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Artefactual elevation of creatinine due to
creatine water supplements
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Clinical record

We report the case of a 20-year-old man who suffered an artefactual
elevation of creatinine after consuming a creatine water supplement.
Before this event, the patient was regularly seen in our clinic to
monitor progression of a secondary paroxysmal nocturnal
haemoglobinuria clone complicating childhood aplastic anaemia, for
which he was previously treated with immunosuppression. Aside from
his asymptomatic, stable, moderate thrombocytopenia (platelet
count, 50-60 x 107/L), there had never been evidence of haemolysis
or thrombosis. The patient took no regular prescription medications
and had previously documented normal renal function (Table). Blood
tests performed 1 day before the patient’s admission to hospital
showed a significantly elevated creatinine level of 196 umol/L
(reference range, 40-120 umol/L), with an estimated glomerular
filtration rate of 38 mL/min, calculated using the MDRD (modification
of diet in renal disease) formula.! The patient reported no recent
systemic illnesses or symptoms. However, on specific questioning, he
reported using a creatine water supplement at 1.0-2.5 L/day for the
previous 2-3 months — an intake greater than that recommended in
the product packaging information (3 g creatine in 500 mL of water
daily). Physical examination was unremarkable and fluid status was
clinically euvolaemic.

The patient was admitted to hospital for investigation of apparent
acute renal dysfunction. Repeat blood tests confirmed a
disproportionately elevated creatinine level of 206 pmol/L

relative to the urea level, which was normal (6.9 mmol/L; reference
range, 2.1-7.1 mmol/L). All electrolyte levels were within normal
limits, including a potassium level of 4.1 mmol/L. A full blood count
examination demonstrated stable thrombocytopenia with a
platelet count of 58 x 10%/L. Other parameters, including glycated
haemoglobin level, white cell count and neutrophil count, fell within
their reference ranges.

Results of further directed investigations did not show any significant
abnormalities to account for the apparent renal impairment. These
included a total protein level of 82 g/L, an albumin level of 47 g/L, and
a creatine kinase level of 331 U/L. Although above the reference
range, at this level the creatine kinase would not be associated with

Patient’s renal function tests

Creatinine eGFR Urea
Time of test (wmol/L)* (mL/min)t (mmol/L)*
1 month before 79 >90 8.1
supplement use
At admission to hospital 206 36 6.9
2.5 hours after admission 152 51 7.1
to hospital
17 hours after admission 81 >90 4.3
to hospital
1 week after ending 96 87 7.1

supplement use

eFGR = estimated glomerular filtration rate, calculated using the MDRD
(modification of diet in renal disease) formula. * Reference range
(RR), 73-108 wmol/L. t RR, > 60 mL/min. £RR, 2.1-7.1 mmol/L. .

elevated creatinine. Also within reference range were the patient's
levels of negative antinuclear antibodies, extractable nuclear
antigens, anti-double-stranded DNA, antinuclear cytoplasmic
antibodies, antiglomerular basement membrane antibody,
antistreptolysin serology, HIV, and hepatitis B and C serology.
Midstream urine analysis was unremarkable, being within the
reference range for cells, casts, protein and myoglobin. Renal tract
ultrasound with Doppler studies showed normal-sized kidneys with
no evidence of renal artery or vein thrombosis, or obstruction.

The patient was initially treated with intravenous normal saline and
cessation of the creatine water supplement. Further blood tests
performed 2.5 hours later showed a reduction in his creatinine level
to 152 umol/L; and those performed 17 hours later showed that the
level had normalised to 81 umol/L. In view of the rapid return to a
normal creatinine level, a renal biopsy was not performed. The
patient was clinically well throughout his hospital stay and, since
discharge, has experienced normal renal function. .

reatine supplements are commonly used by professional
and amateur athletes to help enhance their sporting per-
formance.? Creatine is typically sold in powder form to
limit spontaneous hydrolysis to creatinine. Recently, creatine
monohydrate suspended in water (Creatine Water AsthNon3000,
Immuno-Biological Laboratories Co, Takasaki-Shi, Gunma, Japan)
has become commercially available in Australia. The manufactur-
ing process attempts to stabilise creatine in liquid for prolonged
periods of time. Our patient’s disproportionately elevated creati-
nine level compared with a urea level within reference range, lack
of evidence for organic renal abnormality, and rapid normalisation
of creatinine level once he stopped using the creatine supplement
suggest that artefactual elevation of creatinine secondary to con-
sumption of creatine water was responsible for the abnormal
biochemical test results seen.
We investigated this hypothesis further by analysing a previ-
ously unopened bottle of the creatine water product that the

