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a b s t r a C t

Creatine is a nutritional supplement widely used in sport, 
physical fitness training and bodybuilding. it is claimed to 
enhance performance. we describe a case in which serum 
creatinine is elevated due to the use of creatine ethyl esther. 
one week after withdrawal, the plasma creatinine had 
normalised. 
there are two types of creatine products available: creatine 
ethyl esther (Cee) and creatine monohydrate (CM). plasma 
creatinine is not elevated in all creatine-using subjects. 
Cee, but not CM, is converted into creatinine in the gastro- 
intestinal tract. as a result the use of Cee may be associated 
with elevated plasma creatinine levels. since plasma 
creatinine is a widely used marker for renal function, the 
use of Cee may lead to a false assumption of renal failure.

K e y w o r d s

Creatine, creatinine, bodybuilding

i n t r o d u C t i o n

The use of nutritional supplements continues to increase 
in sports and physical fitness, with creatine as one of the 
most widely used substances. Among visitors to Dutch 
fitness centres, 3.2% had used creatine supplementation 
in the past year.1 Creatine is claimed to increase muscle 
strength and is most popular among bodybuilders. It is 
considered a harmless product and is not regarded as a 
performance enhancing drug by the World Anti Doping 

Agency. We describe a patient who had a substantial 
elevation of his plasma creatinine level, which normalised 
after withdrawal of the creatine-containing supplement he 
was using. Furthermore we explain why serum creatinine 
is not elevated in all subjects using creatine.

C a s e  r e p o r t

A 38-year-old man visited our outpatient clinic because 
he was worried about his fertility after years of anabolic 
steroids usage. One year before oligoasthenoterato - 
spermia was diagnosed. His medical history was 
otherwise unremarkable. He had not been using anabolic 
steroids over the past two years. In the seven years 
before, he had been taking various types of anabolic 
steroids, stacked (eq. combining different anabolic 
steroids) mostly in cycles lasting on average three 
months with occasional use in between cycles. At first 
presentation he had only been using protein shakes 
and creatine powder for a week (creatine ethyl esther). 
He exercised four times a week for one and a half hour, 
mostly strength training. He did not mention any mental 
or physical complaints.
Physical examination was unremarkable except for a very 
muscular appearance. Routine blood tests showed an 
elevated creatinine (247 mmol/l; reference range 64 to 104 
mmol/l), urea (9 mmol/l; reference range 3 to 7.5 mmol/l) 
and creatine kinase (227 mmol/l; reference range 0 to 170 
mmol/l) levels. The results of other blood tests (including 
a complete blood count, liver enzymes and electrolytes) 
were within normal limits. The urine screening test 
was negative for haemoglobin, leucocytes or protein. 
Ultrasound of the kidneys showed normal sized kidneys 
without signs of hydronephrosis or kidney stones. 
We advised the patient to stop the creatine and protein 
shakes and repeated blood tests six days later. The plasma 
creatinine levels had normalised to 76 mmol/l and the 
urea to 5.5 mmol/l. We concluded that the elevated plasma 
creatinine level was due to oral supplementation with 
creatine. 
In addition we measured serum creatine levels. Creatine 
was mildly elevated while using creatine (61 mmol/l; 
reference range 6 to 50 mmol/l); after withdrawal the level 
normalised to 38 mmol/l.
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d i s C u s s i o n

In the presented case, the plasma creatinine level was 
elevated due to oral supplementation with creatine ethyl 
esther. Creatine is a supplement widely used by athletes, 
mostly amateur bodybuilders. It is not on the World Anti 
Doping Agency’s list of banned substances and can be 
easily obtained via internet, in fitness centres and in health 
or sport shops. Creatine is not considered a pharmaceutical 
drug and therefore, its use is not always mentioned by a 
patient, nor is it asked for by the doctor.
Creatinine is a widely used measure to estimate renal 
function. It is a chemical waste molecule that is generated 
from creatine phosphate metabolism by skeletal muscle. 
Plasma creatinine concentration is equal to its production 
rate divided by the metabolic clearance rate. The plasma 
creatinine concentration is a well established marker of 
renal function because its production rate is fairly stable 
and it is exclusively eliminated by renal excretion.2 The 
tubular secretion of creatinine is limited and there is little 
to no tubular reabsorption. Clinicians intuitively associate 
elevated creatinine levels with impaired renal function. In 
most cases, this is correct and further tests to explore the 
cause of renal dysfunction are justified. However, our case 
illustrates that, in rare cases, plasma creatinine levels may 
be elevated in individuals with normal renal function due 
to an elevated ‘production’ of creatinine. 
Creatine (α-methyl guandino-acetic acid), which was 
first identified in 1832, is a nitrogenic composite which 
is manufactured in the liver, and to lesser extent in 
the kidneys and pancreas, from three amino acids: 
methionine, arginine and glycine.3 Creatine is also 
obtained through the diet, mainly by consuming fish 
and red meat. Of the body creatine pool 95% is located in 
skeletal muscle, the remaining 5% is located in liver, brain, 
kidneys, and testes.4 
Creatine can be converted to phosphocreatine by binding 
inorganic phosphate through the reversible reaction 
of creatine kinase. Adenosine diphosphate (ADP) and 

phosphocreatine provide adenosine triphosphate (ATP) and 
creatine (figure 1). Energy is provided to the body from the 
hydrolysis of ATP into ADP. Creatine supplementation is 
thought to increase skeletal muscle’s ability to resynthesise 
ATP from ADP and in theory this could explain the 
presumed increase in muscle strength by supplementation 
of creatine.5-7 Studies aimed to determine the effect 
of creatine supplementation on muscular strength or 
performance show conflicting results.8-11

It has been described before that circulating levels of 
creatinine may be increased in users of creatine 
supplements.12-14 There are two types of creatine 
supplements widely available: creatine monohydrate (CM) 
and creatine ethyl esther (CEE). CEE is converted to CM by 
modifying an acid moiety through ester bond attachment. 
This can be achieved by solvating CM in dry ethanol in an 
acidic atmosphere. CEE is claimed to have a better solubility 
in lipids leading to higher absorption rates.15 However, in 
contrast to CM, CEE can be converted to creatinine in the 
gastrointestinal tract. This is supported by the results of 
a study published by Spillane et al. who measured serum 
creatine and creatinine levels in healthy individuals at 
various time points after oral ingestion of CEE, CM or 
placebo. Serum creatine increased 1.5 fold six days after 
ingestion of CM, but only marginally after ingestion of 
CEE. Creatinine levels, on the other hand, approximately 
tripled after ingestion of CEE and only marginally increased 
after ingestion of CM.11 The mean increase in serum 
creatinine levels in the group that used CEE in this study 
corresponded to the increase seen in our patient. 

In conclusion, elevated serum creatinine does not always 
indicate impaired renal function. The use of CEE, but not 
CM, may lead to a harmless elevation of plasma creatinine 
levels and may provoke unnecessary concern. We advise 
to pay particular attention to the use of supplements in 
patients, and to explicitly ask for the use of creatine in 
professional or amateur athletes. The use of CEE should be 
stopped six days prior to blood sampling.

figure 1. The reversible conversion of creatine into phosphocreatine by binding inorganic phosphate with creatine kinase 
as catalyst. The reverse reaction provides ATP from ADP
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