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Exertional rhabdomyolysis (ER) is a frequently observed consequence
following sustained strenuous exercise. The incidence of exercise-induced
rhabdomyolysis has risen in the healthy population in recent decades, posing
potential systemic, life-threatening complications like acute kidney injury
(AKI). Early diagnosis requires prompt identi�cation and management to
prevent morbidity. This case report details the presentation of a 24-year-old
male military member from the amphibious command specialization course,
who attended the hospital emergency room with symptoms of nausea and
dark brown urine 24 hours after strenuous military physical training.
Laboratory results revealed a signi�cant elevation in serum creatine kinase
(CK) and creatinine (Cre) levels, reaching 9300 IU/L and 5.7 mg/dL,
respectively. Concurrently, liver enzymes and urea levels were elevated,
leading to the diagnosis of both ER and AKI. The individual exhibited a
polygenic risk pro�le for ER, increasing susceptibility to in�ammation and
muscle damage. Further investigation through urine proteomic analysis
unveiled the presence of various proteins associated with muscle damage,
including creatine kinase M (CKM), myoglobin (MB), carbonic anhydrase
(CA1), titin (TTN), as well as proteins linked to AKI, such as alpha-2-
macroglobulin (A2MG), beta-2-microglobulin (B2MG), insulin-like growth
factor-binding protein 7 (IBP7), metalloproteinase inhibitor 1 (TIMP1), and
uromodulin (UROM), among others. Following a 12-day intensive care unit
(ICU) treatment, a notable reduction in CK and MB levels was observed,
accompanied by the restoration of renal function to normal levels.
Subsequent laboratory tests during outpatient follow-up, two weeks after
discharge, con�rmed the normalization of relevant markers. The utilization
of urinary proteomics emerged as a non-invasive method for monitoring
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pathophysiological changes, o�ering valuable insights into the mechanisms
underlying ER and associated AKI.
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1. Introduction
Exertional rhabdomyolysis (ER) is characterized by
the degradation of muscle cells, resulting in the
subsequent release of their contents into the

bloodstream following intense physical activity[1].
Di�erent studies have reported various factors
associated with rhabdomyolysis. These include
cocaine use, exercise, immobilization, drugs such as
statins, alcohol abuse, and intense eccentric

exercise[1][2][3][4]. Furthermore, the most common
metabolic myopathy causing recurrent ER is

associated with defect in fatty acid β-oxidation[1].
Amongst them, the incidence of exercise-induced
rhabdomyolysis has demonstrably risen in recent
decades within the healthy population, necessitating

an increased understanding of its implications[5]. ER
can lead to potentially life-threatening systemic
complications, with acute kidney injury (AKI) being a

particularly concerning sequel[1]. The importance of
early diagnosis cannot be overstated, as prompt
identi�cation and management are imperative to
prevent morbidity associated with these
complications.

The most common manifestations of rhabdomyolysis
include muscle pain and myoglobinuria. In the context
of ER, this is expressed as the production of dark urine
alongside an increase in circulating creatine kinase

(CK) levels[1]. The severity of the injury can range
from elevated serum concentrations of muscle
proteins in asymptomatic patients to extremely high
in severe cases. Severe cases particularly predisposed
to complications such as acute kidney injury (AKI),
electrolyte imbalances, and, in extreme cases, may

culminate in fatality[2].

Myoglobinuria is a consequential aspect of
rhabdomyolysis, re�ecting the release of myoglobin

from damaged muscle cells into the bloodstream[1].
This myoglobin is subsequently �ltered and excreted

by the kidneys into the urine. The liver quickly
metabolizes myoglobin, and it undergoes �ltration by
the glomeruli. As water is gradually reabsorbed, the
myoglobin concentration increases until it binds to
the Tamm-Horsfall protein, obstructing cylinders and

inducing AKI[2]. Myoglobin release is typically related
to an increase in CK levels. Since myonecrosis
progresses gradually, and the half-life of serum CK is
high (approximately 36 hours, compared to
myoglobin's shorter half-life of 2-3 hours), the
concentration of serum CK remains elevated for a
more prolonged duration and with greater

consistency than myoglobin[1][2]. Therefore, serum
CK appears to be more reliable indicator than
myoglobin for assessing both the presence and the
intensity of muscle damage over an extended

period[2].

