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Abstract 

Background: Hematuria, proteinuria, and albuminuria may occur transiently after intense or 

prolonged exercise, complicating differentiation between a post-exercise response and kidney 

or urinary tract disease. 

Aim: To summarize the mechanisms, time course, renal biomarkers, and features that help 

distinguish transient post-exercise abnormalities from findings requiring further evaluation. 

Material and methods: A structured narrative review was conducted using PubMed. 

Publications from 2021–2026 were prioritized; 27 publications were included. 

Results: Exertional hematuria may be renal or mechanical in origin, whereas post-exercise 

proteinuria may have glomerular and tubular components. The pattern of changes is influenced 

by exercise duration and hydration status, whereas interpretation also depends on sample 

collection timing. Creatinine requires cautious interpretation after intense exercise because 

muscle metabolism and injury may increase its concentration. Cystatin C may complement 
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renal function assessment. uKIM-1 and uNGAL may provide information on tubular injury, but 

variable post-exercise responses and lack of standardized cutoff values limit interpretation. 

Conclusions: Post-exercise abnormalities should be interpreted in clinical and temporal 

context. Persistent or recurrent abnormalities, features suggestive of a glomerular origin of 

hematuria, impaired renal function, or symptoms of rhabdomyolysis warrant further diagnostic 

evaluation. 

Keywords: hematuria; proteinuria; albuminuria; physical exercise; athletes; renal biomarkers; 

KIM-1; NGAL 

1. Introduction 

1.1. Definitions and Clinical Significance 

Hematuria refers to the presence of red blood cells in the urine and can be macroscopic or 

microscopic [1]. According to the AUA/SUFU guidelines, microhematuria is diagnosed when 

at least 3 red blood cells per high-power field are identified on microscopic examination of a 

properly collected sample [2]. A positive dipstick test alone is insufficient to establish the 

diagnosis of microhematuria and should be followed by microscopic examination of the urine 

[2]. Exertional hematuria refers to the painless presence of red blood cells in the urine following 

recent physical exercise, not directly related to external trauma to the genitourinary tract, and 

usually resolves spontaneously with rest [1]. 

Proteinuria refers to increased urinary protein excretion, whereas albuminuria refers 

specifically to increased urinary albumin excretion [3]. In a spot urine sample, albuminuria is 

assessed using the urinary albumin-to-creatinine ratio (ACR), whereas total protein excretion 

is assessed using the urinary protein-to-creatinine ratio (PCR) [3]. 

Interpretation of these measures requires consideration of biological factors affecting the 

excretion of albumin, protein, and creatinine, including recent physical exercise and differences 

in creatinine excretion related, among other factors, to body mass and sex [3]. A positive 

dipstick result for blood may also occur in the presence of myoglobinuria or hemoglobinuria. 

Therefore, microscopic confirmation of red blood cells in the urine sediment is of key diagnostic 

importance [1,2]. 

 



1.2. Renal Response to Exercise and Rationale for the Review 

Physical exercise induces a range of transient changes in renal function [4]. As exercise 

intensity increases, renal plasma flow decreases, changes in glomerular filtration occur, and 

hormonal mechanisms involved in sodium and water retention are activated [4]. The renal 

response to exercise is influenced by exercise intensity and duration, environmental conditions, 

and hydration status [4]. Dehydration, exposure to high temperatures, and rhabdomyolysis may 

further increase the risk of renal dysfunction associated with intense or prolonged exercise [4,5]. 

Following intense exercise, urinalysis may reveal abnormalities including hematuria, 

proteinuria, and albuminuria [1,4,6]. Post-exercise changes may also be accompanied by 

increases in biomarkers associated with renal stress or injury, including urinary kidney injury 

molecule-1 (uKIM-1) and urinary neutrophil gelatinase-associated lipocalin (uNGAL) [7]. 

Since some of these changes are transient, their interpretation requires consideration of the 

exercise context and the timing of sample collection [1,4]. 

The available literature includes separate studies on exercise-induced hematuria, proteinuria, 

acute kidney injury, and selected renal biomarkers [1,5,6,7]. Therefore, an integrated discussion 

of the mechanisms underlying these changes, their time course, and the parameters that may 

help distinguish a transient post-exercise response from abnormalities requiring further 

diagnostic evaluation is warranted. 

