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Creatine supplementation 
and the young kidney
Guido Filler

Creatine supplementation is unlikely to harm 
healthy kidneys, but a normal estimated 
glomerular filtration rate does not guarantee 
low risk. Adolescents and young adults with 
reduced nephron endowment, previous kidney 
disease or additional nephrotoxic exposures 
require targeted assessment and pragmatic 
harm reduction, including avoidance of loading 
and excessive protein intake.

Creatine and protein supplements are widely used by adolescents and 
young adults seeking to increase muscle mass and enhance exercise 
performance. In one Australian study of adolescent boys, almost half 
reported using protein powder and 8.4% reported creatine use, with 
supplement use being associated with weight training and participa-
tion in multiple sports1. This widespread use has been accompanied 
by persistent controversy about kidney safety. In 1998, Pritchard and 
Kalra reported worsening kidney function associated with creatine 
supplementation in a young man with relapsing nephrotic syndrome2, 
initiating a debate that has continued for almost three decades. More 
recently, the predominantly reassuring findings from controlled stud-
ies prompted investigators to ask whether it was time for a re-evaluation 
of creatine supplementation-induced kidney failure3. Controlled stud-
ies suggest that creatine is unlikely to harm healthy kidneys when used 
at recommended doses3. However, safety cannot be assumed for every 
young user, particularly in the presence of unrecognized kidney disease, 
additional nephrotoxic exposures or creatine loading2,4.

“Controlled studies suggest 
that creatine is unlikely to 
harm healthy kidneys when 
used at recommended 
doses”

From creatine to creatinine
Creatine is obtained from food and synthesized endogenously from 
arginine, glycine and methionine. After uptake into skeletal muscle, it 
is phosphorylated to phosphocreatine, which provides a rapidly mobi-
lizable reserve for regeneration of ATP during high-intensity exercise. 
Creatine and phosphocreatine undergo continuous, non-enzymatic 
conversion to creatinine, which enters the circulation and is elimi-
nated predominantly by glomerular filtration. Creatine supplementa-
tion expands the creatine pool in the body and can therefore increase 

creatinine generation; an accompanying increase in muscle mass can 
augment this effect. Consequently, serum creatinine might rise and 
creatinine-based estimated glomerular filtration rate (eGFR) might 
fall in the absence of kidney injury3. This predictable metabolic effect 
creates a diagnostic trap: the biomarker that is used most commonly to 
assess kidney function is directly influenced by the supplement under 
evaluation. Cystatin C does not arise from creatine metabolism and is 
substantially less influenced by muscle mass than creatinine, making 
it a useful complementary filtration marker5. However, concordant 
increases in creatinine and cystatin C, new proteinuria or haematuria, 
or persistent abnormalities after supplementation is discontinued 
should not be dismissed as an artefact4.

Protein supplements and hyperfiltration
Protein supplementation is considerably more prevalent than the 
use of creatine supplements among young users1. High protein intake 
increases renal blood flow and glomerular filtration, partly through 
afferent arteriolar vasodilation and increased intraglomerular 
pressure6. In healthy kidneys, this response represents recruitment 
of the renal functional reserve and should not itself be interpreted as 
kidney injury. Indeed, a meta-analysis of 28 trials involving 1,358 healthy 
adults found slightly higher post-intervention glomerular filtration 
rate with high protein intake but no adverse change in kidney func-
tion compared with lower or normal protein intake7. However, most 
studies were short, involved selected healthy adults and were not 
designed to detect uncommon injury or long-term effects beginning 
in adolescence. In individuals with reduced nephron endowment 
or unrecognized kidney disease, sustained hyperfiltration could 
increase single-nephron workload and aggravate proteinuria. High 
protein intake might therefore provide additional haemodynamic 
stress when combined with creatine loading, strenuous exercise, 
dehydration or the use of non-steroidal anti-inflammatory drugs 
(NSAIDs). Such cumulative toxicity is biologically plausible but  
has not been established in controlled studies.

Individuals at risk
The population potentially at risk extends beyond individuals with diag-
nosed kidney disease. Adolescents and young adults might have unrec-
ognized congenital kidney or urinary tract abnormalities, reduced 
nephron endowment following preterm birth, previous acute kidney 
injury, a solitary kidney, hypertension, diabetes, kidney stones, or 
asymptomatic proteinuria or haematuria. Risk can also be transient. 
Strenuous exercise, heat exposure, inadequate fluid intake, vomiting 
or intercurrent illness can reduce kidney perfusion and urine flow, 
particularly when NSAIDs are used concurrently. Creatine itself has 
not been shown consistently to cause dehydration3; rather, it is often 
consumed in settings in which dehydration can occur.

Exposure also matters. Loading regimens typically provide 
approximately 20 g/day for 5–7 days, whereas long-term maintenance 
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Conclusions
The public debate asks the wrong question. The issue is not simply 
whether creatine damages healthy kidneys, but how clinicians can 
identify young people in whom reduced renal reserve or interacting 
exposures might alter risk. Normal eGFR does not exclude susceptibil-
ity. Clinicians should distinguish increased creatinine generation from 
loss of filtration, quantify total protein intake and ask about kidney 
history, NSAID use and dehydration. For susceptible users, targeted 
baseline assessment and avoidance of loading and excessive protein 
intake offer proportionate harm reduction.
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generally involves 3–5 g/day (ref. 3). Loading rapidly expands the 
creatine pool and filtered creatine load and might pose greater risk 
when renal perfusion or tubular flow are impaired. My colleagues and 
I reported a case of an adolescent who developed biopsy-proven cast 
nephropathy after receiving 20 g/day for six days, despite reporting 
adequate hydration, with recent exposure to ibuprofen and naproxen4. 
Maintenance dosing has a more reassuring safety record in healthy 
adults, but long-term data in adolescents and individuals with kidney 
susceptibility remain limited. Avoiding loading might therefore be a 
prudent harm-reduction strategy, particularly when baseline risk is 
uncertain.

“Avoiding loading 
might … be a prudent 
harm-reduction strategy, 
particularly when baseline 
risk is uncertain”

A practical approach
Evidence is insufficient to define a universally safe creatine or protein 
dose for adolescents with kidney susceptibility. Nevertheless, uncer-
tainty should not preclude pragmatic harm reduction. Adolescents 
and young adults with known kidney disease, previous acute kidney 
injury, congenital anomalies of the kidney and urinary tract, a soli-
tary kidney, reduced nephron endowment (including prematurity), 
proteinuria or haematuria should probably avoid creatine loading. 
Their total protein intake — including food, powders, shakes and bars — 
should remain below 2 g/kg/day pending individualized nutritional 
and kidney assessment. This pragmatic ceiling, which approximates 
the upper protein requirement proposed for young athletes8, is not a 
therapeutic target. Adolescents with advanced chronic kidney disease 
require individualized, age-appropriate protein intake; when blood 
urea remains high, intake might be adjusted towards the lower end 
of the suggested range while maintaining growth and accounting for 
dialysis or ongoing protein losses9. Creatine should be stopped during 
vomiting, diarrhoea, febrile illness or other circumstances that impair 
hydration, and NSAIDs should be avoided. Baseline assessment should 
include blood pressure, urinalysis, urine albumin-to-creatinine ratio 
and kidney function, preferably using both creatinine and cystatin C, 
when available. Loading is unnecessary to achieve eventual muscle 
creatine saturation: muscle creatine stores can be increased more 
gradually using maintenance dosing, without the abrupt filtered  
creatine burden.
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