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Abstract

Background: The effectiveness of creatine in treating Parkinson’s disease (PD) has not been conclusively
determined. Therefore, we performed a meta-analysis to address this issue.

Methods: The Cochrane Central Register of Controlled Trials, PUBMED, EMBASE, and other databases were
searched, and outcomes measured by the Total Unified Parkinson's Disease Rating Scale (UPDRS) and the Schwab &

England Scale were analyzed.

Results: Five randomized controlled trials (RCTs) were selected, and 1339 participants were included in the analysis.
There were no significant differences between the control and treatment groups in the total, mental, activities of daily
living (ADL), or motor UPDRS scores, but an improvement in Schwab & England Scale scores was observed.

Conclusions: Creatine has no observed benefit in PD patients, although more correlated studies are still needed.
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Background

Parkinson’s disease (PD) is a common, progressive, neu-
rodegenerative condition that causes both motor (stiff-
ness, slowness, rest tremor, and poor postural reflexes)
and non-motor symptoms (abnormalities in mood, cog-
nition, sleep, and autonomic function). The incidence of
PD ranges from 8 to 18 per 100,000 person-years [1],
and thus identifying effective drugs that can slow the
progression of PD is critical. PD is not purely a disorder
of the basal ganglia; it also has systemic causes. For
instance, a variety of mechanisms including oxidative
stress, excitotoxicity, apoptosis, and mitochondrial dys-
function can all contribute to PD [2, 3]. Additionally, dis-
ease pathogenesis results not only from the loss of
dopaminergic neurons in the substantia nigra pars com-
pacta but also from deposits of a-synuclein in the
peripheral nervous system and deterioration of small nerve
fibers [4]. Existing drugs such as levodopa, dopamine
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agonists, monoamine oxidase inhibitors (MAO-B inhibi-
tors), and catechol-O-methyltransferase inhibitors (COMT
inhibitors) are not completely effective in PD patients.
Therefore, neuroprotective agents such as creatine have in-
creasingly been considered for their potential efficacy [5-9].

Creatine is a natural compound that plays an im-
portant role in cellular energy homeostasis. It can be
converted to phosphocreatine [10], an energy inter-
mediate that can then transfer a phosphoryl group to
synthesize mitochondrial ATP. Creatine exhibits anti-
apoptotic, anti-excitotoxic and direct antioxidative
properties [5]. Previous studies have reported that
homocysteine accumulation may eventually lead to
peripheral nerve damage [11, 12] and that creatine
exhibits neuroprotective and antioxidant properties
[13] by reducing homocysteine levels [14]. Therefore,
creatine may be effective in treating neurodegenerative
diseases [15-17].

Previous studies have reported conflicting results
regarding the effect of creatine as a treatment for PD, and
it remains unclear whether creatine treatment can im-
prove clinical outcomes when compared with a placebo
[18-22]. Therefore, this meta-analysis was conducted to
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investigate the symptomatic efficacy of creatine versus pla-
cebo, analyzing outcomes assessed by the Unified Parkin-
son’s Disease Rating Scale (UPDRS) and the Schwab &
England Activities of Daily Living Scale.

Methods

Literature search

Two authors independently conducted a systematic litera-
ture search of multiple databases, including the Cochrane
Central Register of Controlled Trials, PUBMED, EMBASE,
and other sources, for studies published through October
2016. We also searched internet-based clinical trial re-
gistries, such as the clinical trial registry (Clinicaltrials.gov)
and the OpenGrey database (a system for information on
the gray literature in Europe). The following keywords and
MeSH terms were used: “creatine”, “Parkinson’s disease”,
and “randomized controlled trials”.

Study selection

Trials were included in our meta-analysis if they met all
the following criteria: (1) they were randomized, double-
blinded, controlled trials (RCTs); (2) the recruited pa-
tients met the UK Parkinson’s Disease Society Brain
Bank Clinical Diagnostic Criteria and their PD-MCI
diagnosis was based on the Criteria for the Diagnosis of
PD-MCI [23] formulated by the Movement Disorder So-
ciety (MDS) of the United States; (3) the intervention
therapies included creatine; and (4) the efficacy was
assessed by the UPDRS or the Schwab & England Scale.
Two of the authors independently applied these selec-
tion criteria to screen studies for eligibility.

