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Abstract

The aim of this study was to evaluate the impact of creatine supplementation (CS) on renal function in young, healthy, and
active subjects. We used a randomized, double-blind, placebo-controlled clinical trial as the study design. Thirty-six healthy
male university students were recruited and divided into three groups: group placebo, group G3 (3 g/day of CS), and group G5
(5 g/day of CS). To assess renal function, new kidney biomarkers, kidney injury molecule-1 (KIM-1) and monocyte
chemoattractant protein-1 (MCP-1), were quantified. Serum albumin, serum creatinine, serum urea, estimated glomerular
filtration rate (eGFR), proteinuria, and albuminuria were also measured. All groups were evaluated at two times: prior CS or
placebo (pre) and after 35 days on CS or placebo (post). After 35 days of intervention, all characteristics were maintained
without significant difference (P > 0.05) between the groups, including serum creatinine, eGFR, and more sensitive kidney
biomarker concentrations (KIM-1 and MCP-1). The paired analysis showed that the supplemented groups (G3 and 5G) had
increased serum creatinine and decreased eGFR levels (P < 0.05). However, the values were still within the normal reference
range. In conclusion, the results of renal function evaluation did not show any difference between the evaluated groups.
Increased serum creatinine and decreased eGFR levels in CS groups can be explained by increased creatine stores and
metabolism, since creatinine is a by-product of creatine metabolism. These findings indicate that the use of CS at doses of
3 g and 5 g/day for a short period (35 days) is safe and did not impair the kidneys or renal function in young healthy subjects.
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Introduction
Creatine monohydrate is one of the most consumed dietary
supplements in the world [1]. Creatine supplementation (CS) has
been well known by researchers and professional athletes for at
least half a century [2]. CS began to gain popularity at the 1992
Olympics in Barcelona, when British sprinter Linford Christie
won the 100-meter race and attributed his gold medal to CS [3].

The first doubts concerning the CS safety occurred in 1998.
In this year, three young wrestler fighters died in preparation for
a competition while consuming CS [4]. Also in 1998, Kuehl et al.
reported a case where CS was correlated with symptoms such as
weight loss, fatigue, and dyspnea in a college football athlete [5].

Specifically regarding renal function, worries and questions
began to appear after British nephrologists Pritchard and Kalra
published a study reporting significant renal function loss in
subjects who used 2 g of creatine per day for 14 days [6]. Studies
in animal models also have demonstrated severe renal function
loss in rats supplemented with creatine [7–9]. Despite these
findings, several more recent studies have demonstrated that
CS is perfectly safe for humans [10–17]. However, virtually all of
these studies are limited by the capability to detect renal function
decline at an early stage.

Therefore, although it has already been the subject of numer-
ous studies, the impact of CS on renal function has not yet
been fully clarified and promotes intense debates in the medical
and academic field. This lack of consensus is mainly linked to
the inherent limitations in evaluating the renal function decline
based on markers commonly used in clinical practice [18].

Serum creatinine and eGFR based on creatinine values are
routinely used as kidney function biomarkers. However, they
are not optimal to specifically detect injury or dysfunction early
enough to allow prompt therapeutic intervention. Moreover, cre-
atinine is also secreted by the proximal tubules and overesti-
mates eGFR [19].

Additional candidate biomarkers, such as urinary monocyte
chemoattractant protein-1 (MCP-1) (glomerular and tubuloint-
erstitial damage) and urinary kidney injury molecule-1 (KIM-1)
(specifically for the proximal tubules), have been reported as
being a more sensitive and specific kidney biomarker [20]. How-
ever, none of them met the criterion for use in specific clinical
contexts. For the first time, these biomarkers were evaluated in
this present study, aiming to detect clinical or subclinical kidney
injury associated with creatine supplementation. Moreover, the
present study is relevant as a new evidence of urinary MCP-1 and
KIM-1 use as a renal biomarker.

Thus, this study, by means of a randomized, double-blind,
placebo-controlled clinical trial, aims to investigate the impact of
CS on renal function through traditional clinical evaluation and
through more sensitive kidney biomarkers: KIM-1 and MCP-1.

