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Abstract

The food supplement creatine (Cr) is widely used by athletes as a natural ergogenic compound. It
has also been increasingly tested in neurodegenerative diseases as a potential neuroprotective agent.
Weight gain is the most common side effect of Cr, but sporadic reports about the impairment of renal
function cause the most concerns with regard to its long-term use. Data from randomized controlled
trials on renal function in Cr-supplemented patients are scarce and apply mainly to healthy young
athletes. We systematically evaluated potential side effects of Cr with a special focus on renal
function in aged patients with Parkinson disease as well as its current use in clinical medical
research. Sixty patients with Parkinson disease received either oral Cr (n = 40) or placebo (n = 20)
with a dose of 4g/d for a period of 2 years. Possible side effects as indicated by a broad range of
laboratory blood and urine tests were evaluated during 6 follow-up study visits. Overall, Cr was well
tolerated. Main side effects were gastrointestinal complaints. Although serum creatinine levels
increased in Cr patients because of the degradation of Cr, all other markers of tubular or glomerular
renal function, especially cystatin C, remained normal, indicating unaltered kidney function. The
data in this trial provide a thorough analysis and give a detailed overview about the safety profile of
Cr in older age patients.
© 2008 Elsevier Inc. All rights reserved.

Keywords: Creatine; Renal function; Cystatin C; Neurodegeneration; Parkinson disease; Human

Abbreviations: a(1)M, o(1)-microglobulin; AlbU, albumin in urine; ALS, amyotrophic lateral sclerosis; B(2)M, B(2)-
microglobulin; CK, creatine kinase; Cr, creatine; Crn, creatinine; CysC, cystatin C; GFR, glomerular filtration
rate; HD, Huntington disease; MANOVA, multivariate analysis of variance; OTC, over-the-counter; PCr,
phosphorylcreatine; PD, Parkinson disease; RCT, randomized controlled trial; UPDRS, Unified Parkinson
Disease Rating Scale.

1. Introduction adenosine diphosphate and high-energy phosphorylcreatine
(PCr). The CK/Cr/PCr system serves as an energy buffer by
connecting the mitochondrial sites of energy production with
cytosolic sites of energy consumption in tissues with high
energy demand such as brain and muscle (for review
see [1,2]).

Currently, Cr is widely used as an ergogenic nutritional
supplement by athletes, and it is well tolerated in this

The food supplement creatine (Cr) is a natural guanidine
compound that plays a pivotal role in the regulation of
cellular energy metabolism. The creatine kinase (CK)
reaction promotes the transfer of the y-phosphate group of
adenosine triphosphate to the guanidino group of Cr to yield
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In vitro and in vivo studies indicate neuroprotective
effects of Cr in several animal models of neurodegenerative
or acute neurologic diseases such as Huntington disease
(HD), Parkinson disease (PD), amyotrophic lateral sclerosis
(ALS), or ischemic stroke (for review [4]). In addition, we
have recently shown in aged mice that long-term Cr
supplementation results in prolonged lifespan, better
performance on memory tasks, and a decreased accumula-
tion of the age-related pigment lipofuscin in the hippo-
campus [5].

Based on these encouraging results in rodents, Cr is now
being tested increasingly in human neurodegenerative
disease such as HD, PD, and ALS [6-10]. These studies
implicate the possible benefits of long-term administration of
Cr to aged individuals with significant comorbidity rather
than to healthy young athletes. The widespread use of Cr
therefore warrants the acquisition of adequate knowledge
about associated side effects and health risks.

The only consistently reported side effect of Cr is weight
gain [11,12]. Yet there have been some safety concerns
regarding an adverse effect of Cr on renal function. These
concerns were based on 2 case reports implicating Cr as the
cause of renal dysfunction in 2 males, aged 20 and 25 years
[13,14]. One of these patients had a preexisting nephrotic
syndrome before taking Cr. Recently, there was an
additional report about a young healthy athlete who
developed a reversible intersititial nephritis after consuming
Cr in combination with other bodybuilding-related sub-
stances [15].

Randomized controlled trials (RCT) systematically
investigating the side effects and health hazards associated
with long-term Cr intake are scarce and focus only on
healthy young athletes. From these studies, it was concluded
that Cr has no negative impact on renal or hepatic function
[16-21].

Creatine is an emerging nutritional supplement not only
in young athletes but also in aged patients with
neurodegenerative disease and comorbidity. Thus far, Cr
safety data are lacking for the latter patient group. We
conducted an RCT in aged individuals with PD to test the
hypothesis that long-term Cr supplementation does not lead
to severe side effects and renal dysfunction in a study
population not consisting of healthy young athletes.
The data provided by this trial will help research and
patient care in evaluating risks associated with long-term
Cr intake in aged individuals.