The classic triad of presentation, consisting of muscle
pain, weakness, and dark urine, is seen in less than

10% of patients with rhabdomyolysis[1]. AKI
associated with myoglobinuria represents the most
severe complication of both traumatic and non-
traumatic rhabdomyolysis, with the potential for

fatality[4]. Rhabdomyolysis-associated AKI accounts

for about 7-10% of all AKI cases in patients[6].

The outcome of rhabdomyolysis is generally benign
unless renal failure occurs. However, mortality data
vary widely according to the study population,
environmental conditions, and the number and

severity of coexisting diseases[7][7][7][7]. Speci�cally,
among intensive care unit (ICU) patients, the reported
mortality rate is 59% when AKI is present. In contrast,

this rate decreases to 22% in the absence of AKI[8][9]

[7].

This study lays the foundation for a case report
detailing the presentation of a 24-year-old male
military individual from the amphibious command
specialization course, who exhibited symptoms of ER
and AKI following strenuous military physical
training. Laboratory �ndings, including elevated
serum creatine kinase (CK) and creatinine (Cre) levels,
underscore the severity of the condition. Importantly,
the individual manifested a polygenic risk pro�le for
ER, shedding light on the genetic susceptibility to
in�ammation and muscle damage.
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Urine proteomic analysis emerged as a valuable tool
for unraveling the molecular underpinnings of ER and

associated AKI[10]. The identi�cation of speci�c
proteins, such as creatine kinase M (CKM), myoglobin
(MB), carbonic anhydrase (CA1), titin (TTN), alpha-2-
macroglobulin (A2MG), beta-2-microglobulin
(B2MG), insulin-like growth factor-binding protein 7
(IBP7), metalloproteinase inhibitor 1 (TIMP1), and
uromodulin (UROM), among others, provides insights
into the intricate network of molecular events
associated with muscle damage and renal dysfunction.

The subsequent sections of this case report explore
the clinical course, management, and outcomes of the
presented case, with a particular emphasis on the role
of urinary proteomics as a non-invasive methodology
for monitoring pathophysiological changes. By
elucidating the molecular mechanisms underlying
ER-related AKI, this case report contributes to the
advancement of knowledge essential for the e�ective
diagnosis, management, and prevention of exertional
rhabdomyolysis and its complications. The insights
gained from this study have the potential to inform
future research and clinical practice, paving the way
for the development of targeted interventions and
improved patient care. Moreover, we aim to raise
awareness of the possibility, especially in healthy and
�t individuals, of developing ER-related AKI, which
may necessitate ICU admission and dialysis.

2. Case description
The military individual was in the initial phase of the
Special Amphibious Commandos Course (SACC) as
part of a group of 39 participants. The course included
intensive exercises with a 35kg backpack and
equipment, followed by a �nal test consisting of a
2400m run. SACC aims to physically prepare them for
subsequent missions. Blood samples were collected at
baseline (D0) for biochemical monitoring by our
research group, in which we observed laboratory
values within normal limits (CK 78 U/L; Urea 37
mg/dL and creatinine 1,1 mg/dL).

The patient, a 24-year-old male military individual,
presented to the hospital with symptoms of nausea,
vomiting, myalgia, loss of appetite and anuria for 12
hours, following strenuous military physical training
20 hours prior. Laboratory �ndings on the �rst day of
hospitalization (day 4, after enrollment in the
operative military course) included elevated serum CK
(9300 U/L), urea (147 mg/dL) and creatinine (5.7
mg/dL). Signi�cant myoglobinuria (> 900 ng/mL) was
observed on day 6 (D6). The patient underwent

hemodialysis on multiple days D6, D7, D8, D10, D11
and D14, leading to normalization of laboratory
parameters, and he was discharged after 16 days
without any symptoms, supplementary Figure 1
shows the evolution of biochemical exams and urinary
output over the course of these days.

Post-discharge follow-up on day 17 showed normal
levels of CK (100 U/L), urea (20 mg/dL) and creatinine
(0.7 mg/dL). Subsequently, genetic testing revealed a
polygenic pro�le associated with susceptibility to
in�ammation and muscle damage shown as follows:
ACTN3 XX, ACE II, AGT MM, and BDKRB2-9-9.