Data extraction

The data were collected in two steps. First, the title
and abstract of each study were recorded, and studies
that were either clearly irrelevant or were duplicates
were removed. Second, the full text of articles that
passed the initial screening was retrieved, and the
eligibility of these studies for this meta-analysis was
determined after collecting the following information:
last name of the first author, year of publication,
study design details, methodological quality (assessed
using domain-based evaluations [Cochrane Handbook
8.3.1]), patient characteristics (including gender, age,
disease duration, and baseline disease severity), sam-
ple size, treatment dose, duration of treatment, and
study outcomes (changes in Mental UPDRS, activities
of daily living (ADL) UPDRS, Motor UPDRS, Total
UPDRS or Schwab & England scores). Multiple au-
thors were involved in the screening, and any dis-
agreements regarding eligibility were resolved through
careful discussion.
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Quality assessment

Two authors independently assessed the validity of each
study by determining the risk of bias according to the
Cochrane Handbook for Systematic Reviews of Interven-
tions (Version 5.1.0) [24]. Any disagreements in the
authors’ assessments were resolved though discussion.
Specifically, the studies were evaluated considering the fol-
lowing criteria: random sequence generation, allocation
sequence concealment, blinding of outcome assessment, in-
complete outcome data and other latent threats to validity.
The risk of bias was categorized as “high”, “unclear” or
“low”.

Level of evidence

We determined the quality of evidence in each study using
the Grades of Recommendation, Assessment, Development
and Evaluation (GRADE) approach. GRADE profiler 3.6
software (Cochrane Collaboration, http://tech.cochrane.org/
revman/other-resources/gradepro/download) was used to
create an evidence profile, and each study was charac-
terized as follows: (1) high quality (A), indicating that
further research was extremely unlikely to change our
confidence in the estimate of effect; (2) moderate
quality (B), indicating that further research was likely
to have an important impact on our effect estimate
and could change the estimate; (3) low quality (C), in-
dicating that further research was extremely likely to have
an important impact on our effect estimate and could
change the estimate; and (4) very low quality (or D), indi-
cating that we were extremely uncertain about the
estimate of effect.

Statistical analysis

The data analyses were performed using Review Manager
Software (Version 5.3). The mean changes from baseline
in the UPDRS scores and the Schwab & England Scale
scores were treated as continuous variables, and the
weighted mean differences (WMDs) with 95% confidence
intervals (CIs) were calculated as the difference between
the effects of creatine and placebo treatment. Heterogen-
eity, assessed by the standard Cochran Q and I-squared
measures, was determined by P < 0.10 or I-squared >50%
in each study. When there was homogeneity between tri-
als, a fixed-effect model approach was used to combine
the trial outcomes [25], while a random-effects model was
used in cases of heterogeneity [26].

Results

Search results and study characteristics

The search strategy initially identified 302 articles pub-
lished prior to October 2016. Twenty-three of these arti-
cles were selected, and the full papers were analyzed to
assess the efficacy and safety of creatine treatment in PD
patients. Of these 23 papers, 17 were excluded and 1
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304 potentially relevant references
identified through database searching

4_[2 records after duplicates removed ]

[302 records screened ]__[279 irrelevant references l

23 full-text articles
assessed for eligibility

18 full-text articles excluded, with reasons

1 was failed to find the full text by all means;

1 was not an RCT;

1 was an RCT but measure outcomes was not suitable;
2 were focus on the outcome of serum creatine kinase;
13 were review or a single case.

synthesis (meta-analysis)

5 studies included in quantitative ‘

criteria to select studies for this meta-analysis

Fig. 1 Assessing the risk of bias of the included studies. a A summary of the authors’ evaluation of the risk of bias criteria for each included study;
(b) A graph of the authors’ evaluation of each risk of bias criterion presented as percentages across all included studies Flow chart with inclusion

was incomplete, although it may have satisfied the inclu-
sion criteria [27], leaving 5 studies available for the final
analysis [[18-22]; Fig. 1]. The main characteristics of the
included studies and patient populations are summa-
rized in Table 1 and Table 2, respectively. In one study,
creatine was administered at a loading dose of 20 g/d for
6 days, followed by 2 g/d for 6 months and finally 4 g/d
for 2 years [21]. Another study combined creatine (10 g/d)
with coenzyme Q10 (300 mg/d) [18]. Patients in the other
3 studies all received 10 g/d of creatine [19, 20, 22]. Dis-
ease progression was primarily measured using the
UPDRS. Three of the five studies assessed disease pro-
gression using the Total, Mental, ADL, and Motor
UPDRS scores. One study used the Total UPDRS scores
only [20], and one study used the UPDRS Motor scores
only [18]. Two studies provided data based on the
Schwab & England scale [19, 22]. The assessment of risk