Methods
Study design and participants

This is a randomized, double-blind, placebo-controlled clinical
trial involving 36 healthy male university students engaged in
resistance training. Inclusion criteria included the following: not
using any kind of medicine; no personal history of cardiovascular,
kidney, or liver disease; and not consuming any supplements that
contained creatine in the last 60 days. Also, they were strictly
advised to avoid alcohol consumption and not to change their
food intake habits. More details about the study design can be
found in the flow diagram (Fig. 1).

Creatine supplementation (CS) protocol and
experimental approach

Pure micronized creatine monohydrate powder, supplied by Mid-
way Labs, a reliable company in Brazil, was used in the study.
The supplier guarantees the product purity based on a high-
performance liquid chromatography test. In total, 36 kits with
35 sachets each of creatine powder or placebo (microcrystalline
cellulose) were prepared. The kits and sachets were identical, and
the kits were randomly coded. The association between the code
and the composition of the sachets in each kit were known only
by the Pharmacy School professionals at Universidade Federal
do Ceará. The subjects and the researchers were blinded. Only
after the study was finished, they had access to the codes,
and it was possible to identify the correlation between codes
and groups.

The participants used one sachet per day and were instructed
to mix and dissolve the contents of the sachet in 200 ml of water
before drinking the solution. They were divided into three groups
in a randomized, double-blind fashion as follows: group placebo
(supplementation with placebo, a compound of inert substance
with color, solubility, and taste similar to those of creatine, using
a dose of 5 g/day), group G3 (3 g/day of CS), and group G5 (5 g/day
of CS). Moreover, all groups were evaluated at two times: prior to
CS (pre) and after 35 days on CS (post). All subjects had to perform
a standardized resistance training program three times a week
for 5 weeks, according to the study protocol.

Regular consumption of creatine and attendance at training
sessions were strictly monitored during the 35 days of the study.
A diary was used to monitor the frequency of training sessions
and creatine consumption. Six participants, two from each group,
were excluded for not meeting the minimum number of weekly
physical training sessions.

Renal function evaluation and novel biomarkers

To assess the glomerular function, proteinuria and albuminuria
were investigated and determined as the ratio of urinary cre-
atinine and expressed as “mg/g-Cr.” The estimated glomerular
filtration rate (eGFR) was determined based on serum creatinine
and using the CKD-EPI formula [22]. The urinary levels of novel
biomarkers KIM-1 (uKIM-1) and MCP-1 (uMCP-1) were quantified
by enzyme-linked immunosorbent assay (ELISA) kits for human
beings obtained from R&S systems (Minneapolis, MN) and deter-
mined as “pg/ml” and “pg/mg-Cr” to eliminate the bias of the
urinary difference between the subjects [23]. Urinary MCP-1: the
coefficient range of intra-assay variances was 4.2 to 5.9%; and for
inter-assay range, of 4.5 to 5.9%. Urinary KIM-1: the coefficient
range of intra-assay variances was 3.9 to 4.4%; and for inter-
assay range, of 6.0 to 7.8%. All analyses were performed at the
Nephrology Tropical Diseases Laboratory at Universidade Federal
do Ceará.

Statistical analysis

All variables were tested for normal or non-normal distribu-
tion using Shapiro–Wilk test. Normal data were expressed as
mean ± standard deviation and non-normal data as median and
interquartile range. To compare the three groups (placebo, G3,
and G5), ANOVA or Kruskal–Wallis test was used as appropriate.
Moreover, to compare the renal function between two time points
in each group (before CS and after 35 days of CS), the paired t-test
or Wilcoxon rank test was applied.
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Figure 1: Flow diagram protocol based on CONSORT standards [21].

The sample size was determined by the recruitment feasibil-
ity. Cohen’s d value was calculated to estimate the effect size
for paired samples through a standard formula [24]. Regarding
all paired variables, the mean ± standard deviation of Cohen’s d
was −0.22 ± 0.77 and minimum to maximum values were − 1.76–
1.82. All tests were two-tailed, with P values <0.05 considered as
statistically significant. The analyses were performed using SPSS
version 20.0 for Windows (Chicago, IL, USA).