The case emphasizes the potential severity of ER-
related AKI, especially in healthy and �t individuals,
and highlights the role of urinary proteomics in
understanding molecular mechanisms and
monitoring pathophysiological changes.
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Figure 1. Work�ow adopted for blood and urine
sample analysis and proteomics results. Analytical
work�ow for blood and urine sample analysis. (A)
Urine samples were collected at four time points:
before training, during registration in the SACC
course (Day 0, D0); on Day 7, the soldier was
hospitalized, after �rst mission and two urine
collections were made (D7, at 6:00 AM and 2:00 PM);
and �nally, at hospital discharge (D16). After these
collections, the samples were analyzed using an LTQ
Orbitrap Velos system, and the data obtained were
mapped using MaxQuant software, utilizing the
reviewed Homo sapiens database. (B) Flowchart of
the collection time points: Baseline, 6:00 AM, 2:00
PM, and hospital discharge (HD). (C) Heatmap of
identi�ed proteins, showing the organization of
clusters. (D) Summary of the total number of
proteins: 336 proteins in total, distributed among
clusters, with 141 in cluster 1, 28 in cluster 2, and 166
in cluster 3. (E) Principal component analysis.

3. Diagnostic assessment/Results
A 24-year-old man (Military 3201) presented
symptoms after strenuous military physical training,
prompting a diagnostic assessment. The adopted
work�ow (Figure 1A) guided the collection of blood
and urine samples at various time points, allowing for
a comprehensive analysis. On the day of enrollment in
the operative military course (D0), basal blood and
urine samples were collected from 39 participants as
part of a research Project. The study was evaluated
and approved by the Research Ethics Committee (CEP)
of Hospital Naval Marcilio Dias, with opinion number
2.219.303.

On the 4th day (D4), Military 3201 was admitted to the
hospital with nausea, vomiting, myalgia, loss of
appetite and anuria, after 12 hours of strenuous
military physical training. Blood samples were
collected during hospitalization and submitted to
biochemical analysis to determine the levels of classic
biomarkers of muscle damage and kidney damage.

Seven sessions of hemodialysis were conducted over
approximately four hours each, using heparin as
anticoagulation and the F8 and ELI20 �lter from
Fresenius Medical Care (Bad Homburg, Germany).
These sessions were administered on the following
days: Day 6 (D6) with CK: 9426U/L, Cre:4,3 mg/Dl,
and urine output (UO) in 12 hours: 900mL; Day 7 (D7)
with CK: 8336 U/L, Cre: 6,1 mg/dL, and UO in 12 hours:
200mL; Day 8 (D8) with CK: 2419.8 U/L, Cre: 6.6
mg/dL, and UO in 12 hours: 800ml, in the ICU. In
Day10 (D10) the patient (Military 3201) was
discharged from ICU to medical ward, where made
three more session of hemodialysis, on days: 10th
(D10) and the exams shows CK: 933 U/L, Cre: 4,5
mg/dL and UO in 24 hours: 1800ml; 11th (D11) with
CK:309.3 U/L, Cre: 3.3mg/dL and UO in 12 hours:
900mL, and 14th (D14), last hemodialysis, the Cre was
1.9 mg/dL and UO in 24 hours: 6500mL. On the last
day of hospitalization (D16), the urinary output was
8200 mL (Supplementary �gure 2).

In addition to the basal collection on D0, urine
samples were also collected on the Day 7 (D7) at 6:00
am and 2:00 pm, as well as on the Day16 (D16) for
proteome analysis.

The patient presented elevated levels of CK and
aspartate transaminase (AST) (U/L), two classic
biomarkers of muscle damage since the admission to
the hospital with emergency interventions. These
levels remained above the reference values for several
days, reaching a peak of 9300 U/L and 348 U/L,
respectively. Serum creatinine and urea levels
remained high throughout the hospitalization period,
with peaks of 7.7 and 180 mg/dL, respectively,
indicating kidney injury (Supplementary �gure 1).
There was a gradual return of these biomarkers to
basal levels.

Urine samples collected on D0, D7 and D16 were
processed and applied to quantitative mass
spectrometry-based proteomic analysis. Hierarchical
clustering analysis revealed the segregation of the
four collection points into two groups: Hospital
discharge (D16)/Basal (D0) vs. 6:00 am/2:00 pm (D7)
(Figure 1B).
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The segregation on day D7 (6:00 am and 2:00 pm)
re�ects changes in the urinary proteome following
strenuous physical exercise. The greater similarity
between D0 and D16 suggests a return of protein
abundance to basal levels after the military personnel
recovered from AKI and muscle injury. The identi�ed
proteins were divided into three clusters according to
changes in their abundance: proteins whose
abundance increased or decreased after strenuous
physical activity (clusters 1 and 3, respectively) and
proteins that peaked in abundance on day D7 at 2:00
pm (cluster 2).

