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> Background: In professional soccer, the use of external measures such as GPS data and functional performance screenings to control
load. recovery and injury prevention is well established. However, internal biomarkers have so far only been used to alimited extent, as
their collection is usually invasive, cost-intensive and difficult to implement at high-frequency. This work aims to present a first practical
approach for high-frequency, saliva-based multi-omics biomarker monitoring in professional soccer and explores potential applications.

> Methods: Twenty-six male first-team players were monitored over an entire season, providing 3-5 saliva samples per week, resulting in
2,554 samples analyzed for 92 biomarkers. Samples were collected using Salivette” Cortisol swabs and analyzed via liquid chromatogra-
phy-tandem mass spectrometry (intra-assay CV <5%). Individual reference ranges were calculated using a Bayesian inference model with
adaptive temporal weighting and outlier detection, combining individual and population data to derive 95% confidence intervals. The
analyses focused on selected biomarkers related to hydration, metabolism, stress, and inflammation.

> Results: Four representative cases showed marked deviations from their individual 95% reference ranges, each linked to distinct physio-
logical conditions: temporary dehydration (total protein: team average 0.49+0.38 mg/ml: individual range 0.33-2.27 mg/mL), incorrect use
of dietary supplements (melatonin: 0.28+5.17 ng/mL; 0.001-123.016 ng/mL), elevated stress (cortisol: 3.76+3.39 ng/mL: 0.004-41.836 ng/ml)
and medication influences (cortisone: 9.53+5.82 ng/ml; 0.002-10.737 ng/ml).

> Conclusion: This study represents a first promising attempt to implement saliva-based biomarker assessment in professional soccer,
which can support medical staff, nutritionists, and coaches in identifying early signs of maladaptation, optimizing recovery strategies, and
enablingtimely, individualized interventions throughout the season. Further research is needed to validate these findings and investigate

their scalability to other sports.
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Introduction

Individualized load and recovery management are
crucial for athletes’ performance, health, and suc-
cess. In training science, definitions of external and
internal load markers are limited to measures used
for individual training control and assessable during
exercise (15). In this regard, markers that monitor
recovery after training, and that may be used for
injury prediction modelling do not fall under this
narrow definition. However, training load, recovery
management, and injury risk are closely related to
each other. Independent of definitions, the use of pre-
dominantly external measures is common practice
in professional soccer. These measures primarily in-
clude GPS-derived load metrics and biomechanical
and neuromuscular screening tests (18), which are
often integrated into non-contact muscle injury risk
prediction models in soccer due to their relevance for
player fitness and team success (10, 16, 18).

Despite their potential for load and recovery man-
agement as well as for injury prediction, the use of
internal biomarkers is largely limited to non-inva-
sive assessments of cardiovascular and metabolic
functions. These include measures such as oxygen

uptake, heart rate, and heart rate variability. Beyond
lactate, saliva- or capillary blood-based biomarkers
are rarely utilized, even though they best reflect the
current physiological status of an organism and its
organ systems. Common examples such as creatine
kinase (CK) (12) and C-reactive protein (CRP) (11) in-
dicate muscle damage and inflammation, but their
use in load and recovery management remains con-
troversial and requires individual reference values
(14, 25). Some professional soccer clubs have also
attempted to integrate regular assessments of glob-
al saliva-based stress markers, such as cortisol and
testosterone. So far, these attempts have failed due to
long processing times (ranging from days to weeks),
low assessment frequencies, short observation peri-
ods and relatively high costs per marker when sent to
external laboratories. Consequently, there is a clear
need for practical, non-invasive, and high-frequency
biomarker approaches that can complement existing
external load metrics and provide deeper insights
into the physiological status and recovery dynam-
ics of athletes. To address this gap, this study aims
to present a first practical approach for imple- >
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Team-level descriptive statistics for player characteristics and selected salivary analytes relevant to the four illustrative cases (Player A-D) over one season. All

values are presented as mean=standard deviation (SD); [minimum; maximum].
CHARACTERISTICS (zigmsi\r:wﬁ?m
Age (years) 27.25+3.77;
[21.00;31.00]
Hight o 185001510
Weight (kg) [5;176%236%70]

AMALTES (5 SAWPLES)
omcratm(ngl 02z LPR04103522)
Melatonin (ng/mL) [0%518 I:2531516]

Trigonelline (ng/mL) [%)75 0225;%%38%52]
Cortisone (ng/mL) [090%321;?14]
Cortisol (ng/mL) [03063114?132526]

