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Abstract: Background/Objectives: Endurance triathlons impose substantial physiological stress, yet
the effects of short-course formats remain relatively unexplored. This preliminary study presents
novel findings on proteinuria and hydration levels in well-trained triathletes. Methods: 27 par-
ticipants (41.9 ± 7.4 years) who completed a sprint triathlon consisting of a 1500 m swim, 26 km
cycle, and 8 km run. Urine samples were collected before and after the race. Results: Our results
revealed a significant increase in post-race proteinuria cases from four to nine (p = 0.03) and the
first reported case of post-race urobilinuria and ketoacidosis in this context. Additionally, pre-race
glucosuria, present in nine cases, decreased to three post-race. Hematuria cases decreased from six to
two (p = 0.13) and pre-race leukocyturia resolved post-race. There was a significant increase in urine
specific gravity (from 1.018 to 1.023, p = 0.03), indicating dehydration. Conclusions: Short-course
triathlons significantly induced post-race proteinuria, urobilinuria, and dehydration, highlighting the
substantial physiological stress on kidney function and hydration status despite the shorter distances.
These findings underscore the importance of monitoring urinary biomarkers and hydration levels in
athletes before and after competition.

Keywords: physical endurance; renal function; exercise-induced dehydration; athlete health; urinary
biomarkers; physiological stress

1. Introduction

Endurance sports, such as triathlons, impose considerable physiological stress on ath-
letes, demanding exceptional cardiovascular fitness, muscle strength, flexibility, and mental
stamina to complete [1]. The triathlon, consisting of sequential swimming, cycling, and
running legs, is renowned as one of the most physically demanding single-day endurance
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events [2]. While the physiological demands of long-course triathlons like the Ironman
(140.6 miles in 8–17 h) have been extensively investigated [3], the effects of shorter and
high-intensity formats such as sprint (750 m swim, 20 km bike, 5 km run) and Olympic
distance (1.5 km swim, 40 km bike, 10 km run) triathlons on markers of kidney function
and hydration status remain relatively unexplored. These shorter races enable athletes
to maintain higher percentages of their maximal oxygen uptake (VO2max) and heart rate
across all legs, resulting in greater physiological strain despite the reduced total distance [4].

Numerous studies have examined the physiological responses, including dehydration
and proteinuria, in various running events and distances equivalent to short triathlons [5].
Instead, the key difference between triathlons and running races is the sequential nature of
the three disciplines (swim, bike, run) in a triathlon [4]. This multi-modal aspect introduces
additional challenges compared to a single running event, which can affect hydration status
and kidney function differently than a sustained running effort [6,7].

Exercise-induced proteinuria, characterized by the transient elevation of abnormal
protein levels in the urine following physical exertion, is a well-documented phenomenon
in endurance athletes [8]. This phenomenon has been widely reported in the context of long-
distance triathlons and ultramarathons, where high rates of post-competition proteinuria
have been observed [9,10]. The underlying mechanisms are thought to involve increased
kidney blood flow and altered glomerular permeability during intense exercise, leading
to the leakage of proteins into the urine [11,12]. Although exercise-induced proteinuria
is typically transient and reversible, recurring instances may indicate underlying kidney
damage or dysfunction [13,14].

Dehydration is another major concern in endurance sports like triathlons, which
can exacerbate exercise-induced proteinuria by increasing blood viscosity, promoting
renal vasoconstriction, and altering glomerular permeability [15–18]. The impacts of
dehydration on kidney function have been well-documented in the context of longer
triathlon and ultra-endurance events. However, the relationship between hydration status
and proteinuria in the specific setting of short, high-intensity triathlon formats still needs
to be better understood.

Furthermore, it is important to provide some background on the urinary biomarkers
assessed in this study. Glucosuria, or the presence of glucose in the urine, can indicate
impaired glucose regulation, which the metabolic demands of endurance exercise in trained
athletes may exacerbate [19]. Proteinuria, the abnormal presence of proteins in the urine,
is a well-documented phenomenon in endurance athletes and can provide insights into
exercise-induced alterations in kidney function and permeability [8]. Leukocyturia, or the
presence of white blood cells in the urine, may reflect inflammatory processes within the
urinary tract that can be affected by the physiological stress of triathlon competition [20].
Examining these urinary biomarkers in the context of short-course triathlons can elucidate
the unique physiological challenges this athlete population faces.