1.3. Aim of the Review 

The aim of this narrative review is to summarize the current state of knowledge regarding 

hematuria, proteinuria, and albuminuria occurring after physical exercise in athletes, with 

particular emphasis on their underlying mechanisms, time course, and the significance  of 

selected renal biomarkers. The review also aims to identify features that may help distinguish 

a transient post-exercise response from abnormalities requiring further diagnostic evaluation. 

2. Materials and Methods 

This study was conducted as a structured narrative review focusing on hematuria, proteinuria, 

and albuminuria occurring after physical exercise, as well as on the interpretation of changes in 

markers of renal function and kidney injury in athletes. The literature search was conducted in 

the PubMed database, with the final update performed on September 7, 2026. The search was 



iterative and used combinations of terms related to the main areas of the review, including 

hematuria, proteinuria, albuminuria, exercise, athletes, renal biomarkers, KIM-1, NGAL, 

cystatin C, creatinine, rhabdomyolysis, marathon, ultramarathon, and urinalysis. 

Publications from 2021–2026 were prioritized. Older studies were included only when they 

directly addressed the mechanisms under review, the time course of post-exercise changes, or 

provided clinically relevant data that were insufficiently represented in more recent literature. 

Eligible publications included original studies involving human participants, systematic and 

narrative reviews, meta-analyses, current clinical guidelines, consensus documents, and 

selected case series directly relevant to the topic. Studies involving athletes and physically 

active individuals were prioritized. Publications concerning the general population were 

included when they were relevant to the interpretation of hematuria, albuminuria, urine 

microscopy, or further diagnostic evaluation. 

Publications not directly related to the renal response to exercise or post-exercise urinary 

abnormalities, animal studies, non-peer-reviewed reports, and sources whose content did not 

allow reliable assessment of the issues under review were excluded. The evidence was 

synthesized qualitatively, with particular attention to the type of exercise, timing of sample 

collection, hydration status, biomarkers assessed, and the clinical significance of the observed 

changes. No meta-analysis or formal risk-of-bias assessment was performed. 

The final synthesis comprised 27 publications: 24 published between 2021 and 2026 and three 

older publications from 2019–2020, retained because of their direct relevance to the topics 

addressed in this review. 

3. Mechanisms and Time Course of Post-Exercise Changes 

3.1. Mechanisms of Exertional Hematuria 

Hematuria occurring after exercise may arise from both renal mechanisms and mechanical 

injury to the urinary tract [1]. Potential renal mechanisms include renal vasoconstriction, 

transient ischemia, and increased permeability of the glomerular filtration barrier to red blood 

cells [1]. 

An extraglomerular mechanism may result from mechanical trauma to the bladder mucosa [8]. 

In the study by Urakami et al., which included 12 patients presenting with macroscopic 



hematuria after running, cystoscopy revealed contusions in the central portion of the posterior 

bladder wall in 9 patients [8]. The authors attributed these lesions to repeated contact between 

the posterior bladder wall and the fixed bladder neck during vertical movements when the 

bladder was nearly empty [8]. Macroscopic hematuria resolved without treatment in all patients 

after cessation of running [8]. 

3.2. Mechanisms of Post-Exercise Proteinuria and Albuminuria 

Post-exercise proteinuria may involve both glomerular and tubular components [4]. During 

intense exercise, the reduction in renal plasma flow is greater than the reduction in glomerular 

filtration rate [4]. This is accompanied by an increase in the filtration fraction and increased 

permeability of the glomerular filtration barrier [4]. These changes facilitate the passage of 

albumin into the glomerular filtrate and may contribute to post-exercise albuminuria [4]. 

At the same time, the accumulation of metabolic byproducts during exercise may disrupt the 

electrochemical gradient in the renal tubules and impair the reabsorption of low-molecular-

weight proteins [4]. Consequently, post-exercise proteinuria may have a mixed glomerular and 

tubular pattern [4]. 

