 
and improved fat oxidation.

METHODS

The experimental design presents this study as an explo-
ratory and feasibility study with an embedded case ob-
servation on the use of bilirubin as an additional marker 
among indicators of athletes' oxidative status.

Subjects and sampling protocol

Nine medium-level judoka (four male, five female) from 
the Friuli Venezia Giulia region, Italy, were recruited. 
The study was submitted to and approved by the ethics 
committee of the University of Trieste. All participants 
confirmed they were in good health, were non-smokers 
and were not taking any supplemental vitamins or antioxi-
dants, following an established protocol (Sist & Urbani, 
2022). One of these athletes was then selected for clo-
ser observation during a one-week judo session to deter-
mine parameter values across the three different biolo-
gical fluids. Biometric parameters for all participants are 
reported in Table 1.

Table 1. Subjects physical characteristics.

Blood, saliva and urine samples for athlete 1 were collec-
ted as shown in Scheme 1, while urine and saliva samples 
from the other athletes were collected as shown in Sche-
me 2.

Scheme 1. Blood, saliva and urine weekly programme 
related to Athlete 1.

Scheme 2. Monitoring programme including a compe-
tition event.

Samples were self-collected, non-invasively, by the ath-
lete at home or in the gym. After receiving thorough ins-
tructions, saliva was collected, without stimulation, using 
a sterile Salivette (Sarstedt®) and urine was collected in 
a sterile 50 ml Falcon tube. These samples were trans-
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ported promptly to the laboratory and frozen at -80°C for 
analysis (Sist et al., 2022). Capillary blood was obtained 
using a finger-prick device. The resulting drop was col-
lected in a sterile vial and transferred immediately by an 
operator using an automatic pipette.

HUG fluorometric assay

The quantification of bilirubin (BR) and its congener bi-
lirubin glucuronide (BRG) employed a high-throughput 
fluorometric method (Scheme 3) based on the selective 
high-affinity binding of bilirubin to the HELP-UnaG (HUG) 
fusion protein (Sist & Urbani, 2022; Sist et al., 2023; Sist 
et al., 2025). The assay can be enhanced for the mea-
surement of conjugated bilirubin (BRG) by adding the en-
zyme beta-glucuronidase to the reaction mixture (Pelizzo 
et al., 2023). 

Small sample volume (5 µL of blood, 200 µL of saliva, or 
100 µL of urine) was added to HUG solution with or wit-
hout β-glucuronidase enzyme (β-glu). 

Scheme 3. HUG method of bilirubin and conjugated 
bilirubin analysis: principle and analytical steps.

Biochemical parameters

Creatinine (CRE) was determined using the Jaffe method 
(1886). Cortisol was extracted from saliva and urine with 
dichloromethane and analysed via HPLC-UV based on a 
method by Pihut et al. (2015) with modifications. Malon-
dialdehyde (MDA) was measured in all matrices by HPLC 
with fluorescence detection after derivatisation with thio-
barbituric acid, following Agarwal & Chase (2002). Amy-
lase activity in saliva and urine was quantified using a 
commercial assay kit (Sigma-Aldrich).

Statistical methods

Using R and ggplot2, a Kendall correlation matrix was 
generated to assess statistical associations between 
variables. Kendall's  coefficient was used because it 
is non-parametric and suitable for non-normal distribu-
tions and provides accurate correlations with limited data 
points. Given the exploratory nature of this study, no cor-
rection for multiple testing was applied. Results should 
be interpreted as preliminary and require replication in a 
confirmatory study.

RESULTS AND DISCUSSION

Bilirubin is a molecule with multiple functions, such as 
antioxidant, anti-inflammatory and regulatory effects 
(Schwertner & Witek, 2008; Vitek & Ostrow, 2009; Ham-
mouda et al., 2012; Creeden et al. 2021) Moreover, in 
high-intensity training, bilirubin acts as a sophisticated 
signalling molecule that helps the body adapt to physical 
stress (Witek et al., 2017). Assessing baseline bilirubin le-
vels in saliva and their changes after stressful situations 
is an innovative measure that is not currently used, as the 
concentrations are very low and cannot be detected by 
conventional analytical methods. In this work, we present 
preliminary results for biomarkers measured in different 
matrices (urine, saliva and blood) to assess the optimal 
analytical protocol and the matrix effect.