Figure 1C displays the total protein pro�les in each
cluster. Principal component analysis revealed that
the most signi�cant variation exists between the
Hospital discharge/Basal vs. 6:00 am/2:00 pm groups,
thus con�rming the aforementioned results (Figure
1E).

A gene ontology analysis of the proteins pertaining to
each cluster was conducted to identify the biological
processes impacted after strenuous physical exercise.
Across all clusters, enriched biological processes
related to the immune system, extracellular matrix,
and peptidases were observed (Figure 2A-C). The top
10 proteins with the highest fold change among
collection times are highlighted in Figure 2D-H.
Notably, among the most identi�ed proteins, CD99,
DEFA3, CD7, LCAT, and HABP2 exhibited the highest
increase in urine after strenuous exercise on day D7
(6:00 am and 2:00 pm) compared to the Basal (D0)
and Hospital discharge (D16) (Figure 2E-H).

Figure 2. Exploring gene ontology and protein
dynamics: analysis of clusters 1, 2, and 3 across time
points. The �gure presents the gene ontology
analysis of the clusters, highlighting the results for
(A) cluster 1, (B) cluster 3, and (C) cluster 2. The
changes in proteins between the analyzed time
points are shown in the comparisons: (D) hospital
discharge versus baseline, (E) hospital discharge
versus 6:00 AM, (F) baseline versus 6:00 AM, (G)
hospital discharge versus 2:00 PM, and (H) baseline
versus 2:00 PM. The analyses were performed using
an LTQ Orbitrap Velos system, with the data
processed by MaxQuant software, based on the
reviewed Homo sapiens database.

CD99 is involved in T-cell adhesion processes, DEFA3
is an antimicrobial peptide, and CD7 is a T-cell
antigen CD7. LCAT is a central enzyme in the
extracellular metabolism of plasma lipoproteins, and
HABP2 is an extracellular protease that may play a
role in the coagulation and �brinolysis systems.
Regarding the proteins with the greatest decrease in
urine after strenuous physical exercise, six proteins
(QPCT, LUM, MMRN2, CDH11, CTSA, TPI1) exhibited
decreased abundance on day D7 (6:00 am and 2:00
pm) compared to the Basal (D0) and Hospital
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discharge (D16) (Figure 2E-H). LUM and MMRN2 are
extracellular matrix structural constituents, CDH11
mediates cell-cell adhesion, CTSA is a lysosomal
enzyme, TPI1 is an enzyme in the glycolysis and
gluconeogenesis pathways, and QPCT is a secreted
enzyme responsible for the biosynthesis of
pyroglutamyl peptides.

As mentioned earlier, the blood biochemical analysis
identi�ed the presence of muscle and kidney injury
biomarkers after strenuous physical exercise
(Supplementary table 1). In our Urinary Proteome
dataset, we sought protein markers of muscle and
kidney damage. Notably, we observed an increase in
urinary abundance of kidney damage markers, such as
A1AG1, A1AT, A2MG, ANGT, CERU, A2GL, and NGAL
(Figure 3A-B), as well as an increase in muscle
damage markers, including CKM, TTN, MB, CA1, and
TTR (Figure 3C). In a previous study, we identi�ed a
panel of proteins whose abundance in urine after
strenuous physical exercise correlated well with the

levels of plasma biomarkers of muscle damage[10].
Additionally, some of the identi�ed proteins were
positively correlated with three biomarkers of muscle
damage, suggesting their potential as new urinary
markers of muscle damage. Herein, we observed an
increase in the abundance of FABP3 and HBA1, along
with a reduction of PIK3IP1, DEFB1, COL1A1, SLURP1,
UTER, HMCN1, and DSC2 in the urine (Figure 3D-E).
These results align with our previous �ndings,
indicating the potential use of these proteins as

urinary biomarkers of muscle damage[10].