While various physiological responses to triathlon events have been studied, pro-
teinuria and hydration status were chosen as the primary focus of this investigation for
several reasons. Proteinuria is a well-established marker of exercise-induced stress on
renal function [8], and its occurrence in short-distance triathlons has not been extensively
studied. Moreover, the relationship between exercise intensity and proteinuria [11] makes
it particularly relevant to shorter, more intense triathlon formats. Hydration status, as
indicated by urine specific gravity, is crucial for maintaining performance and preventing
heat-related illnesses in endurance events [15,18]. The unique combination of three disci-
plines in triathlons, each with different thermoregulatory demands, makes understanding
hydration dynamics in these events particularly important [4,6,7]. Additionally, dehydra-
tion can exacerbate exercise-induced proteinuria [17], creating a potential interplay between
these two factors that warrants investigation in the context of short-distance triathlons.

Therefore, this preliminary study aimed to provide novel insights into the physiolog-
ical responses, including proteinuria and hydration status, to shorter and more intense
triathlon events. Examining these markers in the context of short-course triathlons, where
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the potential kidney stress and dehydration-induced impacts may differ from longer en-
durance competitions, could inform medical guidelines and athlete preparation strategies
for this increasingly popular endurance sport discipline. Our primary objective was to
assess the occurrence and extent of proteinuria and dehydration in well-trained athletes
participating in a short-distance triathlon and to explore potential relationships between
these physiological responses and race performance.

2. Methods
2.1. Design

This was a repeated-measures observational study conducted during a competitive
short-distance triathlon event. Data were collected both before and after a competitive
hilly triathlon that started with a 1500 m swim in a temperate 25 m indoor pool, followed
by a 26 km cycling leg with a total ascent of 1100 m, and concluded with an 8 km run
featuring a total ascent of 180 m. This classification is common practice when any segment
of the triathlon is significantly shorter or is realized in a different environment that reduces
the physical demands of the competition. In this study, the organizers selected shorter
cycling and running distances considering participants’ abilities, safety, and logistical
constraints. The swimming segment was conducted in a pool instead of open water
to ensure safety and control over environmental variables (e.g., waves, currents, water
temperature). These protocol variations, influenced by the event organizers, provide
meaningful data on the physiological impacts of short-distance triathlons and can inform
future research and practice.

Athletes were not monitored or recorded for their calorie and hydration intake during
training and racing to maintain ecological validity. This approach ensured that participants
maintained their usual training load, lifestyle habits, and nutritional practices throughout
the assessment. By not influencing their behavior, we aimed to observe the physiological
impacts under typical conditions, thus reflecting a more realistic and natural setting.

The event occurred under environmental conditions with temperatures ranging from
23 ◦C to 25 ◦C and relative humidity between 60% and 75%. Throughout the triathlon,
participants’ performance and distances were continuously monitored using smartwatches
provided to each athlete. Additionally, urine samples were collected before and after the
race to assess the physiological impact on kidney function and hydration status, analyzing
markers such as proteinuria, urobilinuria, glucosuria, hematuria, and leukocyturia.

2.2. Participants

Twenty-seven well-trained triathletes participated in the study, comprising twenty
men and seven women with a mean age of 41.9 ± 7.4 years, body mass of 70.1 ± 13.7 kg,
stature of 1.78 ± 0.38 m, and a VO2max of 57.6 ± 6.4 mL/kg/min. These participants
were recruited from a pool of highly experienced ultra-endurance triathletes boasting an
average of 12.4 ± 5.2 years of experience in the field. Inclusion criteria required participants
to undergo rigorous training, involving 5 to 6 weekly sessions lasting between 300 to
400 min/week, and not participating in a competition between the VO2max assessment and
the competition (minimum 15 days between events). Additionally, male participants were
expected to achieve a season best of under 20 min in a 5 km run, while female participants
were expected to achieve a season best of under 25 min in the same running distance.

Before participating in the study, athletes received comprehensive information de-
tailing the potential risks and discomforts associated with the testing procedures. They
provided their informed consent, and the research adhered to the guidelines outlined in
the Declaration of Helsinki (2013). Furthermore, the study underwent a thorough review
and received approval from an Institutional Review Board (Reg. Code 139/2020).
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2.3. Measurements
2.3.1. Anthropometry

Body mass measurements were obtained using a digital scale (Elite Tanita-Ironman®

Series BC554, Arlington Heights, IL, USA) with a sensitivity of 0.1 kg. Stature measurements
were taken using a stadiometer (SECA 213, Hamburg, Germany) to the nearest 0.1 cm.