PLAYER B PLAYER C PLAYER D
(198 SAMPLES) (155 SAMPLES) (132 SAMPLES)
0.81+8.86;
[0.001;123.016]
35.82+121.18;
[0.002;986.48]
4.56+3.35;
[0.002;10.737]
4.02+4.81;
[0.004;41.836]

menting a high-frequency, saliva-based, targeted multi-omics
biomarker assessment in professional soccer under resting con-
ditions. By determining individual reference values for well-es-
tablished analytes and identifying potential fields of applica-
tion, it contributes to the future integration of such methods
into athlete monitoring.

Study Cohort and lllustrative Cases

Within the study, we recruited soccer professionals as well as
players of the youth academy down to the age of 13 years star-
ting in the preseason 2024. All players and their parents (in case
of study participants below the age of 18) were informed about
the study and provided their written consent. Our investigation
was approved by the local ethics committee at TU Dortmund
University. All player data were anonymized prior to analysis,
and confidentiality was maintained through secure data sto-
rage and restricted access.

For this analysis, we included resting data (pre-training or
pre-match) from n=26 players of the first male team to ensure a
clinically relevant and homogeneous cohort, in which training
load, medical care, and routine monitoring were standardized.
Participant characteristics are listed in table 1. All samples were
collected in the morning (between 7:30 and 11:30 a.m.). Within
one season (08/24 to 05/25), we collected 2,445 saliva samples
from the first team, each containing 92 analytes analyzed using
mass spectrometry (MS)-based proteomic, metabolomic, and
lipidomic pipelines.

Four players were selected from this cohort as illustrative
cases (Player A-D). These players were chosen based on the com-
plete availability of data and representative variation patterns,
clearlyillustrating the individual reference value approach. The
selection was not intended to test specific hypotheses, but rath-
er to illustrate the methodology and its interpretation in prac-
tice. Table 1 summarizes the analytes relevant to this study for
both the team-level analysis and the individual case examples.
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Saliva Sampling

Salivette® Cortisol (Sarstedt) tubes were used for saliva
sampling according to the manufacturer’s instructions. The
players were instructed to rinse their mouths with water 10
minutes before sample collection. After that, no further food
or liquid intake was permitted. Each player removed the swab
from the Salivette® and placed it in their mouth against the
cheek, where it remained for one minute without being che-
wed. The swab was then returned directly from the mouth to
the Salivette® without contact with external surfaces. It was
securely closed, and the samples collected from the players were
prepared for analysis.

Mass Spec

Liquid chromatography-tandem mass spectrometry (LC-MS/
MS) measurements were carried out in-house at the Biolyz
Biomarker Platform. Small molecules were extracted by pro-
tein precipitation, dilute-and-shoot, or solid-phase extraction
as appropriate, then separated either on hydrophilic-interac-
tion (HILIC) or reversed-phase C18 columns operated under
analytical- or micro-flow conditions; detection used different
triple-quadrupole instruments in scheduled multiple-reacti-
on-monitoring mode. For targeted proteomics, proteins were
reduced, alkylated, and digested with trypsin (bottom-up pro-
teomics approach), and the resulting surrogate peptides were
resolved on micro-flow C18 LC and quantified by MRM with
isotopically labelled internal standards. Across the combined
panels, the platform delivered a linear dynamic range spanning
four orders of magnitude, with limits of detection extending
into the low-picogram mL™ range. System suitability was con-
firmed daily with calibrants and pooled-matrix quality cont-
rols, resulting in average intra-run and inter-day coefficients
of variation of <5 % and <9 %, respectively.

Statistical Analysis

The participants’ characteristics and the analytes were pre-
sented at the team level as mean values, standard deviations
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(SD), and minimum and maximum valu-
es. For the four illustrative cases, the cor-
responding analytes are also shown with
their individual values, allowing a direct
comparison with the reference range at
the team level (table 1). Data visualizati-
on was performed using the Biolyz dash-
board (figures 1-4).

Individual reference ranges were
calculated using an empirical Bayesian
approach implemented through scipy.
stats.bayes_mvs, using standard non-in-
formative (Jeffreys’) priors for the mean
and variance parameters. This approach
allows the observed data to be used pri-
marily for the posterior distributions
while maintaining mathematical accu-
racy through the Bayesian framework.