2. Methods and materials
2.1. Patients

The study protocol was approved by the local ethics
committee of the University of Munich (Munich, Germany).
After giving informed consent, 60 patients with early PD were
enrolled at a university hospital clinic for movement disorders
between October 2000 and May 2003. Patient flow is outlined

in Fig. 1, and demographic data are given in Table 1. Exclusion
criteria were younger than 45 years, known renal disease,
prestudy use of Cr, and PD severity more than 2.5 on the
Unified Parkinson Disease Rating Scale (UPDRS).

2.2. Intervention and study protocol

Patients received either oral Cr (n = 40; Creapure, SKW
Trostberg, Trostberg, Germany) or a placebo (n = 20) in a
blinded fashion at a loading dose of 20 g daily for 6 days,
followed by 2 g daily for 6 months, and 4 g daily for the
remainder of the study. Comparable dosage regimens lead to
an increase in total brain Cr concentration of 8% to 10% [22].
Patients were advised to dissolve the Cr powder in cold water
or preferably juice and to avoid simultaneous consumption
of caffeine. Study visits were performed in the mornings
(9-11 AMm) at baseline and after 1, 3, 6, 12, 18, and 24 months.
At each visit, patients completed questionnaires on possible
adverse effects of Cr. A physical examination was
performed, patients were weighed, and blood and urine
samples were collected and analyzed in the hospital central
laboratory on the same day. Blood tests in serum (reference
range in square brackets) comprised sodium [135-
145 mmol/L], potassium [3.5-5.0 mmol/L], creatinine
(Crn) [71-115 pumol/L in male, 53-106 umol/L in female],
urea [2.9-17.8 mmol/L], bilirubin [<17.1 umol/L], alkaline
phosphatase [<135 U/L], y-glutamyltransferase [<55 U/L in
male; < 38 U/L], alanine aminotransferase [<45 U/L in male;
<35 U/L in female], aspartate aminotransferase [<40 U/L in
male; <33 U/L in female], cholinesterase [5.0-13.3 kU/L],
CK [<180 U/L in male; <155 U/L in female], albumin
[530-758 pmol/L], white blood count [4-11 x 10%/L], red
blood cell count [4.5-6.3 x 10'?/L in male; 4.2-5.1 10'%/L in
female], hemoglobin [8.48-10.91 mmol/L in male;
7.27-9.7 mmol/L in female], hematocrit [0.38-0.52 in male;
0.36-0.46 in female], platelets [150-440 x 10°/L], cystatin C
(CysC) [0.57-0.96 mg/L in male; 0.5-0.96 mg/L in female],
and fB(2)-microglobulin (B(2)M) [0.8-2.6 mg/L]. Urinary
tests consisted of a test strip analysis, an analysis of urinary
sediment, as well as the quantification of creatinine [g/L],
total protein content [g/L], albumin (AlbU) [<0.03 g/L], and
a(1)-microglobulin (a(1)M) [<0.012 g/L].

For statistical analysis of renal function tests, we defined
5 different categories based on pathologic laboratory
findings occurring after the start of the trial: (I) New tubular
damage is defined as elevated o(1)M levels; (II) New
impairment of glomerular filtration rate (GFR) is defined as
elevated CysC; (IIl) New microalbuminuria is defined as
AlbU levels between 0.03 and 0.2 g/L; (IV) New hematuria
is defined as a positive finding of erythrocytes in the urine;
(V) New renal damage is defined as the presence of either
one of categories I to IV or elevated serum levels of S(2)M.

2.3. Literature search

A Pubmed literature search with the syntax “Creatine [in
title] AND (clinical trial OR RCT)” and limiting publication
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Fig. 1. Patient flow chart.

date to 2000 to 2005 was performed to identify RCTs on the
use of Cr. To be eligible for analysis, trials had to fulfill the
following criteria: state the number of patients and controls,
state the duration of Cr supplementation, state the dosage of
Cr, state the indication for the trial, and state the results.
Trials were divided into 3 categories: therapeutical, ergo-
genic, and basic research trials. The latter refers to trials
where Cr was given to test its pharmacodynamics or its
influence on immunologic parameters.

2.4. Statistical analysis

All statistical analyses were performed with the SPSS 12.0
software package (SPSS Inc, Chicago, Ill). For each visit,
frequencies of adverse events were compared by Fisher exact
test. A multivariate analysis of variance (MANOVA) repeated
measure design was applied to test for significant group and
time effects on quantitative scale variables, followed by
univariate F tests if applicable. As the group sizes were

unequal, the MANOVA was corrected for unequal sample
sizes in SPSS. The level of significance was defined as P <.05.