Ethical aspects

All participants signed the written informed consent form. This
study was filed with the certificate of presentation for ethical
appreciation (no. 52825816.9.0000.5045) and was approved by
the Research Ethics Committee (appraisement report number

1690479). All the determinations of Resolution 466/12 of the
National Health Council, which deals with the guidelines and
norms regulating research involving human beings in Brazil,
were followed.

More information about the obedience of ethical com-
mandments can be obtained using the ethical appreciation
and the appraisement report numbers on the website http://
plataformabrasil.saude.gov.br/login.jsf.

Results
Among the 36 subjects involved in this study, 6 participants who
did not fully observe the study protocol were excluded. In total,
30 male students finished the study. All groups were similar

http://plataformabrasil.saude.gov.br/login.jsf
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Table 1: Group characterization at the pre-intervention moment

Placebo (N = 10) G3 (N = 10) G5 (N = 10) P∗

Age (years) 21.6 ± 3.0 24.4 ± 6.1 21.4 ± 2.8 0.32
Weight (kg) 77.4 ± 10.4 79.4 ± 13.3 74.1 ± 9.5 0.55
Height(m) 1.78 ± 0.1 1.75 ± 0.1 1.76 ± 0.1 0.45
BMI (kg/m2) 24.2 ± 1.5 25.7 ± 3.0 24.0 ± 2.4 0.08

Data are presented as mean ± standard deviation. BMI, body mass index. (ANOVA).
∗Significant P < 0.05. (P < 0.05 shows that all groups are homogeneous).

Table 2: Laboratory data and novel renal biomarkers prior to creatine supplementation or placebo (baseline—pre)

Parameter Placebo (N = 10) G3 (N = 10) G5 (N = 10) P∗

Serum albumin (g/dl) 3.9 ± 1.1 3.8 ± 1.3 4 ± 0.8 0.103
Serum creatinine (mg/dl) 0.9 ± 0.2 0.7 ± 0.12 0.9 ± 0.21 0.170
Serum urea (mg/dl) 21.3 ± 7.9 24.6 ± 4.2 27.1 ± 8.4 0.938
eGFR (ml/min 1.73 m2) 128 ± 25 121 ± 16 124 ± 19 0.787
Proteinuria (mg/dl) 3.2 ± 1.4 2.9 ± 1.9 3.8 ± 1.8 0.101
Proteinuria (mg/g-Cr) 54.9 ± 42.8 75.9 ± 78.1 36.9 ± 23.1 0.901
Albuminuria (mg/L) 6.9 ± 0.65 6.6 ± 0.5 6.1 ± 0.5 0.319
uKIM-1 (pg/ml) 43 (22–157) 63 (26–140) 68 (20–169) 0.432
uKIM-1 (pg/mg-Cr) 85 (69–117) 117 (81–298) 87 (25–177) 0.827
MCP-1 (pg/ml) 55 (31–108) 35 (23–43) 42 (29–100) 0.575
MCP-1 (pg/mg-Cr) 69 (28–112) 94 (40–147) 52 (29–122) 0.794

Data are presented as mean ± standard deviation or as median and interquartile range in parenthesis. eGFR, estimated glomerular filtration rate using the CKD-EPI
formula; uKIM-1, urinary kidney injury molecule-1; uMCP-1, urinary monocyte chemotactic protein-1. ANOVA for normal data and Kruskal–Wallis test for non-normal
data.
∗Significant P < 0.05. (P > 0.05 shows that all groups are homogeneous).