The model used a 30-day rolling win-
dow with adaptive functions, including
temporal weighting (current measure-
ments are weighted between 0.2 and 1.0
depending on their recency), dynamic
window expansion when there were in-
sufficient data points (a minimum of 20
measurements required), and a two-step
process that first identifies outliers using
multi-threshold detection before calcu-
lating 95% confidence intervals. The final
reference ranges combined individual
statistics with population-level data us-
ing adaptive weights that decrease as the
number of individual measurements in-
creases, ensuring robust estimates even
during initial sampling periods.

Reference range boundaries were es-
tablished using 95% Bayesian credible
intervals (26). Several statistical criteria
were used to detect outliers, including
thresholds for extreme deviations (>20x
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Salivary protein concentrations of player A and team distributions over time. A Longitudinal five-month
profile (August-December 2024) of total salivary protein concentration for Player A (57 samples). Each dot
represents one daily morning measurement. Values are expressed in mg/mL. Dot color indicates deviation
from the individual Bayesian reference range (dashed red lines): red=above upper limit, orange=slightly
above, blue=within, gray=below lower limit. The individual's mean concentration over the season was
1.13+0.42 mg/mL. B Team-level distributions (n=26 players) shown as daily boxplots for one represen-
tative month. Each box displays the team median, interquartile range, and whiskers (min-max). Colored
points represent individual values. Black-circled dots indicate the values of Player A, showing consistently
elevated concentrations, with multiple values exceeding both team and individual reference boundaries.

window mean), global Z-scores (>3.5 SD),
and boundaries based on interquartile range adjusted for data
availability. When Bayesian calculations were not possible due
to limited data, a fallback approach using mean +2 SD was ap-
plied to ensure continuous monitoring,.

The reference ranges underwent internal validation, which
included biomarker-specific adjustments for known markers
with high variability, detection algorithms for users with con-
sistently low baseline values, and comprehensive error handling
with fallback strategies to ensure the robustness of the calcula-
tions. Although no external validation using certified reference
materials or cross-laboratory comparisons was performed in
this implementation, the adaptive combination of population
statistics (derived from the entire user cohort) with individual
data provides an internal quality control mechanism.

The analyses were primarily exploratory and descriptive,
aiming to demonstrate the application of individualized Bayes-
ian reference intervals for monitoring players.

To illustrate the practical implementation of high-frequency
monitoring of saliva-based biomarkers in professional soccer,
four illustrative cases (Examples 1-4) are presented. These ex-
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amples demonstrate different physiological patterns observed
across the cohort that are more pronounced than is typically
the case for most players. They clearly show how individual re-
ference ranges can be used and interpreted, and how repeated,
high-frequency sampling of selected biomarkers in saliva can
reveal meaningful patterns related to hydration, circadian
rhythm, metabolic balance, and stress response.

Table 1 summarizes the descriptive statistics for team char-
acteristics and for a subset of salivary analytes relevant to the
four illustrative cases (Players A-D), including total protein
concentration in saliva, melatonin, trigonelline, cortisone,
and cortisol. An overview of the physiological ranges, biological
functions, and interpretations of these markers can be found in
the supplementary table 1 (online?).

Example 1: Chronic Dehydration (Player A)

Dehydration has a significant impact on athletic performan-
ce and is widely recognized among players, nutritionists, and
coaches as a factor that increases the risk of injury (23). Total
saliva protein levels serve as an indirect measure of hydration
status (9, 28, 29). In this case, concentrations were above the
individual reference range for several days in a row. All samples
were taken under resting conditions, i.e., before trainingor >
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Salivary cortisone concentrations of Player C. Longitudinal ten-month profile (August 2024-May 2025) of morning salivary cortisone concentrations for Player C
(155 samples). Each dot represents one daily morning measurement. Values are expressed in ng/mL. Dot color indicates deviation from the individual Bayesian
reference range (dashed red lines): red=above upper limit, orange=slightly above, blue=within, gray=below lower limit. The individual’s mean concentration over
the season was 4.56 +£3.35ng/mL. Transient outliers correspond to identifiable physiological or pharmacological events. URTI: Upper respiratory tract infection;

NSAID: Non-steroidal anti-inflammatory drugs.

before the game, although it is assumed that previous training
or game activities during the season contributed to the basic
hydration status. Remarkably, player A indicated significantly
higher baseline boundaries compared to his teammates, high-
lighting the need for individual reference values. After being
informed by medical staff about the potential dehydration issu-
es, player A acknowledged that he had previously had problems
maintaining adequate hydration and responded immediately,
as reflected in figure 1.