Bilirubin recovery test

A spike-and-recovery test was conducted, as recom-
mended for previously untested sample types, by adding 
known amounts of BR to known volumes of a single pool 
of saliva and urine specimens, to assess potential interfe-
rence from the analytical matrices. To experimentally de-
termine the expected BR recoveries, identical spiking was 
performed on the solvent of the standard solution used for 
assay calibration, consisting of 4 g/L bovine serum albu-
min in phosphate-buffered saline at pH 7.4. As shown in 
Table 1, no significant difference in BR concentration was 
found between saliva, urine and the BSA solution, refer-
red to as the observed and expected values, respectively. 
The low standard deviation indicates good reproducibility 
of the test. This data indicates that no matrix effect is pre-
sent in the assay.

Table 1. Recovery of BR in blood, urine and saliva un-
der spiking conditions. 

n represents the number of independent replicates per-
formed on pooled biological fluid. Results were analyzed 
by 2-way ANOVA test using standard significance level α 
= 0.05.
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Quantification of BR and BRG

Figure1 shows that BR and BRG values in the blood of  
athlete 1 are in the same μM range and remain within phy-
siological ranges of 11 – 21 μM and 0 – 0.7 μM, respec-
tively. In addition, excess BR resulting from physical acti-
vity appears to be rapidly eliminated as BRG, particularly 
through urine and also through bile, to keep levels below 
toxic limits.

Figure 1. Bilirubin (BR) and conjugated bilirubin 
(BRG) concentrations in blood samples during the 
training week of athlete 1.

In urine, BR and BRG values are in the same nmol/g 
creatinine range, as shown in Figure 2A. BR and BRG in 
morning urine samples at 8:00 (T1, T4, T6, T9, T11, and 
T14) have average values of 3.4 ± 0.9 nmol/gCRE and 
2.8 ± 0.7 nmol/g, respectively, as reported in Figure 2A. 
In contrast, these parameters show a marked increase in 
concentration after a training session, rising up to the 11.5 
nmol/g CRE for BR and up to 6.9 nmol/g CRE for BRG 
(peeks in Figure 2A).

In saliva samples (Figure 2B), BR values were always 
higher than BRG, while in urine BRG values tended to 
remain in the same range as BR, consistent with BR me-
tabolic clearance. The concentrations of BR and BRG 
in saliva were, on average, lower than those detected 
in urine without creatinine correction (data not shown), 
where the values were also more sensitive to variations 
caused by physical activity. 

The peaks in Figures 2A and 2B indicate the highest va-
lues of the variables BR and BRG, occurring half an hour 
after training in both matrices.

Figure 2. BR and BRG in (A) urine and (B) saliva du-
ring the training week.

Quantification of other stress biomarkers

In the present study, the biomarkers of oxidative stress 
— namely MDA, amylase, and cortisol — were analysed 
before and after training. In the previous paper (Sist & 
Urbani, 2022) the main findings were that aerobic and 
anaerobic judo training may cause a general increase in 
oxidative stress when the antioxidant system is inefficient 
in responding to free radical production. 

Creatinine was also measured during the training week. 
While the normal reference range in adults is 0.7 – 1.4 g/L, 
levels in athletes are usually higher, depending on training 
load; therefore, specific reference values for athletes have 
not yet been well defined (Palacios et al., 2015). In cases 
of elevated creatinine concentration (>1.4 g/L), caution is 
advised, as high values do not necessarily indicate kidney 
damage. In this work, an average value of 2.9 ± 0.9 g/L of 
creatinine was obtained going from 1.4 g/L up to 5.2 g/L 
with higher values after training (3.0 - 5.2 g/L).
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Salivary, urinary and blood MDA concentrations are re-
ported in Figure 3. MDA values in urine appeared more 
sensitive to physical activity than those measured in 
blood or saliva. Therefore, in our study, urine specimens 
appeared to be more sensitive in the MDA monitoring as-
sessment.