2.3.2. Physical Performance

Two weeks before the competition, each participant’s maximum oxygen consump-
tion (VO2max) was assessed in a laboratory setting using a gas analyzer device (VO 2000,
MedGraphics®, St. Paul, MN, USA) and the BreezeSuite® software, version 8.5. The VO2max
testing was conducted on a treadmill (T5, Lifefitness, Rosemont, IL, USA) following an
incremental intensity protocol developed by Martin & Coe [21]. The protocol consisted of a
3 min warm-up, followed by a gradual increase in speed (1 km/h) every 3 minutes until
the participants reached volitional fatigue. The gas analyzer had an accuracy of within
±3% for absolute volume measurements [22].

During the triathlon competition, athletes’ speed, distance, and time for each discipline
were monitored using a smartwatch (Forunner 745, Garmin, Olathe, KS, USA). Participants
independently completed the laps between disciplines and transitions, with distances
verified by event judges at the conclusion.

2.3.3. Urine Collection and Analysis

Before and following the triathlon, urine samples were collected on-site using sterile
30 mL polypropylene containers (Nipro Medical Corp., Osaka, Japan). Subsequently, these
samples underwent analysis employing highly sensitive and accurate dipsticks specifically
designed for urine screening (Combur10Test M, Roche, Mannheim, Germany) [8,23]. Two
independent microbiologists conducted the analysis immediately after collection and
compared the results against the color scale provided by the manufacturer. In case of
discrepancies between the two observers, a third researcher’s opinion was sought to reach
a consensus. None of the participants reported any urination difficulties or discomfort.

The urine samples were screened for several parameters, including leucocytes, erythro-
cytes, bilirubin, ketones, nitrites, protein, glucose, and urobilinogen. Trace amounts were
considered negative, while scores greater than one were recorded. The interpretation of
the urine test results was as follows: a score above one indicated leucocytes counts greater
than 10 cells/µL, erythrocytes count greater than 5 cells/µL, bilirubin levels higher than
one, ketones higher than one, positive nitrites, protein levels exceeding 30 mg/dL, glucose
levels higher than 50 mg/dL, and urobilinogen levels higher than 1 mg/dL.

2.3.4. Hydration Status

To assess the hydration status of the participants, urine specific gravity (USG) was
determined from urine samples collected immediately before and after the triathlon com-
petition. This measurement involved an evaluation of urine solids, with USG values
confirmed utilizing a handheld digital refractometer (Palm AbbeTM, Misco, Solon, OH,
USA) [24]. Before use, the refractometer underwent appropriate cleaning and calibration.
The classification of hydration status based on USG values was categorized as follows:
well-hydrated (USG < 1.01), minimal dehydration (USG = 1.01–1.02), significant dehydra-
tion (USG = 1.02–1.03), and severe dehydration (USG > 1.03) [15]. Urine samples were
collected and analyzed close to the start and finish of the triathlon to provide insights into
the participants’ hydration levels during the competition.

Regarding the timing of urine sample collection, it is important to note that fluctu-
ations in urine concentration can occur naturally throughout the day, with the highest
concentrations typically observed in the morning and more stable levels in the afternoon
and evening hours [25]. In this study, urine samples were collected immediately before the
start and after the completion of the triathlon event, ensuring that the pre- and post-race
measurements were taken within a relatively narrow timeframe and under similar condi-
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tions. While the NATA-recommended cut-off values were used to classify hydration status,
the timing of sample collection helps mitigate potential confounding effects of diurnal
variation in urine concentration.

2.4. Data Analysis

The data are presented as mean and standard deviation (SD) or frequencies for relevant
distributions. A significance level 0.05 was predetermined, and the critical value was calcu-
lated based on the sample size and alpha level. Statistical analysis of the data collected was
conducted using IBM SPSS® (IBM Corp., Armonk, NY, USA, https://www.ibm.com/spss,
accessed on 1 March 2024). The association between pre- and post-event urine component
measurements was assessed using a Chi-squared test for within-subjects (McNemar’s
Test). Additionally, the Wilcoxon (Z) non-parametric test was employed to explore the
differences in the number of cases of specific urinary conditions (pre vs. post). Furthermore,
to analyze the changes in urine specific gravity (USG) from pre- to post-competition, a
paired t-test was used. The Shapiro–Wilk Test confirmed the normal distribution of the
USG data, allowing for the appropriate application of the paired t-test to compare the
mean USG values before and after the triathlon event. A Spearman’s Rank Correlation (ρ)
test assessed the strength and direction of associations between ordinal and continuous
variables. Spearman’s ρ is a non-parametric test that evaluates the monotonic relationship
between two variables, making it suitable for data that are either ordinal or exhibit non-
linear relationships. This method does not assume normality, which is appropriate for the
current ordinal and categorical variables dataset. Correlations with ρ > 0.5 were considered
significant, indicating moderate to strong relationships.