Table 1 Characteristics of the studies included in the meta-analysis

of bias among included studies was shown in the Fig. 2.
The meta-analyses of the studied outcomes were shown
in the Fig. 3.

The effect of Creatine vs. placebo treatment on Total
UPDRS scores

Four of the trials included in this analysis reported data
on the effects of creatine vs. placebo on Total UPDRS
scores [19-22]. As shown in Table 3, the pooled WMD
of the Total UPDRS scores at the end of the follow-up
period in patients who received creatine compared to
those who received placebo was -0.39 (95% CI = [-2.63,
1.85], P = 0.73), with no significant heterogeneity
(P = 0.13, I> = 47%); this finding indicating that creatine
treatment did not affect PD patients’ Total UPDRS
scores differently than placebo.

Author Year Method Country Participants Intervention(s) Outcomes
Control Placebo
NINDS [22] 2006 RCT USA 67 67 Creatine 10 g/d and Total UPDRS scores;
Minocycline 200 mg/d UPDRS I/1i/1l
Bender [21] 2006 RCT Germany 40 20 Creatine 4 g/d Total UPDRS scores;
UPDRS /1111l
NINDS [20] 2008 RCT USA 64 63 Creatine 10 g/d Total UPDRS scores;
Kieburtz [19] 2015 RCT Canada 477 478 Creatine 10 g/d Total UPDRS scores;
USA UPDRS I/1i/1ll
Schwab & England Scale
Li [18] 2015 RCT China 38 37 Creatine 10 g/d and UPDRS 1l

Coenzyme Q10 300 mg/d

Schwab & England Scale

RCT Randomized controlled trial, UPDRS Unified Parkinson’s Disease Rating Scale
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Table 2 Baseline characteristics of the patient populations
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Author Intervention(s)  Total UPDRS UPDRS UPDRS Hoehn & Yahr  Schwab & Follow-up  Disease
UPDRS Mental ADL Motor scale England scale  Duration  Duration
score score score score (months)  (years)

NINDS 2006 Creatine 10 g/d  239(9.07) 1.13(1.29) 633(3.07) 164(6.77) 1.43(0.5) 92.7(5.25) 12 Within 5 yrs

22 Placebo 22.8(963) 1.13(1.19) 6.03(345) 156(7.01) 1.46(0.5) 94.2(4.81)

Bender 2006  Creatine4 g/d ~ 274(11.7) 22(1.9) 8.1(4.6) 16.3(7.0) 24 Above 2 yrs
= Placebo 27407) 1615 7848) 1)

NINDS 2008 Creatine 10 g/d  23.9(9.07) 1.13(1.29) 633(3.07) 164(6.77) 1.43(0.5) 92.7(5.25) 18 Within 5 yrs
(201 Placebo 22.8(963) 1.13(1.19) 6.03(3.45) 6(7.01) 146(0.5) 94.2(4.81)

Kieburtz 2015  Creatine 10 g/d  26.5(11.7)  1.3(14) 7.3(4.0) 6 90.9(6.6) 60 Within 5 yrs
[19] Placebo 259(11) 1.3(1.4) 7.0(3.8) 17.6(8.1 914(6.3)

Li 2015
(18]

Creatine 10 g/d 17.5

Placebo

)

)

8) 18 Approximately 7.7 yrs
4)

Values: weighted mean difference (standard deviation)

The effect of Creatine vs. placebo treatment on UPDRS
mental scores

In three of the five studies [19, 21, 22], UPDRS Men-
tal scores were also used to assess the effects of cre-
atine vs. a placebo in patients with PD (Table 3). The
pooled WMD for UPDRS Mental scores at the end of
the follow-up period in patients who received creatine
compared to those who received placebo was -0.46
(95% CI = [-1.20, 0.29], P = 0.23) and was associated
with statistically significant heterogeneity (P = 0.0005,
I’ = 87%).