Table 3: Reference values for the investigated parameters

Renal parameter Reference value

Serum albumin (g/dl) 3.5 to 5 g/dl∗
Serum creatinine (mg/dl) 0.7 to 1.3 mg/dl∗
Serum urea (mg/dl) 16 to 40 mg/dl∗
eGFR (ml/min 1.73 m2) 90–138 (Male)∗
Proteinuria (mg/dl) 1.0 to 15.0 mg/dl∗
Proteinuria (mg/g-Cr) <150 mg/g-Cr∗
Albuminuria (mg/L) <30 mg/l∗
uKIM-1 (pg/ml) N/D
uKIM-1 (pg/mg-Cr) N/D
MCP-1 (pg/ml) N/D
MCP-1 (pg/mg-Cr) N/D

eGFR, estimated glomerular filtration rate using CKD-EPI formula; uKIM-1,
urinary kidney injury molecule-1; uMCP-1, urinary monocyte chemotactic
protein-1; N/D, not defined value.
∗The data is based on the Brazilian consensus for standardization.

regarding age, weight, height, and BMI (Table 1). Traditional lab-
oratory parameters and new kidney biomarkers levels were also
homogenous for the three groups at baseline (Table 2).

Moreover, after 35 days of creatine supplementation, there
was no significant difference in the parameters evaluated among
the groups, including serum creatinine, eGFR, and more sensitive
kidney biomarker levels (KIM-1 and MCP-1) (Table 4).

When comparing the values found at baseline (Table 2) and
post-supplementation (Table 4) against normal reference values
(Table 3), one can conclude that renal function in all groups was
normal at both times, before and after 35 days of CS or placebo.

The paired analysis (Table 4) investigated the intragroup dif-
ference, for the three groups, between different times pre- and
post-CS or placebo. A significant increase in serum creatinine
levels was found for the groups supplemented with creatine (G3

and G5) (P < 0.05). As the eGFR was estimated based on serum
creatinine, these groups also showed a significant decrease in
the estimated glomerular filtration rate after 35 days of inter-
vention. However, it is important to note that even with signifi-
cant changes between pre- and post-supplementation moments,
serum creatinine and eGFR still remained within the normal
reference values (serum creatinine between 0.7–1.3 mg/dl and
eGFR > 90 ml/min 1.73 m2. Also in the supplemented groups,
the paired analysis did not show any change in KIM-1 and MCP-1
levels when evaluated as total excreted value, as well as urinary
creatinine ratio. The placebo group did not show any changes.

Discussion
Creatine is a natural nutrient, which is endogenously synthe-
sized by humans in small amounts (1 g/day) by the liver and kid-
neys from the amino acids glycine, methionine, and arginine [9,
25]. The phosphorylated form plays an important role in increas-
ing the turnover of adenosine triphosphate (ATP) [15]. Thus,
creatine has great influence in providing rapid energy (anaerobic
alactic metabolism) for muscle contraction, since the phospho-
creatine compound is able to donate its phosphate group to
adenosine diphosphate (ADP) and, therefore, rapidly resynthe-
size adenosine triphosphate (ATP) [9, 26]. A previous study by our
research group also confirmed this fact and demonstrated that
creatine supplementation, even at low doses and without the use
of the loading phase, is effective for increasing maximal strength
and endurance of upper limbs [27].

Several studies have shown that CS might be safe for renal
function [10–17], including a recent systematic review and meta-
analysis [28]. However, in addition to the work of Kuehl [5] and
Pritchard and Kalra [6], studies in animal models have demon-
strated severe renal function loss in rats supplemented with
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Table 4: Paired analysis (before and after 35 days of creatine supplementation or placebo)

Placebo G3 G5

Pre Post 35 days P∗ Pre Post 35 days P∗ Pre Post 35 days P∗

Serum albumin (g/dl) 3.9 ± 1.1 3.9 ± 0.4 0.657 3.8 ± 1.3 3.6 ± 0.7 0.270 4 ± 0.8 4 ± 0.3 0.754

Serum creatinine (mg/dl) 0.9 ± 0.2 1.0 ± 0.2 0.605 0.7 ± 0.12 1.1 ± 0.2 0.025∗ 0.9 ± 0.21 1.3 ± 0.3 0.001∗
Serum urea (mg/dl) 21.3 ± 7.9 28 ± 7.8 0.338 24.6 ± 4.2 27 ± 9.6 0.467 27.1 ± 8.4 28.5 ± 10.2 0.386

eGFR (ml/min 1.73 m2) 128 ± 25 119 ± 21 0.055 121 ± 16 96 ± 14 0.010∗ 124 ± 19 99 ± 12 0.025∗
Proteinuria (mg/dl) 3.2 ± 1.4 3 ± 1.5 0.690 2.9 ± 1.9 3.1 ± 1.6 0.767 3.8 ± 1.8 5.5 ± 4.4 0.231