3. Results

Results of the literature review on the use of Cr in medical
research are given in Table 2. A total of 2064 patients were
treated in 136 RCTs between 2000 and 2005 alone. Positive

Table 1
Demographics and baseline characteristics

Cr Placebo
Age (y) 60.0 (9.4) 58.7 (11.3)
Female patients 12 5
Male patients 28 15
Disease duration (y) 2.5(1.4) 2.1 (2.0)

Values given as means + SD for patients treated with Cr (n = 40) or placebo
(n = 20).
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Table 2
Summary of RCTs with Cr between 2000 and 2005

Therapeutic Ergogenic  Basic Total

trial trial research trial
No. of trials 32 71 33 136
No. of patients 811 796 457 2064
Age = SD (y) 41.3 (24.0) 32.6 (15.8) 26.9 (8.9) 32.8 (16.8)
Mean (£SD) 8.2 (5.0) 14.5 (7.9) 11.3 (7.7) 12.3 (7.7)
Cr dose (g)
Mean (£SD) 18.5(21.7) 2.9 (3.8) 5.6 (7.8) 6.9 (12.7)
duration
of RCT (wk)
Positive effect (%)  40.6 74.6 n/a n/a

effects were reported in 40.6% of therapeutic trials and in
74.6% of studies with the aim of improving physical
performance (ergogenic trials).

After 1 year of therapy, serum Crn levels were significantly
higher in the Cr group as compared to the placebo group, but
this difference was not sustained between 12 and 24 months
(Table 3; Fig. 2). None of the other markers of renal function
were significantly increased in the Cr group, and findings
suggestive of new renal damage were comparable between
groups (Table 4). The CysC levels as a marker for the GFR
remained similar between groups (Table 3). Patient age was
inversely correlated with CysC levels (Pearson correlation
coefficient, » = —.34 with P = .01).

There was a significant increase in gastrointestinal
complaints after 2 years of therapy in the Cr group, whereas
symptoms suggestive of new renal dysfunction did not differ

between groups (Table 5). There was no significant weight
gain in the Cr group (from 77.4 + 14.7 kg at baseline to
80.6 £ 15 kg after 24 months; P = .38).

Dropout rates were statistically not different between
groups with 23% in the Cr group and 15% in the placebo
group (P = .73; for reasons, see Fig. 1).

4. Discussion

Creatine is a widely used ergogenic compound by
athletes, and most trials in this population indicate
ergogenic effectiveness of Cr. In addition, Cr has been
increasingly considered in medical conditions such as
neurodegenerative disease, muscle disease, and rehabilita-
tion medicine. Whereas Cr is considered safe in healthy
young athletes, little is known about its long-term effects in
aged individuals. Yet, this is exactly the group of patients
(eg, PD patients as in this study) that will receive Cr as an
over-the-counter (OTC) attempt of self-medication, by
following advice of their physicians, or in the course of
clinical trials. Moreover, it is evident that Cr supplementa-
tion has to be given for a long period to be effectively
neuroprotective. It is not surprising, therefore, that the only
available long-term safety data so far stem from neurode-
generation trials. In an RCT on the effect of 6 months of 5 g
Cr in 104 patients with ALS, the investigators reported that
neither serious nor nonserious adverse events could be
attributed to the study medication. Serum Crn and urea
levels remained normal throughout the trial [10]. Another
RCT on 175 patients with ALS who took Cr in a dose of