The effect of Creatine vs. placebo treatment on UPDRS
ADL scores

Data on the effect of creatine vs. placebo treatment on
UPDRS ADL scores were reported in threestudies [19,
21, 22]. As described in Table 3, the pooled WMD for
the scores at the end of the follow-up period in patients
who received creatine compared to those who received
placebo was 0.39 (95% CI = [-0.38, 1.17], P = 0.32), with
non-significant heterogeneity (P = 0.21, I* = 37%), indi-
cating that creatine treatment and placebo had similar
effects on PD patients’ UPDRS ADL scores.
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Fig. 2 Assessing the risk of bias of the included studies. (@) A summary of the authors’ evaluation of the risk of bias criteria for each included
study; (b) A graph of the authors' evaluation of each risk of bias criterion presented as percentages across all included studies
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Experimental Control

vie] ean d
Bender 14 10.22 20

Heterogeneity: Tau? = 2.41; Chi? = 5.70, df =3 (P =0.13); = 47%
Test for overall effect: Z = 0.34 (P = 0.73)

Test for overall effect: Z = 1.20 (P = 0.23)

Experimental Control
Gl O vle ean d ean d
Bender 2006 14 285 40 0.1 29 20
Kieburtz 2015 45 57 477 4 51 478
NINDS 2006 221 3.09 67 26 3.74 67
Total (95% CI) 584

Heterogeneity: Tau? = 0.18; Chi?=3.16, df =2 (P = 0.21); I? = 37%
Test for overall effect: Z = 1.00 (P = 0.32)

Heterogeneity: Tau? = 0.63; Chi? = 4.52, df = 3 (P = 0.21); I = 34%
Test for overall effect: Z=0.20 (P = 0.84)

Experimental Control

Study or Subgroup Mean SD Total Mean SD Total
Kieburtz 2015 16.8 28.3 477 148 26 478
NINDS 2006 -48 6.12 67 -7.6 859 67
Total (95% CI) 544 545

Heterogeneity: Tau? = 0.00; Chi*=0.13, df =1 (P =0.71); I? = 0%
Test for overall effect: Z = 2.42 (P = 0.02)

2006 9 7.86
Kieburtz 2015 11.3 1563 477 104 138 478 39.5%
NINDS 2006 56 8.69 67 839 09.76 67 26.3%
NINDS 2008 6.18 11.4 64 8.03 115 63  19.9%
Total (95% CI) 648 628 100.0%

b Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight
Bender 2006 -0.3 1.14 40 0.8 1.09 20 31.3%
Kieburtz 2015 1.2 1.9 477 1.1 1.8 478 37.6%
NINDS 2006 0.33 1.66 67 0.81 1.87 67 31.2%
Total (95% CI) 584 565 100.0%

Heterogeneity: Tau? = 0.37; Chi? = 15.21, df = 2 (P = 0.0005); I* = 87%

eign
19.3%
51.5%
29.2%

565 100.0%

d
Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight
Bender 2006 26 522 40 0.4 8.37 20 9.6%
Kieburtz 2015 56 10.2 477 53 9.8 478 44.2%
Li 2015 1.8 5.07 38 1.8 5.14 37 22.9%
NINDS 2006 3.27 6.65 67 5.34 6.82 67 23.3%
Total (95% CI) 622 602 100.0%

Weight
34.9%
65.1%

100.0%

Mean Difference
ndom, 95% CI

Mean Difference
IV, R 9

2.50 [-2.60, 7.60]
0.90 [-0.95, 2.75]
2.79[-5.92, 0.34]
-1.85[-5.83, 2.13]

-0.39 [-2.63, 1.85]

25

50 25 0 50
Favours [experimental] Favours [control]
Mean Difference Mean Difference
IV, Random, 95% CI 1V, Random, 95% CI
-1.10 [-1.69, -0.51] =
0.10[-0.13, 0.33]
-0.48 [-1.08, 0.12]
-0.46 [-1.20, 0.29]
-20 -10 0 10 20

Mean Difference

1.30 [-0.25, 2.85]
0.50 [-0.19, 1.19]
-0.39 [-1.55, 0.77]