The importance of exercise duration is demonstrated by data from marathon and ultramarathon 

races. In a study including 20 marathon participants and 17 participants in a 100-km race, ACR 

increased from 6.41 to 21.96 mg/g after the marathon and from 5.37 to 49.64 mg/g after the 

ultramarathon [6]. The increase was greater after the 100-km race, although no correlation was 

observed between ACR and running pace [6]. The authors suggested that, during very 

prolonged exercise, the magnitude of post-exercise albuminuria may be more closely related to 

exercise duration than to exercise intensity [6]. 

More recent data also show that both urinary albumin and total protein excretion may increase 

following ultra-endurance exercise [9]. In a study of 20 men who completed a 100-km cross-

country ultramarathon, urinary albumin and total protein concentrations, as well as ACR and 

PCR, increased significantly immediately after the race [9]. No correlation was found between 

running speed and changes in ACR or PCR [9]. In the context of the mechanisms described 

above [4], the simultaneous increase in ACR and PCR observed after exercise [9] may reflect 

the coexistence of increased glomerular permeability and altered tubular handling of filtered 

proteins. 



3.3. Time Course and Modifying Factors 

The observed pattern of post-exercise changes in renal parameters is heterogeneous and 

depends, among other factors, on exercise duration and hydration status, while interpretation is 

also influenced by the timing of sample collection [4,7,10,11]. Studies of marathon and 

ultramarathon runners have demonstrated increases in albuminuria and proteinuria immediately 

after exercise [6,9]. 

Serial measurements of renal biomarkers indicate that individual parameters may exhibit 

different time courses during the post-exercise period [7,11,12]. In a study of high-intensity 

intermittent running, uNGAL did not differ from baseline after 24 hours, whereas uKIM-1 

remained elevated under conditions of hypohydration [7]. In a study of prolonged cycling in 

the heat, hypohydration was associated with a greater response of selected tubular biomarkers 

even after accounting for urine concentration, particularly 30 minutes after exercise [11]. In a 

field study following a 100-mile ultramarathon, completing the race in an euhydrated state was 

associated with a smaller increase in some of the assessed renal biomarkers [13]. 

During repeated training sessions, changes in different biomarkers do not necessarily occur in 

parallel [14]. Evidence regarding the effect of non-steroidal anti-inflammatory drug (NSAID) 

use on the risk of exercise-associated kidney injury remains inconclusive [15,16]. 

4. Laboratory Assessment and Interpretation of Renal Parameters 

4.1. Urinalysis, Urine Microscopy, and ACR/PCR 

Urinalysis together with microscopic examination of the urine sediment forms the basis for the 

evaluation of hematuria [2]. A positive dipstick result for blood should be verified by 

microscopic examination confirming the presence of red blood cells in the urine [2]. 

Assessment of red blood cell morphology may further assist in determining the source of 

hematuria [17,18]. The presence of dysmorphic red blood cells, particularly acanthocytes, and 

red blood cell casts suggests a glomerular origin [17]. The utility of red blood cell morphology 

in differentiating glomerular from non-glomerular hematuria is also supported by more recent 

multicenter data [18]. 

Quantitative methods are preferred for the assessment of albuminuria and proteinuria [3]. 

According to the KDIGO guidelines, albuminuria is assessed using the urinary albumin-to-



creatinine ratio (ACR), whereas the urinary protein-to-creatinine ratio (PCR) may be used to 

assess total urinary protein excretion [3]. When interpreting ACR and PCR in athletes, recent 

physical exercise should be taken into account because it may transiently increase urinary 

albumin and protein excretion and affect the values of both ratios [3]. 

4.2. Creatinine, Cystatin C, and Novel Renal Biomarkers 

Serum creatinine remains a primary marker used to assess renal function, although its 

interpretation immediately after intense exercise is limited [4,5]. An increase in its 

concentration may result not only from reduced glomerular filtration but also from increased 

creatinine production associated with muscle metabolism and muscle injury [4,5]. 

Consequently, creatinine-based criteria for acute kidney injury (AKI) may overestimate the 

incidence of AKI in athletes following endurance exercise [4,5]. 

Cystatin C is an alternative filtration marker that is less dependent on muscle mass and diet than 

creatinine [5]. In a study of marathon runners with exertional heat illness, cystatin C 

concentrations were significantly higher than in runners who completed the same marathon 

without this complication [19]. However, findings from studies of marathon runners assessing 

cystatin C and other renal biomarkers are heterogeneous, making it difficult to define a typical 

post-exercise response [20]. 