Figure 3. MDA concentrations in urine, saliva and 
blood during the training week.

Cortisol (CORT) and α-amylase (AA) are distinct indica-
tors of the stress response. Their interaction is essential 
for understanding the effects of psychophysical stress on 
athletes and depends on several factors, such as trai-
ning stress, intensity and the psychological response to 
the load. The salivary and urinary cortisol concentrations 
after different physical activities are reported in Figure 
4A. Compared to the measurements at pre-training judo 
events (T1, T6, and T11), both urinary and salivary corti-
sol increased significantly at post-training phases T3, T7 
and T13, with wide variations observed for urinary cor-
tisol (Figure 4A). The results highlighted that high- and 
middle-intensity training increases the body’s cortisol and 
α-amylase levels differently in both saliva and urine. We 
observed significant differences in the rates of change in 
cortisol concentrations resulting from early morning exer-
cise programmes of varying intensities on different days. 
More precisely, greater variability is observed in urinary 
cortisol (Figure 4A), while conversely, greater variability 
is observed in salivary α-amylase (S-AA) (Figure 4B) with 
rapid response with marked peak values at the end of the 
physical exercise.

Physical exercise of moderate and high intensity caused 
an increase in heart rate above 100 bpm, largely due to 
increased sympathetic activity, which could explain the 
rise in the production and appearance of α-amylase in sa-
liva after training. Much more than cortisol, which tends to 
remain elevated during and after peak stress, α-amylase 
showed a more rapid pattern, peaking immediately after a 
stressful event and then returning to the baseline quickly 
(Figure 4B). This makes α-amylase a useful indicator for 
detecting immediate changes in stress activation, whe-
reas cortisol provides a more comprehensive and pro-
longed view of the hormonal response.

Figure 4. (A) Salivary and urinary cortisol concentra-
tions; (B) salivary and urinary amylase concentra-
tions during training week.

The main findings of this study confirmed that S-AA and 
S-CORT may provide valuable information for coaches 
regarding athletes’ responses to training and competition. 
Increases in basal cortisol concentrations after periods of 
intensified training have already been reported in the lite-
rature and this increase markedly depends on the training 
status of the athlete.

Effect of competition on bilirubin level and on oxida-
tive stress parameters

In high-intensity sports such as judo, which are characte-
rised by explosive efforts and intense emotional pressure, 
competitions can generate significant physiological and 
psychological responses, including increased oxidative 
stress and psychological stress in athletes. From a psy-
chological perspective, anticipation of competition triggers 
activation of the hypothalamic-pituitary-adrenal axis and 
increases salivary cortisol (Filaire et al., 2007), especially 
in the moments before competition (Salvador et al., 2003). 
Amylase and cortisol are complementary biomarkers of 
stress (Ciaccioni et al., 2024; Kivlighan & Granger, 2006; 
Salvador et al., 2003) and the interaction between these 
two biomarkers is complex, depending on several factors, 
including the duration and intensity of stress, the athlete’s 
training level, and their psychological response to the 
load. These psychophysiological parameters (S-AA and 
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S-CORT), in addition to oxidative stress parameters like 
BR, were measured in eight athletes (2–9) during three 
periods (T0, T1, and T2), as schematically shown in Sche-
me 2.

Bilirubin is a molecule with multiple functions and has 
important antioxidant, anti-inflammatory and regulatory 
effects. Assessing baseline bilirubin levels in saliva and 
their changes after stressful situations could be conside-
red an innovative measure that is not used currently, as 
the concentrations are very low and cannot be detected 
by conventional analytical methods.

Total BR (TBR as the sum of BR and BRG values) in urine 
was measured and the results are presented in Figure 5. 
Almost all the athletes showed a marked increase in TBR 
just before (T1) and after competition (T2) compared with 
T0. The number on the top of the bars in Figure 5 indi-
cates the S-CORT concentration (ng/mL). Higher cortisol 
values correspond to higher TBR values.