Proteinuria (mg/g-Cr) 54.9 ± 42.8 39.4 ± 19.9 0.356 75.9 ± 78.1 43.2 ± 28.7 0.302 36.9 ± 23.1 45.1 ± 33.9 0.440

Albuminuria (mg/l) 6.9 ± 0.65 7.9 ± 0.61 0.283 6.6 ± 0.5 7.1 ± 0.6 0.093 6.1 ± 0.5 7.1 ± 0.3 0.210

uKIM-1 (pg/ml) 43 (22–157) 68 (22–181) 0.744 63 (26–140) 84 (48–243) 1.000 68 (20–169) 130 (96–250) 0.374

uKIM-1 (pg/mg-Cr) 85 (69–117) 111 (29–166) 0.479 117 (81–298) 142 (84–171) 0.173 87 (25–177) 144 (68–188) 0.173

MCP-1 (pg/ml) 55 (31–108) 40 (0–96) 0.369 35 (23–43) 34 (14–57) 0.441 42 (29–100) 54 (21–105) 0.767

MCP-1 (pg/mg-Cr) 69 (28–112) 60 (0–77) 0.466 94 (40–147) 41 (23–57) 0.069 52 (29–122) 48 (20–74) 0.484

Data are presented as mean ± standard deviation or as median and interquartile range in parenthesis. eGFR, estimated glomerular filtration rate using the CKD-
EPI formula; uKIM-1, urinary kidney injury molecule-1; uMCP-1, urinary monocyte chemotactic protein-1. Paired t-test for normal data and Wilcoxon test for non-
normal data.
∗Significant P < 0.05, after 35 days (post-intervention) vs. pre (baseline).

creatine [7–9]. Edmund et al. observed the exacerbation of disease
progression in an animal model of cystic renal disease, using a
creatine daily dose of 0.30 g/kg of body weight during the loading
phase (week 1) and 0.03–0.05 g/kg in the remaining weeks of
the study. This protocol simulating typical supplemented human
intake level is based on body weight (21 g/day loading dose and
3 g/day maintenance dose for a 70-kg man) [7]. On the other
hand, Souza et al. found evidence of impaired kidney function
in healthy animals; however, the dose used, considering a body
weight basis, was about 15 to 20 times higher than the creatine
dose normally used by humans [9].

The major limitation of all these studies is associated with
the use of creatinine as a key marker of renal function deteriora-
tion. Unfortunately, despite being the standard renal biomarker
in clinical practice, serum creatinine has a few limitations. Its
concentration may vary considerably according to gender, age,
lean mass, physical exercise, muscle metabolism, body weight,
nutritional status, and hydration status [18]. Another problem is
that renal disease is normally diagnosed only when it is already
fully established, with clear clinical signs, symptoms, and/or
laboratory abnormalities [18, 29, 30]. Serum creatinine, e.g., will
only be outside the reference values when renal function is
already severely reduced, with at least 50% loss of glomerular
function [30]. Thus, creatine supplementation can alter serum
creatinine levels and may contribute as a false indicator of kidney
injury. Serum creatinine levels most likely do not indicate kidney
injury following creatine supplementation [28].

Thus, in an attempt to overcome all of these limitations, our
study investigated the standard markers of renal function and,
unprecedented to the best of our knowledge for subjects on CS,
also investigated two new biomolecules recognized as reliable,
early, and sensitive markers of renal function decline, i.e. KIM-1
and MCP-1 [31–33].

Dose–response relationship and proposal mechanism of
toxicity or kidney injury

It has been demonstrated that oral supplementation with cre-
atine monohydrate increases the total amount of muscle cre-
atine (TCr), as well as free creatine (FCr) and phosphocreatine
(PCr) [2, 34]. Creatinine is a residual metabolite of creatine, and
the transformation of creatine into creatinine occurs in muscle
tissue, where between 1 and 2% of free creatine spontaneously
and irreversibly converts into creatinine daily [30, 35]. Regarding
renal physiology, it is known that the main route of creatine and

creatinine excretion is through urine [36, 37] and that creatinine
needs to be filtered in the glomerulus, being actively secreted by
the renal tubules [30, 35].