Biomarkers of tubular injury include uKIM-1 and uNGAL [5]. Individual biomarkers may 

exhibit different responses to exercise [20,21,22]. In a study of seven ultramarathon runners 

following a 100-km race, serum NGAL (sNGAL) increased, whereas no significant change in 

urinary NGAL (uNGAL) was observed [21]. In contrast, in a study comparing high-intensity 

intermittent exercise with moderate-intensity continuous exercise, creatinine-adjusted uNGAL 

increased 60 minutes after exercise despite the absence of significant changes in renal blood 

flow [22]. Other potential biomarkers, including TIMP-2, IGFBP7, L-FABP, and MCP-1, have 

also been evaluated in marathon runners [20]. A more recent review suggests that novel 

biomarkers may provide additional information on the time course, severity, and localization 

of renal changes associated with intense exercise [23]. 

However, the practical use of novel biomarkers in the assessment of athletes remains limited 

[5,20]. The lack of standardized cutoff values for these biomarkers in the post-exercise setting, 

together with substantial between-study variability in biomarker responses, makes their 

interpretation challenging [5,20]. 



4.3. Limitations in the Interpretation of Results 

Interpretation of renal parameters after exercise requires consideration of the conditions under 

which testing was performed. For urinary biomarkers, hydration status and urine concentration 

are particularly important [7,11,24]. Adjustment of biomarker concentrations for urine 

osmolality or creatinine may affect the interpretation of observed changes [7,11,24]. 

Hypohydration may also augment the response of some biomarkers even after accounting for 

the effect of urine concentration [7,11]. 

Comparison of results across studies is complicated by substantial methodological 

heterogeneity, including differences in participant characteristics, hydration status, 

environmental conditions, and study protocols [20]. 

5. Clinical Significance and Diagnostic Approach 

5.1. Features Suggesting a Transient Post-Exercise Response 

Exertional hematuria is typically painless, occurs after recent physical activity, and usually 

resolves spontaneously with rest [1]. Exercise may also transiently increase urinary albumin 

and protein excretion and affect ACR and PCR values [3]. Therefore, a single result obtained 

immediately after exercise should be interpreted in the context of recent physical activity, which 

may affect its value [3]. 

5.2. Warning Signs and Differential Diagnosis 

Hematuria persisting for more than 72 hours after cessation of exercise, or recurrent hematuria, 

should prompt evaluation for other causes [1]. In cases of albuminuria or proteinuria, an 

abnormal result should be confirmed quantitatively, preferably using a first-morning urine 

sample, while taking recent exercise into account as a factor that may influence the result [3]. 

The presence of proteinuria, dysmorphic red blood cells, particularly acanthocytes, red blood 

cell casts, or impaired renal function should prompt nephrologic evaluation [2,17]. Dysmorphic 

red blood cells and red blood cell casts have high specificity for a glomerular origin of 

hematuria, although their sensitivity is variable [17]. The differential diagnosis should also 

include urologic causes, including urinary tract infection and urolithiasis, and further urologic 

evaluation should be guided by the clinical presentation and risk profile [2]. 



Severe muscle pain or swelling, weakness, and dark urine after exercise should raise suspicion 

of exertional rhabdomyolysis [25,26]. Measurement of creatine kinase (CK) and assessment of 

renal function, including serum creatinine, are key components of its evaluation [25,26]. 

5.3. Practical Diagnostic Approach and Implications for Physical Activity 

In an athlete with an abnormal post-exercise urinalysis result, evaluation should begin by 

confirming the nature of the abnormality [2,3]. A positive dipstick test for blood should be 

followed by urine microscopy to confirm the presence of red blood cells [2]. If hematuria is 

detected after recent exercise, its temporal relationship to physical activity should be 

considered, and urinalysis should be repeated in the following days [1]. In cases of albuminuria 

or proteinuria, quantitative assessment using ACR or PCR should be performed, and an 

abnormal result should be confirmed in a subsequent sample, preferably a first-morning urine 

sample [3]. 