Salivary amylase, for three male athletes (2, 3 and 4), 
was measured and assessed in comparison to urinary 
TBR and S-CORT, presented in Figure 5. S-AA (Table 2) 
showed a significant increase from the rest period (T0) 
before the competition to 1 hour before the competition 
(T1); then showed a trend towards a decrease after the 
event (Table 2), indicating higher levels of both anxiety 
and physical stress.

Figure 5. Total BR in urine (bars) and S-CORT values (nu-
mbers on the bars as ng/mL) of athletes before and after 
judo competition. (Grey bar = T0, yellow bar = T1, red bar 
= T2; dashed line indicates the average basal value T0 = 
7.3 ± 3.7 nmol/gCRE and 7.6± 4.1 nmol/gCRE for female 
and male, respectively).

Meanwhile, S-CORT showed a marked increase from the 
rest period T0 to T1 before the competition and remained at 
higher levels. This increase is related to the psychophysical 
condition, including anxiety, which may remain higher even 
after the physical competition has ended. In these three 
subjects, the results for the three parameters differ marke-

dly according to their varying levels of fitness and psycho-
physical maturity, as reported in Figure 5 and Table 2.

Table 2. Salivary amylase for athletes 2, 3 and 4 before 
and after judo competition 

The present findings provide valuable information on the 
differences in temporary changes in stress-related pa-
rameters during real competition and training and also in-
dicate the chronic changes that occur after intensive trai-
ning in well-trained athletes. These results suggest that 
there may be additional correlations between psycholo-
gical and physiological factors that could lead to reduced 
athletic performance in both competition and training. In 
conclusion, elevated S-AA and S-CORT levels from im-
mediately before the competition until after its end may be 
factors in reduced performance.

Correlation analysis between all the parameters

All results obtained for the nine athletes were processed 
statistically and the Kendall correlations are presented in 
the matrix in Figure 6. The sample size is small and the 
significance obtained may be affected by this; therefore, 
this analysis should be considered preliminary. However, 
some promising correlations are highlighted to support 
the use of BR as an additional marker in the analysis of 
the oxidative status of a judo athlete. There was a positive 
correlation ( = 0.283, p = 0.028) between total urinary 
BR (U-TBR) and total blood BR (B-TBR), suggesting that 
urine might reflect blood BR levels, although further va-
lidation is required. There is also a weak correlation (  
= 0.383, p = 0.059) between salivary and urinary BRG. 
However, as shown in Figure 2, urine values are more 
sensitive to metabolic changes related to sports activity.

Intense exercise can increase bilirubin levels in blood and 
urine temporarily, especially if muscle damage is involved 
(e.g., through eccentric exercise) or if there are changes 
in liver metabolism. However, a fairly strong correlation 
between U-TBR and B-TBR (blood) ( = 0.283, p = 0.028) 
suggests that bilirubin levels may indicate how the body 
manages detoxification processes in both the liver and 
kidneys. S-CORT correlated well with urinary amylase (U-
AA) ( = -0.534, p<0.001), U-BR ( = 0.243, p = 0.029), 
and U-MDA ( = 0.335, p = 0.003), suggesting good cor-
relations between psychological and physiological pa-
rameters which may lead to reduced athletic performance 
during both competition and training. 

Cortisol is a stress hormone that rises with intense physical 
activity and psychological stress. If exercise is sufficiently 



P.32

The Arts and Sciences of Judo, Vol. 6 No.1 Original scientific paper

intense to elevate cortisol, it is likely that oxidative damage 
and MDA production will also increase. The negative strong 
correlation between U-AA and S-CORT reflect a physiolo-
gical response to recovery where cortisol decreases after 
exercise as the body enters the recovery phase. On the 
contrary, the increase in post-exercise cortisol may also in-
dicate a high load on the nervous system and metabolism. 
If cortisol remains high, it may indicate excessive stress or 
insufficient recovery capacity. Moreover, increased U-AA 
may indicate heightened physiological stress associated 
with the depletion of energy resources, such as during 
post-exercise recovery, when the body is working to res-
tore energy reserves. The response of biomarkers such 
as S-AA and U-BRG ( = 0.223, p = 0.029) may indicate 
how the body adapts to and manages exercise. If these 
biomarkers are chronically elevated, it may be necessary 
to review the intensity and frequency of exercise sessions.