Glomerular hyperfiltration has been defined either as
an atypically high glomerular filtration rate (GFR), increased
filtration fraction, or as increased filtration per nephron.
Increased filtration per nephron occurs as an adaptive response
to nephron loss and leads to glomerular hypertension and
subsequent glomerulosclerosis, with progressive renal function
decline [38]. Therefore, it should be noted that eventually, even
when there is a decrease in the number of nephrons, the GFR may
remain clinically stable. This occurs because of a compensatory
mechanism in each nephron due to increased pressure filtration
or glomerular hypertrophy, which invariably leads to glomerular
hyperfiltration [39].

Regarding tubular damage, interstitial nephritis and acute
tubular necrosis have been reported in a few case reports.
Ardalan et al. reported the case of a healthy man with no personal
or family history of kidney disease and a history of creatine use
for only 3 weeks (dose of 20 g/day for 3 days and maintenance
dose of 1 g/day for 3 weeks). The author associated the creatine
consumption with development of renal dysfunction and
interstitial nephritis with acute tubular necrosis. The renal
function was recovered after stopping the creatine supplement
and starting treatment with corticosteroids [40]. Similarly, Koshy
et al. presented a case of a healthy 20-year-old man with a 4-day
history of nausea, vomiting, and bilateral flank pain that started
after ∼4 weeks on creatine supplementation (5 g/day). A renal
biopsy showed acute focal interstitial nephritis and focal tubular
injury. After being hospitalized and treated with intravenous
fluid and pain medication, the patient’s blood pressure, serum
creatinine concentration, and urinalysis were normalized [41].

Thus, it is possible to propose that, in theory, creatine supple-
mentation might induce increased filtration (hyperfiltration) of
creatinine by the glomeruli and increased secretion (hypersecre-
tion) of creatinine through the renal tubules. Both mechanisms
have a strong tendency to develop into kidney injury and failure
and would be dose-dependent, i.e. the higher the dose of crea-
tine administered, the greater the need for hyperfiltration and
hypersecretion.

Traditional renal evaluation

Our results did not show any significant difference between the
placebo group or supplemented groups (G3 and G5). The three
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groups were homogeneous for all traditional renal parameters
(serum albumin, serum creatinine, serum urea, eGFR, protein-
uria, and albuminuria) at both times: pre- (baseline) and post-
supplementation (after 35 days of CS or placebo).

However, when analyzing each group individually (paired
analysis), a significant increase in serum creatinine and a
decrease in eGFR were observed after 35 days of intervention
(Table 4), exclusively in the CS groups (G3 and G5). Other
experiments with human beings also found similar results and
concluded that there was no renal function impairment, despite
increased serum creatinine and decreased eGFR [13, 15, 16].

These findings can be explained by the fact that serum creati-
nine concentrations vary considerably due to gender, age, muscle
mass, muscle metabolism, body weight, nutritional status, and
hydration status [18]. Moreover, it is important to note that in
our study, despite a significant increase in serum creatinine and
a decrease in eGFR, the values found after 35 days of CS (G3 and
G5 groups) still were within the normality reference range (serum
creatinine between 0.7 and 1.3 mg/dl and eGFR between 90 and
138 ml/min 1.73 m2).

However, when considering the assessment of renal function,
we cannot disregard creatinine clearance. It is a fact that creati-
nine clearance, as it assesses the association between serum and
urinary creatinine, is capable of providing an excellent estimate
of GFR and, thus, constitutes an important indicator of kidney
overload or injury [42]. Unfortunately, our study was unable to
assess creatinine clearance.