patient had been using. The product information stated that a
500 mL bottle contains water, sorbitol 5g, creatine monohydrate
3 g and sodium 0.27 mg. We analysed the fluid on the hospital’s
laboratory analyser (UniCel DxC-800 Synchron, Beckman-Coul-
ter, Brea, Calif, USA) using the Jaffé method and obtained a
creatinine concentration of 21 000 pmol/L. To determine whether
the drink actually contained creatinine or if this concentration was
an artefact of the creatine present in the supplement, we then
analysed it using high-performance liquid chromatography. This
analysis showed a creatine concentration of 46.5 mmol/L, which
was about the same as that stated on the product label, and a
creatinine concentration of 20 000 pmol/L, which was similar to
that from the hospitals laboratory analyser. Further testing also
found that creatine itself caused minimal cross-reactivity; a sepa-
rately produced creatine solution with a concentration of
55.6 mmol/L recorded a creatinine concentration of only 80 pmol/L
(Jaffée method).
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Given the creatine level we found in the supplement was
consistent with that reported in the manufacturer’s product infor-
mation, it appears that the creatine was not spontaneously con-
verting to creatinine after bottling. This suggests that a substantial
amount of creatinine was produced during the manufacturing
process. When our patient consumed the creatine water, he would
have directly absorbed this creatinine, which was subsequently
measured in blood tests as an artefactually elevated creatinine level
in the absence of renal abnormality.’

There are many case reports describing renal impairment attrib-
uted to creatine supplements. Pritchard and Kalra* reported a 25-
year-old man with focal segmental glomerulosclerosis and deterio-
rating renal function attributed to creatine supplements.
Thorsteindottir et al* and Koshy et al’ described cases of acute
interstitial nephritis in previously healthy young men taking
creatine supplements. In contrast to our case, both these patients
were symptomatic, had proteinuria, and had renal biopsies that
confirmed organic abnormality. Willis and colleagues® reported a
series of four patients with HIV referred for investigation of
elevated creatinine level, in whom no kidney disease was identi-
fied, and whose creatinine levels improved when they stopped
consuming creatine or protein supplements. Willis and colleagues
proposed that the elevated creatinine level may have been the
result of endogenous metabolism of creatine to creatinine. Several
prospective studies have demonstrated that creatine supplements
may produce mild elevations of creatinine in the absence of kidney
injury in healthy patients as well as those with pre-existing renal
impairment;>’* this is generally attributed to conversion of creat-
ine to creatinine in vivo. Our case is novel in that the creatinine
appears to have been consumed directly, rather than being the
result of increased endogenous production from creatine.

In relatively asymptomatic patients with elevated creatinine
levels for whom investigations do not identify evidence of organic
renal disease, a full nutritional supplement history should be
obtained. Our case provides evidence that creatine monohydrate
water supplements may contain creatinine contamination that can
cause artefactual elevation of creatinine levels on routine labora-
tory testing.

Lessons from practice

* History of non-prescription medication and supplement use is
important in assessing patients with acute renal impairment.

» Creatine water supplements may contain significant quantities of
creatinine that can cause an artificial elevation of blood creatinine
levels on routine laboratory analysis.

» Disproportionately elevated creatinine levels compared with urea
levels should raise suspicion of artefactual elevation. .

Acknowledgements

We thank Dr George Marshall, Chemical Pathology Registrar at Royal
Brisbane and Women's Hospital, for his assistance.

Author details

Kathryn A Jackson, MB BS(Hons), BSc, Haematology Registrar
Kacey M O'Rourke, MB BS(Hons), BAppSc, Haematology Registrar
Adrian Kark, MB ChB, FRACP, Nephrologist

Glen A Kennedy, MB BS(Hons), FRACP, FRCPA, Haematologist

Royal Brisbane and Women's Hospital, Brisbane, QLD.

References

1 Levey AS, Bosch JP, Lewis JB, et al. A more accurate method to estimate
glomerular filtration rate from serum creatinine: a new prediction equa-
tion. Modification of Diet in Renal Disease Study Group. Ann Intern Med
1999; 130: 461-470.

2 Thorsteinsdottir B, Grande JP, Garovic VD. Acute renal failure in a young
weight lifter taking multiple food supplements, including creatine mono-
hydrate. J Ren Nutr 2006; 16: 341-345.

3 Schedel JM, Tanaka H, Kiyonaga A, et al. Acute creatine ingestion in
human: consequences on serum creatine and creatinine concentrations.
Life Sci1999; 65: 2463-2470.

4 Pritchard NR, Kalra PA. Renal dysfunction accompanying oral creatine
supplements. Lancet 1998; 351: 1252-1253.

5 Koshy KM, Griswold E, Schneeberger EE. Interstitial nephritis in a patient
taking creatine. N Engl J Med 1999; 340: 814-815.

6 Willis J, Jones R, Nwokolo N, Levy J. Protein and creatine supplements
and misdiagnosis of kidney disease. BMJ 2010; 340: b5027.

7 Kreider RB, Ferreira M, Wilson M, et al. Effects of creatine supplementa-
tion on body composition, strength, and sprint performance. Med Sci
Sports Exerc 1998; 30: 73-82.

8 Gualano B, Ferreira DC, Sapienza MT, et al. Effect of short-term high-
dose creatine supplementation on measured GFR in a young man with a
single kidney. Am J Kidney Dis 2010; 55: e7-€9.

(Received 28 Jun 2010, accepted 13 Sep 2010) Qa

MJA ¢ Volume 193 Number 10 e 15 November 2010 617



	Acknowledgements
	Author details
	References
	Correction