Table 3
Results of blood and urine tests

Baseline 12 mo 24 mo P*

Placebo Cr Placebo Cr Placebo Cr

Sodium 141 (2.3) 140 (2.1) 142 (2.0) 142 (1.6) 141 (2.7) 142 (2.3) .85
Potassium 4.4 (0.4) 4.3 (0.3) 4.3(0.2) 4.4(0.3) 4.4 (0.2) 4.2 (0.3) .16
Crn 88 (9) 88 (9) 88 (18) ** 106 (18) ** 97 (18) 97 (18) 002 ***
Urea 11 (2.9) 12 (2.9) 10.7 (2.5) 12 (2.9) 11.1 (1.8) 12.1 (2.5) 95
Bilirubin 12 (9) 10 (7) 10 (5) 12 (9) 12 (7) 12 (10) 12
AP 81 (26) 75 (16) 75 (24) 72 (14) 79 (34) 79 (22) .69
eGT 28 (17) 41 (32) 27 (15) 42 (38) 31 (20) 39 31) .35
ALT 26 (11) 25 (9) 24 (9) 26 (15) 26 (16) 28 (14) 61
AST 44 (12) 44 (7) 47 (12) 51(9) 31 (16) 29 (10) 45
ChE 9.4 (2.1) 9.2 (2.0) 8.9 (2.1) 8.8 (1.8) 8.3 (2.0) 8.4 (1.8) .70
CK 80 (54) 97 (53) 102 (80) 129 (60) 95 (59) 156 (135) 21
WBC 6.5 (1.7) 6.2 (1.4) 6.6 (1.8) 6.4 (1.1) 6.2 (1.6) 6.8 (1.3) .02 FH*
Hb 9 (0.6) 9(0.7) 8.7 (0.6) 8.9 (1.3) 8.6 (0.7) 9 (0.6) .09
Platelets 245 (72) 244 (74) 246 (56) 224 (76) 247 (76) 252 (53) 42
p2OM 1.1 (0.6) 1.1 (0.5) 1.2 (0.3) 1.2 (0.3) 1.5 (0.5) 1.3 (0.3) .26
CysC 0.8 (0.1) 0.8 (0.1) 0.9 (0.2) 0.8 (0.1) 0.9 (0.2) 0.8 (0.1) .84
CrnU 1.2 (0.6) 1.0 (0.6) 0.9 (0.4) 1.0 (0.6) 1.3 (0.9) 1.1 (0.5) 17

Values given as means (+SD) in patients treated with Cr (n = 31) or placebo (n = 17); reference range see Patients in the Methods and materials section. AP
indicates alkaline phosphatase; gGT, y-glutamyltransferase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ChE, cholinesterase; WBC, white
blood cell count; Hb, hemoglobin; CrnU, creatinine in urine.

* Level of significance as measured by MANOVA repeated measure test.

** P <.05 in the post hoc analysis.

i p <.05.

FOR HKMA CME MEMBER USE ONLY. DO NOT REPRODUCE OR DISTRIBUTE



FOR HKMA CME MEMBER USE ONLY. DO NOT REPRODUCE OR DISTRIBUTE

176 A. Bender et al. / Nutrition Research 28 (2008) 172—178
A
130
120
; 110
g //h\‘
= 100 x
2 l G _o.
(=4 — - "
= e i % -
3 o0 = S =
il -
§ 80 T
w
70
60 .
0 1 3 6 12 18 29
months
B
1.2
1.1
)
E
o
@
£
£ o9 - —
1 ¢ Tp— = Tp—— .. - PR
§ ‘—‘—/——‘\_.—/—KH
S 08
@
07
06 T T

6 12 18 29

months

Fig. 2. Change of mean serum Crn (A) and CysC (B) levels during 24 months of treatment with Cr (triangles) or placebo (squares) (error bars indicate either +
[going up] or — [going down] SD [only to one side for better clarity]). The rise in Crn after 1 year is not paralleled by significant changes in CysC levels, thus

indicating preserved renal function.

10 g/d for 16 months yielded comparable safety results—
adverse effects were comparable between groups and
measures of renal function (Crn, urea) and hepatic function
remained normal. Three subjects of the Cr group discon-
tinued study medication for gastrointestinal side effects
(diarrhea, nausea) [23]. The latter were also the only adverse
events in our trial, which occurred significantly more often
in the Cr-treated patients (Table 5).

As renal dysfunction is considered to be the most serious
health threat that may be caused by Cr supplementation, we
thoroughly investigated the potential impairment of kidney
function for a 2-year period by means of serum and urinary
markers. Creatinine in serum increased in the Cr group in
contrast to the placebo group. This is in accordance with the
results of a 1-year trial in 41 patients with HD [8]. Also,
additional markers for tubular or glomerular damage were
not elevated in the Cr group. Cystatin C is a low molecular

weight basic protein with a stable production rate, which is
freely filtered by the glomeruli. It has been suggested as a
reliable screening test for early renal damage and as superior
to Crn in detecting temporal changes of renal function

Table 4
Summary of tests of renal function

Placebo (%) Cr (%) p*
New tubular damage 11 15 .52
New impairment of GFR 7 11 .59
New microalbuminuria 8 11 .61
New hematuria 17 21 .52
New renal damage 33 43 .36

Incidence of newly diagnosed renal damage within the 24-month study
period in patients treated with Cr (n=31) or placebo (n = 17). For definitions
of categories see Patients in the Methods and materials section.