Novel biomarkers of kidney injury

Considering the limitations in early diagnosis of renal function
decline, the study of and the search for sensitive molecules
capable of early detection of inflammation and renal function
loss became the focus of doctors and researchers worldwide [43].
For this purpose, two molecules seem very promising: urinary
KIM-1 and MCP-1. KIM-1 is a type I transmembrane glycoprotein.
It is a 104 kDa protein in its complete form, presenting a cyto-
plasmic and extracellular portion [32, 44, 45]. This molecule is
undetectable in healthy kidneys, but highly expressed in prox-
imal tubular cells in kidney injury. In urine samples, KIM-1
values increase in just 24 h after coronary epithelium injury-
induced AKI, while estimated glomerular filtration rate (eGFR)
takes 48 h to increase [46]. KIM-1 concentration is also absent in
other body cells, including other renal cells. These features make
this biomarker particularly reliable and highly specific for renal
tubular damage [31, 32].

Regarding KIM-1, our findings showed that the urinary con-
centrations of KIM-1 in the creatine supplemented groups (G3
and G5) did not differ from the results found in the placebo
group (Tables 2 and 3). Even the paired analysis (pre- versus post-
supplementation) did not show any significant difference for
KIM-1 values after 35 days of creatine supplementation with 3 g
or 5 g/day.

It is important to note that KIM-1 is still an experimental and
investigational biomarker and therefore there are no established
reference values for this molecule. However, several experiments,
performed in different contexts, have been successful in link-
ing/associating urinary KIM-1 concentration to numerous clin-
ical conditions of renal impairment, need for dialysis, and death.
The high specificity and sensitivity of KIM-1 in the early diag-
nosis of acute tubular kidney injury was also clearly evidenced
[47–50].

Our study also investigates MCP-1 levels. This molecule was
the first human CC chemokine described in the literature and is

probably one of the most researched chemokines in this family.
MCP-1 is a protein comprising 76 amino acids and also belongs
to the class of inflammatory chemokines [33]. As an inflam-
matory chemokine, MCP-1 has the ability to attract monocytes
in response to various pathological conditions. It is also able
to promote secretion of enzymes such as histamine and the
expression of vascular adhesion molecules from natural killer
cells, basophils, and T lymphocytes. Therefore, MCP-1 constitutes
an expressive pro-inflammatory factor [33] and has been shown
that can be synthesized by many kinds of kidney tissue cells,
including tubular epithelial, endothelial, mesangial cells, and
podocytes [51]. The presence of MCP-1 in urine was related to
early diagnosis of AKI, being related to values of NGAL in an
AKI-induced protocol. The values changed only 4 h after the
injury, demonstrating an important role in the early diagnosis
of AKI [52].

As occurred with KIM-1, our data did not show any difference
between the urinary concentration of MCP-1 in the CS groups (G3
and G5) and the results found in the placebo group (Tables 2 and
3). Even the paired analysis (pre- versus post-supplementation)
did not show any significant difference for MCP-1 values after
35 days of CS with 3 g or 5 g/day.

Similar to KIM-1, MCP-1 is still an experimental and investi-
gational biomarker, and therefore there are no established ref-
erence values for this molecule. However, several experiments
have been successful in demonstrating the association between
MCP-1 urinary levels and the development and progression of
renal inflammation and disease [53]. Therefore, the presence of
MCP-1 in urine and renal tissue has been detected and repeatedly
associated with diabetic nephropathy [54], crescentic glomeru-
lonephritis [55], nephrotic lupus nephritis [56], and membra-
noproliferative glomerulonephritis [57, 58].

Conclusion
The results of the present study indicate that the use of CS at
dose of 3 g and 5 g/day for a short period (35 days) did not
impair renal function or kidney health. The renal parameters
in supplemented groups did not show any differences when
compared with the placebo group. Even novel and sensitive renal
decline biomarkers (KIM- and MCP-1) did not show any evidence
of kidney injury or renal function decline.

Our data also shows that supplemented groups had increased
serum creatinine and decreased eGFR levels. However, the values
are still within the normal reference range. Therefore, in the
absence of renal function loss or kidney injury indicators, these
findings could be explained by increased creatine intake through
supplementation. Thus, it is possible to conclude that CS for a
short time and with doses between 3 g and 5 g/day seems to be
safe for healthy and active young male subjects.
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