Figure 3. Urinary proteomic biomarkers of muscle
and kidney damage across collection time points.
(A) Proteins related to muscle damage include
creatine kinase, muscle type (CKM), titin (TTN),
myoglobin (MB), carbonic anhydrase 1 (CA1), and
transthyretin (TTR). (B) Proteins associated with
kidney damage are insulin-like growth factor-
binding protein 7 (IBP7), kallikrein-1 (KLK1), alpha-
2-glycoprotein (A2GL), matrix metallopeptidase 9
(MMP9), tissue inhibitor of metalloproteinases 1
(TIMP1), neutrophil gelatinase-associated lipocalin
(NGAL), osteopontin (OSTP), tenascin (TENA),
uromodulin (UROM), alpha-1-acid glycoprotein 1
(A1AG1), alpha-1-antitrypsin (A1AT), alpha-2-
macroglobulin (A2MG), angiotensinogen (ANGT),
beta-2-microglobulin (B2MG), cadherin-1 (CADH1),
ceruloplasmin (CERU), clusterin (CLUS), and
cytochrome C (CYTC). (C) Proteins indicative of cell
damage include cathepsin Z (CTSZ), glutaredoxin
(GLRX), cellular communication network factor 3
(CCN3), secreted Ly-6/uPAR-related protein 1
(SLURP1), uteroglobin (UTER), hemicentin 1
(HMCN1), desmocollin-2 (DSC2), peptidoglycan
recognition protein 2 (PGRP2), and hemoglobin
subunit alpha 1 (HBA1). (D) Proteins associated with
rhabdomyolysis include fatty acid-binding protein 3
(FABP3), brevican (BCAN), phosphoinositide-3-
kinase-interacting protein 1 (PIK3IP1), beta-
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defensin 1 (DEFB1), and collagen type I alpha 1 chain
(COL1A1).

Finally, we performed a correlation analysis between
plasma CK levels and the abundance of identi�ed
proteins in the Urinary Proteome (Figure 4). Several
proteins showed a positive or negative correlation
with CK levels, suggesting their potential as novel
urinary biomarkers of muscle damage.

Figure 4. Proteins statistically correlated with CK
level. Proteins that show negative correlations with
CK include: ATPase Na+/K+ transporting subunit
alpha 2 (ATP2A2), cadherin 11 (CDH11), cathepsin A
(CTSA), cathepsin B (CTSB), CD44 molecule
(adhesion receptor for hyaluronate) (CD44), CD59
molecule (complement regulatory protein) (CD59),
clusterin (CLU), collagen type VI alpha 1 chain
(COL6A1), complement component 6 (C6),
carboxypeptidase N subunit 2 (CPN2), galactosidase
beta 1 (GLB1), lumican (LUM), nidogen 1 (NID1),
ribonuclease A family member 2 (RNASE2), and
vitamin K-dependent protein S (PROS1), zinc-
binding (AZGP1).
Proteins that show positive correlations with CK
include: CD7 molecule (CD7), CD99 antigen (CD99),
chromogranin A (CHGA), complement C1s
subcomponent (C1S), complement C4-A (C4A),
complement factor H (CFH), complement
component 8 alpha chain (C8A), complement
component 8 beta chain (C8B), colony-stimulating
factor 1 (CSF1), collagen type VI alpha 3 chain
(COL6A3), DNA (cytosine-5)-methyltransferase 3
alpha (DNMT3A), lecithin-cholesterol
acyltransferase (LCAT), lymphocyte antigen 6
complex locus protein 1 (LYNX1), myosin light chain
1 (MYL1), N-acetylneuraminate synthase (GAA),
pepsinogen 3, Group I (Pepsinogen A) (PGA3),
ribonuclease A family member 1 (RNASE1), secreted
phosphoprotein 1 (SPP1), serum amyloid A-1 protein
(SAA1), serum amyloid A-2 protein (SAA2), serpin
family A member 6 (SERPINA6), superoxide
dismutase 3 (SOD3), syndecan-1 (SDC1), uromodulin
(UMOD), and ubiquitin C (UBC). The red and blue
colors indicate a positive and negative correlation,
respectively.
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4. Discussion
Exertional rhabdomyolysis is a condition occasionally
seen after strenuous exercise. Progression to
compartment syndrome or AKI are rare complications
that require prompt recognition and treatment to

prevent morbidity[1]. The progression of renal failure
is well-associated with ER-induced myoglobinuria in

13%-50% of patients[11][12]. In this case report, the
patient presented classic signs of ER, such as muscle
pain, myoglobinuria, and myonecrosis, the latter
con�rmed by CK (U/L) values above �ve times the

upper limit of normality[4]. The patient, initially
healthy and in good physical condition, was
hospitalized for the �rst time due to ER. He performed
strenuous exercises on Day 3 of exercise and
immediately sought medical treatment 20 hours after
strenuous activity, with the onset of primary
symptoms of ER, including nausea and vomiting.