Example 2: Over-Supplementation of Melatonin (Player B)
The use of supplements is common practice in professional
sports. While evidence for the substitution of many supple-
ments is rather limited, other benefits and risks have been
described. Melatonin is a well-established supplement which
improves sleep quality (2) and reduces systemic inflammation.
It is widely substituted to counteract jet lags or support sleep
in specific working conditions, such as shift work (4). Recom-
mended dosages typically range from 0.5 to 5.0 mg per day (21).
However, excessive intake or misuse can lead to abnormal fa-
tigue or tiredness, hypotension, and reduced attention (27). In
this case, a gradual increase in melatonin supplementation led
to significantly increased saliva concentrations at rest (range
from 0.001 to 123.016 ng/ml). The increasing substitution of me-
latonin was associated with a decreased physical and mental
performance of player B. The data also indicate a compensatory
increase in caffeine intake, which was reflected in rising trigo-
nelline concentrations. After the medical staff recognized the
overdose, they informed the player, who subsequently stopped
or significantly reduced the supplementation of melatonin, lea-
ding to arapid normalization of biomarker levels and a comple-
te restoration of well-being and performance (figure 2).

Example 3: Pain Detection and Screening

of Medical Intervention (Player C)

Pain which derived from injuries or degenerative alterations
within the musculoskeletal system is frequently observed in
professional sports (1). From a health perspective, it makes
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sense to relieve pain through medical measures such as the
application of non-steroidal anti-inflammatory drugs (NSAID)
or corticosteroid injections when these are combined with re-
covery measures and further non-pharmaceutic interventions
(e.g. physiotherapy).

This is certainly not always the case in professional sports,
where these kinds of actions are also taken to enable athletes
to participate in competitions. Due to the high psychological
pressure and the desire to play, some athletes tend to report
pain only ifitis severe, and sometimes with a delay. In this case,
salivary cortisone levels above individual reference values of
player C were directly associated with pain. After medical in-
terventions (corticosteroid injection perineural, epidural out
of competition with clear medical indication in August, No-
vember, January, April, May and NSAID in March), saliva cor-
tisone concentrations decreased below individual reference
levels, as was to be expected based on the well-documented
pharmacokinetics of this medication (22). This sustainable
decrease was observed for several days up to weeks before
reaching reference boundaries again. Notably player C did not
report any pain during the initial observation phase. However,
the cortisone concentration in saliva subsequently increased,
coinciding with the onset of pain symptoms. This pattern was
observed repeatedly over time, as shown in figure 3. Although
these results cannot yet be generalized, the cortisone level in
saliva appeared to serve as an objective and sensitive indica-
tor for the early detection of pain in this player, especially in
conjunction with subjective pain reports and medication use.
This information can help to adjust the load during match or
training and optimize recovery managementin order to prevent
more severe health issues.

Example 4: Cortisol as Unspecific Marker

of Stress (Player D)

Cortisol is an established, albeit nonspecific, biomarker that
reflects physiological and psychological stress. Because of its
distinct circadian rhythm and high inter- and intraindividual
variability, meaningful interpretation requires standardized
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assessments and the use of individual re-
ference values. Player D repeatedly sho-
wed pronounced cortisol increases on
three different times during the season
(figure 4). The first increase preceded a
viral infection, while the second coinci-
ded with a period of high psychological
stress for the whole team following the
announcement of a head coach chan-
ge. The third increase was associated
with bad sleep caused by family reasons
(child). This example illustrates that ele-
vated cortisol levels may occur for va-
rious stressors but can still serve as an
early signal for medical staff, enabling
targeted interventions and more efficient
use of team resources.

[ Discussion [

Overall, our findings indicate that
high-frequency saliva-based targeted
multi-omics biomarker assessment in
professional soccer can identify indivi-
dual physiological deviations with po-
tential impact on athletes’ and teams’
performance and health. The four illus-
trative cases demonstrate how indivi-
dual reference ranges can reveal tempo-
rary dehydration, oversupply, increased
stress, or the influence of medication.
These deviations were communicated
to medical staff and players, resulting in
corrective measures and normalization
of analytical values.

It must be emphasized that these are
exploratory cases and therefore require
further validation. Nevertheless, these
cases illustrate the potential of the meth-
od applied. In order to fully utilize these
markers and develop practical counter-
measures, a broad spectrum of expertise
and resources is required.