3. Results

The triathletes completed the swimming section at an average pace of 2:00 ± 0:12 min/
100 m, the cycling section at an average pace of 15.43 ± 2.23 km/h, and the subsequent
running section at a pace of 5:38 ± 0:31 min/km. These paces resulted in a total time of
30.00 ± 3.00 min in the swimming section, 101.10 ± 14.63 min in the cycling section, and
45.06 ± 4.13 min in the running section. The triathlon total time was 176.16 ± 21.76 min.

Table 1 presents the number of cases per urine component based on the results and
assessment time-point. The findings indicate the presence of glucosuria (n = 9) and pro-
teinuria before the start of the event (n = 4). Moreover, there was a 133% increase (five new
cases) in proteinuria cases following the event. Additionally, one case of urobilinuria and
ketoacidosis was reported.

Table 2 presents the number of positive cases of urobilinuria, ketoacidosis, glucosuria,
proteinuria, hematuria, leukocyturia, and urine nitrates. Pre–post associations were ob-
served in cases of urobilinuria, ketoacidosis, and urine nitrates, with each health condition
having only one case. Additionally, there was a statistically significant change in the num-
ber proteinuria cases (Z = 29.60, p = 0.03). The paired t-test results indicated a significant
increase in USG when comparing pre vs. post values (1.018 ± 0.009 vs. 1.023 ± 0.005;
t = 2.26, p = 0.03).

Finally, a positive correlation was found between ascorbic acid and pH, with ρ = 0.61.
A strong positive correlation (ρ = 0.72) was found between erythrocytes and ketones. A
moderate positive correlation (ρ = 0.54) was found between protein levels and erythrocytes
in the samples. A moderate negative correlation (ρ = −0.50) was found between pH and
protein levels in the samples. Finally, there was no correlation (ρ < 0.5) between USG and
protein levels or erythrocytes.

https://www.ibm.com/spss
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Table 1. Distribution of urine components by outcome and measurement time-point.

Variable Outcome
Pre-Race Post-Race

n % n %

Bilirubin Negative 27 100 27 100

Urobilinogen Negative 27 100 26 96.30
70 mg/dL 0 0.00 1 3.70

Ketones
Negative 27 100 26 96.30

1+ 0 0 1 3.70

Glucose
Normal 18 66.66 24 88.90

50 mg/dL 9 33.33 3 11.10

Protein

Negative 23 85.20 18 66.70
30 mg/dL 2 7.40 3 11.10

100 mg/dL 2 7.40 5 18.50
500 mg/dL 0 0.00 1 3.70

Erythrocytes
Negative 21 77.80 25 92.60

5–10 cells/µL 6 22.20 1 3.70
250 cells/µL 0 0.00 1 3.70

Nitrites
Negative 26 96.30 26 96.30
Positive 1 3.70 1 3.70

Leucocytes Negative 25 92.60 27 100
10–25 cells/µL 2 7.40 0 0.00

Table 2. Association between cases above normal/negative values by evaluation time-point.

Variable
Pre-Race Post-Race Z

(Wilcoxon)
p-Value X2 p-Value McNemar’s

Test Valuen % n %

Bilirubin (≥1+) 0 0.00 0 0.00 0.00 1 - - -
Urobilinogen (≥ 8 mg/dL) 0 0.00 1 3.70 0.00 1 22.00 <0.01 1

Ketones (>1+) 0 0.00 1 3.70 1 0.32 22.00 <0.01 1
Glucose (≥50 mg/dL) 9 51.90 3 11.10 2.12 0.03 0.95 0.33 0.07
Protein (>30 mg/dL) 4 14.80 8 29.60 1.16 2.49 1.20 0.28 0.39

Erythrocytes (≥5 cells/µL) 6 22.20 2 7.40 1.41 0.16 0.83 0.83 0.29
Nitrites (positive) 1 3.70 1 3.70 0.00 1 22 <0.01 1

Leucocytes (≥10 cells/µL) 2 7.40 0 0.00 1.41 1.16 - - -

4. Discussion

This preliminary study aimed to assess proteinuria and hydration status in athletes
participating in a short-distance triathlon. Several noteworthy findings emerged from
the study, including proteinuria, urobilinuria, and significant dehydration induced by
participation in the short-distance triathlon.