0.39 [-0.38, 1.17]

Favours [experimental] Favours [control]

Mean Difference

Mean Difference
IV, Random, 95% CI

-10 \ 10

2.20 [-1.81, 6.21]
0.30 [-0.97, 1.57]
0.00 [-2.31, 2.31]
-2.07 [-4.35, 0.21]

-0.14 [1.47, 1.19]

Mean Difference
IV, Random, 95% CI

2.00 [-1.45, 5.45]
2.80 [0.27, 5.33]

2.52 [0.48, 4.56]

-20 0 20
Favours [experimental] Favours [control]
Mean Difference
1V, Random, 95% CI
-50 -25 0 25 50
Favours [experimental] Favours [control]
Mean Difference
1V, Random, 95% CI
-50 -25 0 25 50

Favours [experimental] Favours [control]

Fig. 3 The effect of creatine treatment versus placebo. (a) Change in Total UPDRS scores from baseline; (b) Change in UPDRS Mental
scores; (c) Change in UPDRS ADL scores; (d) Change in UPDRS Motor scores; (e) Change in Schwab & England Scale scores
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Table 3 Efficacy results

Page 6 of 9

Outcome Studies Participants Heterogeneity WMD (95% Cl
Total UPDRS score 1276 Chi?=570,df =3 (P=013); 1> = 47% —0.39 [-2.63, 1.85]
UPDRS Mental score 2 194 Chi? =208, df =1 (P=015); 1> = 52% —0.79 [-1.40, —0.18]
UPDRS ADL score 3 1149 Chi*? =3.16,df = 2 (P = 021); > = 37% 039 [-0.38, 1.17]
UPDRS Motor score 4 1224 Chi® = 452, df = 3 (P = 021); I = 34% ~0.14 [-147,1.19]
Schwab & England Scale score 2 1089 Chi?=013,df=1 (P =071); I° = 0% 2.52 (048, 4.56]

WMD: weighted mean difference; 95% Cl: 95% confidence interval

The effect of Creatine vs. placebo treatment on UPDRS
motor scores

Four of the studies [18, 19, 21, 22] explored the effects of
creatine vs. placebo treatment on UPDRS Motor scores
(Table 3) and found that the pooled WMD for UPDRS
Motor scores at the end of the follow-up period in patients
who received creatine compared to those who received pla-
cebo was -0.14 (95% CI = [-1.47, 1.19], P = 0.84), with
non-significant heterogeneity (P = 0.21, I* = 34%). This re-
sult suggested that creatine treatment did not have a
greater effect than placebo on PD patients.

The effect of Creatine vs. placebo treatment on Schwab &
England Scale scores

Two of the studies examined here [19, 22] explored the
effects of creatine vs. placebo treatment on Schwab & Eng-
land Scale scores (Table 3). The pooled WMD of Schwab &
England Scale scores at the end of the follow-up period in
patients who received creatine compared to those who
received placebo was 2.52 (95% CI = [0.48, 4.56], P = 0.02),
and the results showed statistically significant heterogeneity
(P = 071, 2 = 0%). These findings indicated that PD
patients who used creatine may have had a higher Schwab
& England Scale score than those who received the placebo.

Risk of bias in the included studies

The risk of bias of each parameter in each study was also
assessed (Fig. 2). One study [19] reported a high drop-out
rate (greater than 20%), and this attrition bias posed a high
risk. Overall, no studies were deemed completely free of
risk of bias. We also assessed the quality of evidence in
each study using the GRADE scale (Table 4).

Discussion

In our meta-analysis of five previously published papers, we
assessed the effectiveness of creatine treatment versus pla-
cebo in PD patients. We found no association between cre-
atine treatment and a decreased Total, Mental, ADL, or
Motor UPDRS score, but we did note a greater improve-
ment in Schwab & England Scale scores with use of creat-
ine compared to placebo; however, this last test was
included in 2 studies only. Both the UPDRS ADL and the
Schwab & England Scale assess whether patients show im-
provement in ADL; however, this analysis indicated

conflicting outcomes. Therefore, we believe that not
enough evidence exists to support the theory that creatine
can enhance ADL.