Bilirubin levels in urine, saliva and blood are generally 
positively correlated, which is consistent with physiolo-
gical expectations. However, variables such as amylase, 
cortisol and malondialdehyde show weaker correlations, 
although there are some significant associations, such 
as between amylase and cortisol. Correlations with corti-
sol are noteworthy as they suggest possible interactions 
between psychophysical stress (indicated by cortisol) and 
bilirubin-related metabolism or detoxification processes.

Serum bilirubin levels are influenced by physiological fac-
tors described in the literature. Fasting increases unconju-

gated bilirubin due to reduced hepatic enzyme activity and 
increased enterohepatic circulation (Barrett, 1971; Feve-
ry, 2008). The variation in bilirubin during fasting can be 
significantly greater in males than in females (Griffin et 
al., 2014). Hydration status can also cause an apparent 
increase in values due to haemoconcentration from re-
duced plasma volume (Karila et al., 2008). In addition, 
bilirubin concentration follows a distinct circadian rhythm, 
with higher inter-individual variation during the day (Lar-
son et al., 2009), and may depend on the menstrual cy-
cle and hormonal fluctuations (Yamaguchi et al., 1975). 
Considering all these factors is essential for proper inter-
pretation of results. However, an assessment of potential-
ly confounding factors is aided by the dietary, training and 
medical monitoring that elite athletes undergo.

By combining biomarkers of oxidative stress (MDA), endo-
crine stress (cortisol) and sympathetic response (salivary 
amylase) with antioxidant markers (bilirubin) in accessible 
matrices such as saliva and urine, it is possible to create a per-
sonalised biochemical profile to assess internal load, monitor 
recovery, prevent overtraining, and optimise performance.

LIMITATIONS

Despite promising results, this study has several limi-
tations that should be considered when interpreting the 
results. The sample size was small (N = 9), which may 
limit the statistical power and generalisability of the fin-
dings. In addition, the cohort lacked sufficient diversity in 

Figure 6. Kendall correlation matrix between all the parameters considered
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age groups, training modalities and sport disciplines (e.g., 
endurance versus power sports). Future research should 
use a larger, more heterogeneous sample and include ad-
ditional psychological assessments to further clarify the 
relationship between bilirubin and psychophysical stress.

CONCLUSIONS

Our preliminary findings suggest that bilirubin and its deri-
vative, bilirubin glucuronide, may act as more than simple 
by-products of liver metabolism, potentially serving as bio-
markers in the response to oxidative stress induced by 
intense sporting activity, such as judo. Bilirubin, in parti-
cular, suggests notable antioxidant and anti-inflammatory 
properties in neutralising reactive oxygen species. Ana-
lysis of different biological matrices (blood, urine, saliva) 
has shown that bilirubin levels increase significantly in 
response to training sessions or competitions, in parallel 
with other biomarkers of psychophysical stress such as 
cortisol, amylase and malondialdehyde. In this pilot study, 
urine emerged as a potentially sensitive matrix for moni-
toring bilirubin levels, showing an increasing trend after 
exercise and before and after competition, probably as a 
protective mechanism.

The results suggest that bilirubin may be regarded not 
only as an indicator of liver damage but also as a mar-
ker of the body's adaptation to increased oxidative and 
inflammatory stress. In this context, well-trained athletes 
physiologically exhibit higher bilirubin levels, indicating a 
possible protective advantage. These findings suggest 
the potential for the use of bilirubin as an accessible, 
non-invasive and informative biomarker for monitoring 
health status, recovery and the risk of overtraining in ath-
letes, supporting a more personalised and preventative 
approach in sports medicine.

The authors thank the FVG judo athletes, their coaches 
and clubs for participating in this study. The experiments 
comply with the current laws of the country in which they 
were conducted.
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