Despite the lack of consensus in the literature, there is
no de�ned threshold value of serum CK above which
the risk of AKI is markedly increased. Nevertheless, it
has been described that the risk of AKI in
rhabdomyolysis is generally low when admission CK

levels are <20,000 U/L[4]. Although recent studies
have shown AKI can be associated with CK values from

5,000 U/L[13]. In our patient’s case, the CK level on
admission to the hospital was 9,300 U/L.

The incidence of AKI in rhabdomyolysis is challenging
to establish due to its various de�nitions and clinical
scenarios. The reported incidence of AKI related to
rhabdomyolysis ranges from 13% to approximately

50%[14]. AKI associated with rhabdomyolysis typically
leads to a faster rise in plasma creatinine than other

forms of AKI[15], as observed in our patient. Likewise,
a low ratio of urea nitrogen to creatinine in the blood
is often noted in patients with rhabdomyolysis.
Rhabdomyolysis-induced AKI frequently causes

oliguria and occasionally causes anuria[16].

The patient exhibited known genetic risk factors for
ER, as indicated by his polygenic pro�le (ACTN3 XX,
ACE II, AGT MM, BDKRB2-9-9). These genetic factors
may increase susceptibility to in�ammation and
muscle damage after resistance exercise, and they can
be utilized to predict the development of clinical
conditions associated with muscle damage and

myocardial injury[17][18][1]. Polymorphic variants in
ACTN3, ACE, AGT and BDKRB2 genes have been one of
the determinants of the clinical manifestations

associated with the increased susceptibility to
developing ER.

ACTN3 XX genotype is characterized by changes in the
structural and metabolic function of muscles,
including a decreased percentage of fast-twitch

�bers, resulting in lower muscle strength[19]  and an
increased susceptibility to muscle damage during

eccentric exercises[20][21]. It is noteworthy that
individuals with the XX homozygote genotype have a
higher propensity to develop exertional

rhabdomyolysis compared to RR or RX genotypes[22].

ACE insertion (I)/deletion (D) polymorphism might
in�uence ER through various pathways associated
with exercise-induced muscle hypertrophy, muscle

injury, and in�ammatory processes[23]. Previously
published data demonstrated the association between
the I-allele of ACE and elevated CK levels after
eccentric exercises, increasing the risk of developing

ER[24]. Additionally, AGT MM and BDKRB2 -9-9
polymorphisms might increase the susceptibility to
in�ammation and muscle damage after endurance

exercises[18], potentially contributing to the
development of ER. Therefore, we suspect that this
genetic pro�le may have been one of the determinants
of the ER clinical condition presented by the patient.

The analysis of the urinary proteome at D7 revealed
the expression of di�erent proteins related to muscle
injury, including creatine kinase M (CKM), myoglobin
(MB), carbonic anhydrase (CA1), titin (TTN),
transthyretin, as well as proteins linked to kidney
injury such as Alpha-1-acid glycoprotein 1 (A1AG1),
Alpha-1-antitrypsin (A1AT), Alpha-2-macroglobulin
(A2MG), Angiotensinogen (ANGT), Beta-2-
microglobulin, B2MG, Cadherin-1 (CADH),
Ceruloplasmin (CERU), Clustering (CLUS), Cystatin-C
(CYTC), Insulin-like growth factor-binding protein 7
(IGFBP7), Kallikrein-1(KLK1), Leucine-rich alpha-2-
glycoprotein (A2GL), Matrix metalloproteinase-9
(MMP9), Metalloproteinase inhibitor 1 (TIMP1),
Neutrophil gelatinase-associated lipocalin (NGAL),
Osteopontin (OSTP), Tenascin (TENA), and
Uromodulin (UROM). A prior study by Carneiro et al.
[10]  established urinary pro�les through proteomic
analysis in patients with ER. This study presents a
severe clinical case of rhabdomyolysis that progressed
to acute kidney injury, diagnosed using proteomics as
a precision medicine tool, in clinical practice.

The current study emphasizes the importance of the
genetic and proteomic pro�le of individuals engaged
in regular strenuous physical exercises, particularly as
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part of their professional activities. This knowledge
can facilitate the implication of preventive measures,
keep the individual and their team vigilant to the
possibility of ER, and enable an earlier diagnosis of ER
and its complications, such as AKI.