* Level of significance in Fisher exact test.
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Table 5
Adverse events
Baseline 12 mo 24 mo

Placebo Cr  Placebo Cr Placebo Cr
Obstipation 0 21% 5 8 6 6
Diarrhea 5 8 0 0 0 3
Meteorism 20 13 0 0o 0 13
Nausea 5 8 10 5 0 3
Total gastrointestinal 40 51 20 21 6 20%

symptoms

Dizziness 5 8 20 13 18 10
Insomnia 0 5 0 0 0 0
Skin irritation 5 3 0 3 0 0
Fatigue 40 33 25 34 41 32
Headache 5 8 10 3 0 0
Sexual dysfunction 5 0 0 30 0
Polyuria/pollakisuria 0 3 0 30 0
Edema 5 0 0 0 0 3
Nervousness 5 3 5 0 0 0
Palpitation 5 3 0 3 0 6
Impaired concentration 25 18 30 26 47 32
Cramps 5 3 0 0o 0 0

Values given as % of patients in the respective group (patients treated with
Cr [n = 31]; patients treated with placebo [n = 17]).
* Significant group differences with P <.05 in Fisher exact test.

[24,25]. In our patients, CysC remained normal even in Cr
patients who experienced an increase in serum Crn. These
data show that increases in serum Crn upon Cr supplementa-
tion does not necessarily reflect impairment of renal
function. Instead, these increases are most likely because
of an increased total Cr concentration in the whole body with
a concomitant higher rate of degradation of Cr to Crn and as
such are a marker for compliance. However, we would
recommend routine testing of renal function after the first
months of Cr treatment. In the case of elevated serum Crn,
we would encourage further testing of Cr-independent
markers of renal function, such as serum CysC, instead of
immediate substance withdrawal.

Although there were no group differences in the
occurrence of laboratory tests implicating renal dysfunction,
it is a noteworthy finding by itself that the incidence of test
results outside the reference range was very high for controls
(33%) and Cr patients (43%). This points to the chosen
criteria that were very sensitive for measures of kidney
dysfunction. Our statistical analysis shows that CysC levels
correlated inversely with patient age and were independent
of treatment group status.

To our knowledge, the provided laboratory data are the
most extensive workup for renal function published so far in
aged Cr users with or without underlying chronic illness.

Another safety concern regarding Cr supplementation
has been the purity of the product. Creatine is freely
distributed as OTC substance in a growing market of food
supplements that has led to the introduction of a large
variety of different Cr producers and distributors with likely
varying quality standards of Cr production. Depending on

the synthesis procedure, variable amounts of contaminants
such as dicyandiamide, dihydrotriazines, and Crn can be
found in the end product [26,27]. Also, there have been
reports of Cr products with traces of anabolic steroids. In
fact, a recent systematic analysis of 42 OTC Cr products in
the United States and in Europe has found significant
amounts of norandrostenedione in one of the Cr products
with presence of the 2 main metabolites of nandrolone in
urine [28]. It is therefore necessary to stress the importance
of the highest Cr purity and quality control, especially in the
case of long-term supplementation. This is particularly
relevant for consumers when ordering unknown or undo-
cumented brands off the Internet.

Regarding the neuroprotective potential of Cr in the
previously published data from this study population, we
did not find differences with objective imaging variables
for loss of dopaminergic neurons. But patients in the Cr
group had less need for additional symptomatic therapy
during the course of the trial and performed better in a
subscale of the UPDRS testing for depression [7]. In sharp
contrast to the ergogenic indications for Cr, results of its
use in neuroprotection trials were so far not very convincing.
Still, in an attempt to identify substances worth future
consideration for neuroprotection trials, Cr was not found to
be futile [29]. Therefore, it is likely that use of Cr in aged
patients with significant comorbidity will increase in the
clinic. In this context, our data on the safety profile of Cr are
valuable because we studied patients with a common
neurodegenerative disease and regular intake of medication
(eg, levodopa, cabergoline, ropinirole, pramipexole).

It has to be stressed that our data stem from a long-term
neurodegeneration trial with PD patients. Therefore, one
limitation of our study is that the findings cannot
automatically be generalized to healthy aged individuals.
Yet, we do not see evidence for a special impact of PD on
kidney function and certainly patients with PD cannot be
considered to be at special renal risk. Also, to our
knowledge, there are no reports about protective effects
of PD or its symptomatic treatment on renal function. It is
clear that when assessing a patient’s individual risk for Cr-
related side effects, one has to take into consideration
concomitant diseases and regular medication. Although Cr
is safe in patients with PD, it might have a negative impact
on patients with underlying renal disease as for example in
advanced stage diabetic patients or on patients who take
nephrotoxic drugs.
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