Conventional medications have been ineffective in cur-
ing PD to date, and creatine treatment has emerged as a
potential method for slowing the progression of PD.
Correlated basic studies have suggested that creatine does
have a positive effect on PD patients, and these initial re-
sults led to the initiation of multiple clinical trials [18—22].
However, consensus has not been reached on whether this
treatment is effective, which is what prompted this meta-
analysis. Our findings may provide clinicians with an alter-
native approach to treating PD. Although another meta-
analysis on this subject was performed by Xiao et al.
(2014) [28] and involved two RCTs with a total of 194
patients, the findings were unreliable because of the high
risk of bias, the small sample sizes and the short duration
of the eligible trials. The efficacy of creatine treatment for
PD requires data from clinical trials before any conclu-
sions can be reached. The systematic review conducted
here assessed the efficacy and safety of creatine as a
primary or adjuvant treatment for PD. We included five
RCTs [18-22] that had a total of 1339 patients and com-
pared creatine treatment with the administration of a
placebo. To evaluate the PD patients’ prognosis, we
assessed whether their UPDRS scores or Schwab &
England Scale scores had changed after treatment. We ad-
dressed the limitations of the previous meta-analysis by
performing a comprehensive and extensive literature
search that evaluated RCTs using appropriate criteria,
including a qualitative analysis of RCTs and the use of the
GRADE approach to determine the quality of evidence.
The quality of the studies was considered only moderate
or low based on the following parameters: [1] the included
trials were reported as randomized, double-blind trials but
did not provide additional details; [2] moderate variation
in baseline variables was observed among the studies; [3]
some comparisons exhibited heterogeneity; and [4] creat-
ine was used in combination with CoQ10 or minocycline
[18, 22]. The RCTs were generally of high quality,
although we did include RCTs that involved diverse risks.
Overall, the methodological quality of the 5 enrolled stud-
ies was considered good with respect to the most common
and relevant biases.
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Table 4 GRADE evidence profile for all included studies

The use of creatine compared to placebo for treating Parkinson’s Disease

Patient or population: Patients with Parkinson’s Disease
Settings: Primary and secondary care

Intervention: Various doses of creatine alone or combined with either coenzyme Q10 or minocycline

Illustrative comparative risks* (95% CI)

Assumed risk  Corresponding risk

Control Total UPDRS scores
Total UPDRS scores The mean Total UPDRS ~ WMD -0.67 987 ©HOO
Follow-up: mean 25.5 scores among the (-2.87t0 1.53) (4 studies)
Low 1,2,3,6
months intervention groups was
0.67 lower
(2.87 lower to 1.53 higher)
UPDRS Mental score The mean UPDRS Mental WMD -0.18 866 ©O00
Follow-up: mean 28 months score among the (-0.63 10 0.27) (3 studies)
Low 1,3,6
intervention groups was
0.18 lower
(0.63 lower to 0.27 higher)
UPDRS ADL scores The mean UPDRSADL ~ WMD 0.58 866 POBO
Follow-up: mean 28 months score among the (-0.19t0 1.36) (3 studies)

Moderate 1, 6
intervention groups was

0.58 higher

(0.19 lower to 1.36 higher)

UPDRS Motor scores The mean UPDRS Motor  WMD -0.06 1009 G600
Follow-up: mean 25.5 score among the (-1.67 to 1.55) (4 studies)
Low 1,4,6
months intervention groups was
0.06 lower
(1.67 lower to 1.55 higher)
Schwab & England scale The mean Schwab & WMD -0.55 1089 ©600
score England scale score among (-5.24 to 4.15) (2 studies)
Low 1,5,6
Follow-up: mean 30 months the intervention groups was
0.55 lower

(5.24 lower to 4.15 higher)

*Basis for the assumed risk (e.g., the median control group risk across studies) is provided in the footnotes. The corresponding risk (and its 95% confidence
interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl). CI: Confidence interval

GRADE Working Group categories for quality of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate
Very low quality: We are very uncertain about the estimate of effect

1 Evidence includes lack of allocation concealment and random sequence generation

2 A moderate variation in baseline variables between trials

3 The p value for heterogeneity was greater than 0.05, and I> was 50% in the comparison of four studies; however, the quality of the evidence was not
downgraded because it was considered low risk

4 Two trials [18, 22] used creatine combined with CoQ10 or minocycline as a co-intervention. The intervention was not confined to a single variation, which may
induce an indirect influence