If the abnormality persists in the follow-up test, the scope of further diagnostic evaluation 

should be guided by urine sediment findings, the presence of proteinuria, renal function, and 

clinical symptoms [2,17]. In cases of rhabdomyolysis, return to physical activity should be 

gradual. Return to the usual level of activity should be deferred until pain has resolved and CK 

levels have returned to baseline; in the presence of concomitant kidney injury, normalization of 

kidney function should also be considered [25]. 

6. Discussion 

6.1. Key Findings 

A key finding emerging from the available evidence is that post-exercise abnormalities in 

urinalysis and renal parameters should not be interpreted on the basis of a single measurement 

without considering the exercise context [1,4,7,11]. Exertional hematuria may have either a 

renal or mechanical origin [1,8], whereas post-exercise proteinuria may have a mixed 

glomerular-tubular pattern [4]. The renal response is also influenced by exercise conditions and 

hydration status, and individual biomarkers may exhibit different temporal patterns [4,7,11]. 

The findings of this review also highlight the limitations associated with the interpretation of 

individual markers. Creatinine concentrations may be influenced by muscle metabolism and 

muscle injury [4,5], while the lack of standardized cutoff values currently limits the clinical use 



of novel biomarkers [5,20]. Transient post-exercise increases in creatinine, albuminuria, or 

tubular injury biomarker concentrations should therefore not be interpreted independently of 

the timing of sample collection and the clinical course [3,4,5]. At the same time, the transient 

nature of these changes does not preclude the need for further evaluation when abnormalities 

persist, worsen, or coexist with other features of kidney injury [1,2,3]. In practice, urine 

sediment microscopy, quantitative assessment of albuminuria and proteinuria, and assessment 

of renal function remain fundamental [2,3,17]. 

6.2. Strengths, Limitations, and Directions for Future Research 

A strength of this review is its integrated presentation of post-exercise hematuria, proteinuria, 

and albuminuria, together with their interpretation using conventional and novel renal 

biomarkers. The inclusion of current guidelines and studies addressing different forms of 

exercise also supports a practical approach to the evaluation of abnormal findings in athletes. 

However, the available studies are characterized by substantial heterogeneity, including 

differences in participant characteristics, exercise protocols, hydration status, environmental 

conditions, and timing of sample collection [20,27]. Some studies were conducted in small and 

specific participant groups, limiting the generalizability of their findings [7,9,11]. Another 

limitation is the lack of standardized cutoff values for novel post-exercise biomarkers [4]. 

Due to the narrative nature of this review, the findings of individual studies were synthesized 

qualitatively, without quantitative pooling. In addition, the literature search was conducted 

exclusively in PubMed, which may have resulted in the omission of some publications indexed 

in other bibliographic databases. Furthermore, no formal assessment of the methodological 

quality or risk of bias of the included studies was performed, which limits the ability to assess 

the strength of the available evidence. 

Future studies should use more standardized protocols, particularly with regard to the timing of 

sample collection, methods used to assess hydration status, and the characteristics of the study 

populations [20,27]. Further studies are also needed to assess the long-term significance of 

recurrent episodes of post-exercise renal stress [27]. 

 

 



7. Conclusions 

Hematuria, proteinuria, and albuminuria may occur transiently after intense physical exercise. 

However, their interpretation requires consideration of the timing of onset, exercise conditions, 

hydration status, and concomitant clinical symptoms. A single abnormal result obtained 

immediately after exercise should therefore not be interpreted in isolation from this context. 

In the case of hematuria, it is crucial to confirm the presence of red blood cells via microscopic 

examination and, if necessary, to assess their morphology. Albuminuria and proteinuria should 

be quantified using ACR and PCR, respectively. Creatinine should be interpreted with caution 

after intense exercise, whereas novel biomarkers such as uKIM-1 and uNGAL currently remain 

primarily research tools. 

Persistent or recurrent abnormalities, features suggestive of a glomerular origin of hematuria, 

impaired renal function, or symptoms suggestive of rhabdomyolysis should prompt further 

diagnostic evaluation. More standardized studies with long-term follow-up are needed to better 

define the clinical significance of recurrent post-exercise renal changes. 
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