Likewise, it would be advantageous if early urinary
markers for ER, easily monitored during exercise,
could be identi�ed, and used in clinical practice to
support decision-making, aiming to intervene before
the clinical condition worsens.

5. Patient perspective
Upon hospital discharge, the military personnel
(3201) was advised to engage only in low-impact
activities and was exempted from all activities
requiring intense e�ort. Furthermore, he continued to
receive medical follow-up for three months,
undergoing blood tests and imaging to monitor renal
function. After this period, the military personnel
resumed physical activities normally, without any
renal sequelae.

Supplementary Material
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Laboratory test

Days of hospitalization

D0 D4* D5* D6 D7* D8* D9
D10

(6:00
am)

D10
(2:00
pm)

D12 D13 D14* D16

Creatine kinase
(U/L)

78.0 9300.0 8200.0 9246.0 8336.0 2419.8   933.0   309.3     109.8

Myoglobin
(ng/mL)

     
>

900.0
>

900.0
        335.0      

Urea (mg/dL) 37.0 147.0 180.0 69.8 99.0 101.3 117.0 147.0 81.0 76.5   56.3 58.8

Creatinine
(mg/dL)

1.1 5.7 6.5 4.3 6.1 6.6 7.3 7.7 4.5 3.3   1.9 1.8

Sodium
(mmol/L)

140.0     140.0 140.0 138.5 134.0 141.0 140.0 140.4 141.3   143.3

Potassium
(mmol/L)

4.6     4.4 4.4 4.3 4.8 4.4 4.0 6.2 4.2 3.5 4.2

AST (U/L) 33.0     348.0 298.0 176.0 125.0 93.0          

CRP (mg/dL)       6.9 7.5 7.5 4.0 2.5   2.5     1.6

PT (seg)       15.0 13.8 14.2 14.5 14.4          

PTT (Seg)       180.0 33.0 33.7 33.0 33.0          

ALT (U/L) 28.0     146.0 136.0 105.0 99.0 99.0          

Total bilirubin
(mg/dL)

      0.8 0.8 0.7 0.7            

Direct bilirubin
(mg/dL)

      0.2 0.2 0.1 0.1            

Indirect
bilirubin
(mg/dL)

      0.6 0.6 0.6 0.6            

Calcium (mg/dL) 9.3     9.3 8.5 8.2 8.6       8.3    

Magnesium
(mg/dL)

2.1     2.2 2.0 2.2 2.3 2.0     1.4    

Phosphorus
(mg/dL)

4.1     3.0 4.3 3.9 4.6 4.8     5.2    

Supplementary Table 1. Blood and urine tests results during patient hospitalization in the intensive care unit (ICU).

*Hemodialysis on days D4, D5, D7, D8, D10, D11 and
D14. Aspartate aminotransferase (AST); C-reactive
protein (CRP), Prothrombin Time (PT), Activated
Partial Thromboplastin Time (PTT), Alanine
Aminotransferase (ALT). Unidade de medidas: unit

per liter (U/L), nanogram per milliliter (ng/mL),
milligram per decilitre (mg/dL), millimol per 1
(mmol/L), seconds (seg). The analyses were
performed through automation using the Vitros 5600
equipment (Ortho Clinical Diagnostics), employing
chemiluminescence and immunoassay methods.
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Supplementary Figure 1. Biochemical biomarkers of muscle, kidney damage, and urinary
output on the days of hospitalization. Evolution of the parameters monitored throughout
the days of hospitalization, with (A) the variation in creatine kinase (CK) concentration;
(B) the levels of aspartate aminotransferase (AST); (C) the concentration of creatinine; (D)
the levels of urea; and (E) the volume of urinary output. The analyses were performed
through automation using the Vitros 5600 equipment (Ortho Clinical Diagnostics),
employing chemiluminescence and immunoassay methods.
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Supplementary Figure 2. Timeline of case report.
(D0) Enrollment in the SACC, with the initial
obtaining of blood and urine samples. (D3) Hospital
admission of the military personnel, presenting
symptoms of pain, nausea, and anuria. (D6-D14)
Hemodialysis sessions and monitoring of
biochemical markers, including Creatine Kinase
(CK), Creatinine (Crea), and urinary output. (D15)
Normalization of urinary output. (D16) Hospital
discharge and new urine collection for proteomic
analyses.
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