5 The p value for heterogeneity was less than 0.05, and I was 79% in this comparison with 2 studies. The quality of the evidence was downgraded

for inconsistency

6 The rate of drop-outs in the trial [19] was high and greater than 20% (397/894 in the creatine group and 289/867 in the placebo group)
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Because the high number of patients enrolled in the study
by Kieburtz et al. [19] accounted for a large proportion of
our overall analytical sample (955/1339; 71.3%), a sensitivity
analysis was performed and found no evidence of signifi-
cant heterogeneity. We found that this single study did in-
fluence the overall outcome, resulting in a significant
decline in UPDRS Mental scores. Although a sensitivity
analysis was performed and found no evidence of signifi-
cant heterogeneity. This influence might be due to the large
sample size, the longer follow-up duration or the high rate
of drop-outs that had to be excluded. These and other con-
founding factors, such as follow-up duration, disease dur-
ation, and the baseline disease severity of the patients in
each study, are fully described in Table 2. The baseline char-
acteristics of the patient population were similar when ini-
tially assessed. Regarding follow-up duration, only the study
by Kieburtz et al. [19] lasted longer than 24 months. This
parameter, together with the high rate of drop-outs in that
same study, may account for the heterogeneity observed
when examining the UPDRS Mental scores. Additionally,
the disease duration in the study by Li et al. [18] was longer
than the duration reported in the other 4 studies, and this
discrepancy may or may not have contributed to the signifi-
cant heterogeneity observed.

There are some limitations to this meta-analysis. First,
although we included three more studies than Xiao et al.
(2014), the per-study and overall sample size remained
small. Second, the disease outcomes were primarily assessed
by the UPDRS and Schwab & England Scale, which may
not cover other potential treatment benefits for patients
with psychiatric and cognitive disorders. Finally, these stud-
ies lacked long-term assessments of key indicators, such as
5- or 10-year patient survival rates. Some of the trials were
quite heterogeneous, with several reasonable explanations
for this finding: [1] the trials used different doses of creatine;
[2] two of the trials [18, 22] used CoQ10 or minocycline as
a co-intervention; [3] all of the trials were reported as RCTs
but did not provide additional details; [4] the intervention
was not confined to a single variant, which may have had
indirect effects; and [5] one study [19] reported a high
drop-out rate (greater than 20%.)

Based on this meta-analysis, we believe that creatine
treatment is ineffective and that it has limited prospects as
a drug of choice for PD. The limited efficacy of creatine in
treating PD can be explained by several factors. First, the
cellular transport of this substance is constrained [29]. In
a previous study, after patients were treated with creatine
(3.4 g/d) for 4 weeks, brain creatine levels were only
slightly elevated [30]. Another factor is the insufficient
dose administered. Compared to rodents, which were
given 4 g of creatine per day in their food (133 g/kg),
humans who received the highest dose of 10 g of creatine
per day (0.15 g/kg for a 65-kg adult) still did not experi-
ence the same positive effects [21]. Moreover, in a study
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that involved mitochondrial dysfunction, creatine was
found to be significantly correlated with depression [31].
One study we included in this analysis found that patients
treated with creatine had a significantly better score on
the Mental UPDRS (P = 0.046) [21], while another found
that creatine combined with Coenzyme Q10 could delay
the decline in cognitive function of patients with PD, as
assessed by the Montreal Cognitive Assessment (MoCA)
[18]. Thus, in addition to focusing on the efficacy of creat-
ine in relieving the motor symptoms of PD, we should also
examine its effect on the psychiatric and cognitive
symptoms.

Although the effectiveness of creatine in improving
mitochondrial function has previously been demon-
strated, it showed no effect on PD patients in this ana-
lysis. Accordingly, we hypothesize that mitochondrial
dysfunction may play an indirect role in the develop-
ment of PD, which may be susceptible to many other
underlying but yet unknown factors. Therefore, the use
of other neuroprotective agents to treat PD should still
be investigated.

Conclusion

Creatine was not found to be effective in treating pa-
tients with PD, although more evidence is needed to de-
termine whether it can improve their ADL. In addition,
future studies that determine whether the drug might be
useful in treating psychiatric and cognitive disorders
should be conducted.
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