High acceptance among coaches and
players are essential for reliable imple-
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Salivary melatonin and trigonelline concentrations of player B. A Longitudinal six-month profile (August
2024-January 2025) of salivary melatonin concentrations for Player B (44 samples). Each dot represents
one daily morning measurement. Values are expressed in ng/mL. Dot color indicates deviation from the
individual Bayesian reference range (dashed red lines): red=above upper limit, orange=slightly above,
blue=within, gray=below lower limit. A maximum value of 16 ng/mL was measured but is not shown in the
figure for visualization reasons. The individual’s mean concentration over the season was 0.81+8.86 ng/
mL. B Corresponding salivary trigonelline concentrations (ng/mL) for the same period. Mean concentration
over the season was 35.82 +121.18 ng/mL. Trigonelline, a biomarker associated with coffee consumption,
shows an increase that coincides with the period of elevated melatonin levels.

mentation. Educational sessions with
coaches and the medical staff ensure understanding of objec-
tives, methods, potential of assessment, and limitations. Ad-
ditionally, it should be clearly communicated that immediate,
reliable scientific results are not to be expected, but rather that
the aim is to achieve long-term improvements in performance
and health.

All players and, in the case of participants under the age
of 18, their parents should be fully informed about the study
procedures by both the coaches and the scientific staff. Par-
ticipation must be voluntary, and a high level of acceptance of
the methodology should be observed from the outset. Sample
collection and quality require continuous monitoring to mini-
mize missing data. Ethical considerations, including transpar-
ency and trust, are paramount. Data visualization tools, such
as dashboards and integrative indicators for hydration, sleep,
and fatigue, facilitate interpretation of complex datasets and
emphasize longitudinal trends over individual outliers.

Finally, the results need to be communicated to the medi-
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cal staff and subsequently to the players and, potentially, the
coaches. This process is challenging, as complex and compre-
hensive information must be condensed. To facilitate this, a
dashboard is used to indicate when a player falls outside of
individual reference ranges for each analyte, primarily focus-
ing on well-established markers. The information is further
simplified by combining markers into integrative indicators
such as sleep, fatigue, or pain. Individual abnormal readings are
not highlighted; instead, trends across consecutive measure-
ments are considered. If several consecutive samples indicate
abnormal levels (outside individual references) or trends, the
findings should be discussed with the medical staff. Issues such
as malnutrition, over-supplementation, or dehydration need to
be directly communicated to the players by the medical staff,
leading to immediate success, as evidenced by the normaliza-
tion of respective analytes and an improvement in performance.
Effective communication requires empathy and trust from both
sides. Assessments are designed to improve performance >
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Salivary cortisol concentrations of player D and team distributions over time. A Longitudinal ten-month profile (Au-
gust 2024-May 2025) of morning salivary cortisol concentrations for Player D (132 samples). Each dot represents
one daily morning measurement. Values are expressed in ng/mL. Dot color indicates deviation from the individual
Bayesian reference range (dashed red lines): red=above upper limit, orange=slightly above, blue=within, gray-
=helow lower limit. The individual’s mean concentration over the season was 4.02+4.81 ng/mL. Three clusters
of elevated outliers coincided with known stress periods. URTI: Upper respiratory tract infection. B Team-level
distributions (n=26 players) shown as daily boxplots during January. Each box displays the team median, inter-
quartile range, and whiskers (min-max). Colored points represent individual values. C Team-level distributions
(n=26 players) shown as daily boxplots during February. Each box displays the team median, interquartile range,

range of molecules. In addition to the
rapid availability of results, high-fre-
quency measurements are necessary
for two reasons: firstly, to provide
medical staff with information on an
almost daily basis, and secondly, to
define individual reference ranges. It
should be noted that untargeted ap-
proaches are more suitable for iden-
tifying new targets, whereas targeted
T approaches are necessary for defin-
ing individual and interpretable ref-
erence limits. Previous research on
CK and CRP has demonstrated that
both, resting levels and responses
to acute exercise exhibit significant
interindividual variability, high-
lighting the need for individual ref-
erence values (3, 5, 25). A limitation
of this analytical approach is that
0 it is only effective when customized
$ and integrated into specific environ-
ments (here, soccer). Additionally, it
requires strong methodological and
biological expertise as well as finan-
cial resources.
. Saliva sampling offers both advan-
tages and limitations as a biological
sample for high-frequency biomarker
monitoring. However, different sam-
pling techniques such as passive
drooling, spitting, absorption, and
suction have varying implications
depending on the analysis’s objec-
tive (8). Factors like salivation rate
and protein content must be consid-
ered, necessitating adjustments and
standardized sampling procedures
: (7,8). A major disadvantage is that as-
sociations with blood levels need to
be established for direct knowledge
: transfer (e.g. correlations to pathol-
ogies events). For certain markers,
such as cortisol (24) or testosterone
(6, 19), these associations have al-
ready been demonstrated (13), while
evidence for other analytes remains
limited or inconsistent due to meth-
odological heterogeneity and small
sample sizes. To improve analytical