The observed increases in post-race proteinuria, urobilinuria, and dehydration
were consistent with previous research on the physiological responses to endurance
exercise [9,10,26]. While the frequency of cases observed in our study is lower than that
reported in previous studies of ultramarathon athletes [10], the mechanisms underly-
ing exercise-induced proteinuria likely involve heightened renal blood flow and altered
glomerular permeability resulting from extreme physical exertion [12], as well as the di-
version of blood flow away from the kidneys and toward the muscles and skin during
exercise [11,14]. One notable case of post-race urobilinuria was reported, indicating poten-
tial acute kidney injury that warrants further medical investigation [17]. While this finding
is interesting, it is important to note that our study design did not include monitoring of
participants’ dietary intake or nutritional status before or during the race. Therefore, we
cannot conclude the specific factors that may have contributed to this observation. Future
studies investigating urinary biomarkers in short-distance triathlons should consider in-
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corporating dietary assessments to provide a more comprehensive understanding of the
physiological responses to this type of endurance event.

The observed decrease in pre-race hematuria and leukocyturia after the competition is
an intriguing finding that warrants further investigation. While this result appears counter-
intuitive given the high-intensity nature of the event, it is important to note that the complex
physiological responses to endurance exercise can vary among individuals and may depend
on factors such as training status, hydration, and pre-existing conditions. This unexpected
outcome highlights the need for more comprehensive studies to elucidate the underlying
mechanisms of urinary biomarker changes in response to short-distance triathlons.

On the other hand, some cases of glucosuria, proteinuria, hematuria, leukocyturia,
and dehydration were observed before the competition. Interestingly, pre-race glucosuria
did not worsen with triathlon exertion; instead, it decreased post-race. This contrasts
with previous findings indicating that endurance exercise can exacerbate glucosuria in
athletes with diabetes [19]. The progressive nature of the cycling and running course
in the short-distance triathlon may have enhanced glucose uptake by active muscles,
potentially through the activation of cellular signaling pathways responsible for glucose
transport [27]. These factors may have contributed to the observed decrease in post-race
glucosuria in the current study, although this aspect requires further investigation in
the context of triathlon events. High-intensity training and carbohydrate-rich diets may
contribute to pre-race glucosuria, hematuria, and proteinuria, potentially reflecting renal
strain from muscle breakdown [8,28,29]. Overtraining or pre-race stress might also lead
to leukocyturia due to immune system compromise or inflammation [30]. These findings
suggest further study on how training loads and environmental exposure affect athletes’
pre-race physiological states.

Finally, participation in the triathlon significantly increased USG, indicating dehydra-
tion. This aligns with studies demonstrating a worsening of hydration status in longer
triathlons [26]. Dehydration can exacerbate exercise-induced proteinuria by increasing
blood viscosity, renal vasoconstriction, and glomerular permeability [17,26]. It is essential to
note that dehydration often leads to exercise-associated hyponatremia, where sodium con-
centration in blood, plasma, or serum decreases to abnormally low levels (<135 mmol/L).
This condition can manifest symptoms ranging from mild, such as nausea, muscle cramps,
and weakness, to severe, including confusion, seizures, and even coma (exercise-associated
hyponatremic encephalopathy) [31]. However, this aspect has received limited attention in
the context of short-distance triathlons [32].

The observed correlations highlight key physiological responses to the intense physical
stress experienced by athletes during the triathlon. The positive relationship between
ascorbic acid and pH suggests a potential role for ascorbic acid in maintaining acid-base
balance, possibly influenced by dietary intake or metabolic adjustments under exertion.
The strong association between erythrocytes and ketones may reflect dehydration and
increased fat metabolism, common responses to energy depletion in endurance sports [33].

Furthermore, the relationship between proteinuria and hematuria points to possible
renal stress, likely due to the combined effects of dehydration and high physical exertion.
The negative correlation between pH and protein levels suggests that a more acidic urinary
environment could exacerbate kidney stress or injury during high-intensity activities like
triathlons [29,34,35].