Bad sleep
reported —»-

Psychological
stress event

| '
21 22

robustness, saliva measurements are
supplemented by venous and capil-
lary blood sampling and, in some
cases, muscle biopsies under stan-
dardized conditions. Recent studies
examining parallel plasma, urine,

and maintain health, not to control individuals.

From an analytical perspective, it is crucial to balance depth
(number of analytes) and speed of analysis. Achieving this bal-
ance with current MS techniques limits the competitiveness of
existing point-of-care tools or standard laboratory procedures,
such as enzyme-linked immunosorbent assays (ELISA). More-
over, MS is highly adaptable and can be used to quantify a wide
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and saliva proteomics have shown
that protein abundance in body fluids correlates at rest and that
these correlations increase during acute exercise. Notably, 191
proteins showed significant correlations between plasma and
saliva, compared to only seven between plasma and urine (17).
Ofthe 1,943 proteins detected in saliva, 601 showed significant
changes after acute exercise, with some remaining elevated
for over 24 hours. Several of these proteins are directly related
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to muscle integrity and extracellular matrix remodeling, un-
derscoring the potential of saliva as a source of biomarkers in
professional sports and beyond.

In arecent study by Lindsey et al., new biomarkers were iden-
tified in saliva that predict objectively assessed physical fatigue
and readiness for warfighters (20). These markers, measured
using MS-based untargeted proteomics, were superior to mea-
surements such as cortisol, testosterone, IL6, uric acid, IgA, and
alpha amylase. Nevertheless, many analytes within the applied
panel are rather unspecific. For example, elevated cortisol levels
may indicate sleep disorders, psychological stress, infections,
or pain. However, deviations from individual reference values
provide an objective tool for alerting medical staff to potentially
critical conditions in individual players.

Notably, high-frequency saliva-based biomarker assessment
may represent a valuable add-on to wearable technologies that
are increasingly used in professional sports to continuously
monitor external load, heart rate, or movement patterns. While
these tools provide important information about movement
(patterns) and physiological responses of the cardiorespira-
tory system, they do not capture direct biochemical changes.
The evaluation of saliva-based multi-omics biomarkers comple-
ments wearables by providing molecular insights into hydra-
tion, stress, inflammation, and metabolic status, enabling the
detection of subtle individual differences. Integrating biomark-
er measurements with wearable data represents a promising
approach to comprehensive athlete monitoring and enables
personalized interventions that combine internal physiological
signals with external stress and performance metrics.

This study is descriptive and exploratory. No control group
or standardized performance outcomes were included, and
cross-validation with blood or clinical endpoints is pending.
The specificity of the markers may be limited (e.g., cortisol in-
creases due to multiple factors), and the cohort consists of a
single professional team, restricting generalizability.

Repeated high-frequency measurements on larger cohorts,
combined with external load metrics and psychological as-
sessments, could improve predictive models for injuries and
performance. Ultimately, these data can support data-driven
monitoring and personalized interventions but require larger
samples and repeated measurements to improve accuracy and
generalizability.

However, these initial experiences demonstrate the feasi-
bility and potential benefits of high-frequency, saliva-based
multi-omics measurements in professional soccer and provide
a foundation for future validation studies and practical inte-
gration into athlete monitoring programs.
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High-frequency multi-omics analyses based on saliva enable
non-invasive monitoring of athletes and can reveal individual
problems such as malnutrition, pain, or stress that affect per-
formance.

Saliva sampling offers practical advantages but also presents
methodological challenges that require standardization and va-
lidation compared to blood measurements.

Despite these limitations, initial results underscore the potential
of saliva-based multi-omics to support individualized training,
health monitoring, and performance optimization in professional
SOCCe.
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