However, it is important to note that using urine strips for these measurements limits
the certainty of the results. While these strips provide valuable preliminary insights [23,36],
their semi-quantitative nature means that the findings should be interpreted with caution.
More robust methods, such as laboratory-based biochemical analysis, would be required to
confirm these physiological patterns more accurately.
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4.1. Limitations

This study provides valuable insights into the physiological responses to short-distance
triathlons, particularly regarding proteinuria and hydration status. Our rapid dipstick
urinalysis allowed for immediate assessment of multiple urinary biomarkers in a field
setting, providing a comprehensive snapshot of athlete health immediately post-race.
Including well-trained triathletes ensured our findings were relevant to the population
most likely to participate in these events. Furthermore, our study is among the first to
examine these specific physiological responses in the context of short-distance triathlons,
filling an important gap in the literature.

However, some limitations should be considered when interpreting our results. The
relatively small sample size (n = 27) may have led to statistically significant results for
small changes, highlighting the preliminary nature of our findings. The absence of a
non-exercising control group limits our ability to distinguish between exercise-induced
changes and potential diurnal variations in urinary biomarkers. Our reliance on a single
post-race urine sample restricts our ability to track the duration of observed changes or
identify peak levels of proteinuria. While dipstick urinalysis enabled rapid screening
results, the utilization of more advanced urine and blood markers such as urine protein-
creatinine ratios, cystatin-C, urinary neutrophil gelatinase-associated lipocalin (NGAL),
and urinary kidney injury molecule-1 (KIM-1) could enhance the precision of the analysis,
particularly regarding conditions such as acute kidney injury. Additionally, the unexpected
improvement in some biomarkers post-exercise, such as the decrease in pre-race haematuria
and leukocyturia, warrants further investigation to understand the underlying mechanisms
in the context of high-intensity, short-distance triathlons. Also, it is interesting for future
studies to realize correlations, regressions, and factor analysis results to check which factors
are related to specific urine components pre- and post-race, or if individual variables
such as VO2max, total finishing time, age, sex, or dietary intake affected the proteinuria
and dehydration variables before and after the race. Despite these limitations, our study
provides a solid foundation for future research. It offers valuable preliminary data that can
inform athlete preparation strategies and medical guidelines for short-distance triathlons.

4.2. Practical Recommendations

From a practical perspective, these findings suggest that athletes should engage in post-
competition monitoring of urine biomarkers to understand the physiological challenges
endurance athletes face, including the risks of dehydration and its potential impact on
kidney function and exercise-induced proteinuria. To mitigate these risks, athletes may
benefit from adopting preventative strategies such as maintaining proper hydrating and
allowing sufficient kidney recovery between intensive training sessions. In addition,
different recommendations could be given to enhance medical guidelines and athlete
preparation strategies for short-distance triathlons based on the study findings:

• Tailoring fluid and electrolyte supplementation during and after short-distance triathlons
to individual athletes’ specific requirements rather than relying on generalized ap-
proaches.

• Vigilantly tracking changes in athletes’ body composition, particularly among those
who experience substantial weight loss following training or competitions, because
this can disrupt fluid and sodium balance.

• Athletes who exhibit proteinuria, urobilinuria, and severe dehydration accompanied
by symptoms of post-competition hyponatremia should undergo comprehensive
clinical evaluation for enhanced biochemical diagnosis and, if necessary, receive ap-
propriate medical attention.

• It is crucial to establish educational initiatives targeting short-distance triathlon ath-
letes, coaches, and sports leaders. These programs should emphasize safe fluid
replacement practices to prevent excessive fluid intake and inadequate hydration
during training and short-distance triathlon competitions.
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5. Conclusions

This study provides new insights into the physiological impacts of short-course
triathlons, revealing significant findings not previously reported in the literature. Specifi-
cally, these events significantly induce post-race proteinuria, urobilinuria, and dehydration.
Our research uniquely documents the first case of post-race urobilinuria and ketoacidosis in
short-course triathlons, highlighting novel physiological responses. These findings under-
score the substantial physiological stress imposed on kidney function and hydration status
by short-distance triathlons despite their abbreviated distances. They highlight the impor-
tance of monitoring urinary biomarkers and hydration levels in athletes before and after
competition. Our results contribute to a better understanding athletes’ unique challenges in
short-course triathlons and may inform future guidelines for athlete preparation and health
monitoring. These insights are critical for developing strategies to mitigate the adverse
effects observed, thereby enhancing athlete safety and performance. Further research,
encompassing mechanistic and longitudinal aspects, is essential for a more comprehensive
understanding of the health implications of this relatively understudied yet increasingly
popular sports format.
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