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ABSTRACT
Background:  Creatine supplementation is ubiquitously consumed by fitness enthusiasts due to its 
perceived advantages in enhancing athletic performance. Although there is an increasing concern 
within this demographic regarding its possible impact on renal function, there is still a lack of 
rigorous scientific investigations into this alleged association.
Methods:  Data were collected through an online survey on the participants’ demographics, 
creatine usage and concerns related to renal function. The reliability and validity of the survey 
were assessed using SPSS software. A total of 1129 participants responded to the survey, and 
chi-square tests were utilized for data analysis. To explore the potential association between 
creatine levels (as the exposure) and renal function (as the outcome), we utilized open-access 
genetic databases, and Mendelian randomization (MR) techniques were used to confirm this 
correlation.
Results:  Chi-square analysis revealed no significant association between creatine usage and renal 
function among the participants. Our MR analysis further supported this finding, demonstrating 
no significant association between creatine levels and six indicators assessing renal function (IVW, 
all with p values exceeding 0.05). Similar p values were consistently observed across other MR 
methods, confirming the absence of a statistical correlation.
Conclusions:  This MR study offers compelling evidence indicating that creatine levels are not 
statistically associated with renal function, suggesting the potential to alleviate concerns within 
the fitness community and emphasizing the significance of evidence-based decision-making when 
considering nutritional supplementation.

Introduction

Creatine, an endogenous molecule synthesized within the 
human body, has attracted considerable attention in the field 
of sports nutrition and exercise physiology. As a dietary sup-
plement, creatine has been praised for its potential to 
enhance athletic performance, particularly in activities char-
acterized by high intensity and short duration, such as soccer 
and sprinting. Its effectiveness in increasing phosphocreatine 
stores in muscles, thereby facilitating rapid regeneration of 
adenosine triphosphate (ATP) during physical exertion, has 
been extensively documented in numerous studies. As a 
result, creatine supplementation has become a routine prac-
tice for many athletes and individuals involved in physical 
training, solidifying its status as one of the most commonly 
ergogenic aids used worldwide.

Renal function is a vital aspect of physiological well-being 
and refers to the kidneys’ capacity to filter blood, eliminate 
waste products, and regulate electrolyte balance. Impaired 
renal function can result in various health complications, 
including chronic kidney disease (CKD), hypertension, and, in 
severe instances, and kidney failure. The repercussions of 
compromised renal function are significant, posing substan-
tial risks of morbidity and mortality. Moreover, the economic 
and societal burdens associated with renal-related conditions 
are considerable, underscoring the imperative of preserving 
renal health.

The question of whether creatine supplementation affects 
renal function remains debatable in existing research. Some 
studies propose that high doses of creatine may have detri-
mental effects on renal function, particularly in individuals 
with preexisting renal conditions. Conversely, other research 
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suggests that consuming creatine at recommended doses 
does not result in renal damage in healthy individuals. Given 
the widespread use of creatine among athletes and fitness 
enthusiasts, a comprehensive understanding on the potential 
impacts of creatine supplementation on renal function is 
essential.

In this study, we hypothesized that creatine supplementa-
tion might adversely affect renal function. Considering that 
Mendelian Randomization (MR) can reveal causal relation-
ships between exposures and outcomes, bypassing many 
confounders and biases often present in observational stud-
ies, particularly when utilizing genetic variants as proxies, this 
study employs MR to investigate the possible link between 
creatine levels and renal function to address this growing 
concern within the fitness community.

Materials and methods

Survey design

Data collection was conducted through an online survey via 
Wenjuanxing (https://www.wjx.cn/vm/). The survey comprised 
31 questions, with respondents providing yes/no answers or 
selecting from predetermined response options. Participants 
were recruited using a random sampling approach at fitness 
centers via WeChat (https://weixin.qq.com/). To ensure partic-
ipant confidentiality, all responses were anonymized and 
aggregated for analysis. This study was approved by the 
Jiaxing Hospital of Traditional Chinese Medical, and partici-
pants provided informed consent before accessing the sur-
vey, indicating their voluntary participation.

Survey

The survey comprises five items divided into two main catego-
ries: (1) demographic information and creatine usage, and (2) 
scale questions covering awareness and usage of creatine, rea-
sons for use and barriers, effects and impacts, knowledge, and 
recommendations. We included questions regarding partici-
pants’ perceptions of their renal health, specifically asking if 
they have been diagnosed with any renal function issues by a 
healthcare provider and their general feelings about their 
renal health. Only respondents confirming creatine usage are 
eligible to answer the questions in part two. Validity analysis 
of the questionnaire was conducted using SPSS software. The 
factor analysis method, specifically rotational principal compo-
nent analysis, was employed to automatically screen the 
extracted factors. Cronbach’s alpha was utilized to evaluate the 
consistency and reliability of the questionnaire.

Statistical analysis

Comparisons between groups for normally distributed quan-
titative data were conducted using the independent samples 
t-test. Categorical data are presented as frequencies and per-
centages [n(%)]. A p value less than 0.05 was considered sta-
tistically significant.

Mendelian randomization research approach

Utilizing a two-sample MR technique, we examined the 
potential causal relationship between creatine levels and 
six indicators evaluating renal function. In MR, genetic 
variations serve as proxies for risk determinants. To ensure 
a valid causal interpretation through instrumental vari-
ables (IVs), three essential criteria must be met: (1) There 
must be a direct relationship between the genetic varia-
tion and the exposure; (2) There should be no association 
between the genetic variation and any confounders of the 
exposure-outcome relationship, and (3) The genetic varia-
tion must influence the outcome only through the 
exposure.

Genomic insights into creatine levels

Summary statistics regarding Creatine levels were obtained 
from Genome-wide association studies (GWAS), accessible via 
the designated repository (https://gwas.mrcieu.ac.uk/). This 
research conducted a GWAS analysis involving a cohort of 
291 individuals, assessing 6,847,545 distinct SNPs. The study 
population mainly comprised individuals of European 
descent.

Genomic analysis of renal function metrics

Summary statistics for six renal function metrics were 
retrieved from the recognized GWAS repository (https://gwas.
mrcieu.ac.uk/). The metrics used for renal function assess-
ment are as follows: (1) Serum creatinine levels: Analyzed in 
a GWAS with a cohort of 344,104 individuals, evaluating 
19,034,241 distinct SNPs; (2) Estimated glomerular filtration 
rate (eGFR): Studied in a GWAS with a cohort of 143,658 indi-
viduals, evaluating 5,961,601 distinct SNPs; (3) Serum uric 
acid levels: Investigated in a GWAS with a cohort of 343,836 
individuals, evaluating 19,041,286 distinct SNP; (4) 
Microalbumin in urine: Examined in a GWAS with a cohort of 
3,036 individuals, evaluating 15,523,141 distinct SNPs; (5) 
Creatinine enzymatic in urine: Assessed in a GWAS with a 
cohort of 396,837 individuals, evaluating 10,783,704 distinct 
SNPs, and (6) Blood urea nitrogen levels: Investigated in a 
GWAS with a cohort of 344,052 individuals, evaluating 
19,049,084 distinct SNPs.

Instrumental variables (IVs) selection

Based on recent scientific findings, we set a significance level 
for IVs associated with each characteristic at 1 × 10 − 5. 
Utilizing the TwoSampleMR package in R, we optimized the 
selection of single nucleotide polymorphisms (SNPs). The 
clumping parameter was activated, with a secondary signifi-
cance level set at 1 × 10 − 5. We defined a criterion for linkage 
disequilibrium (LD) r^2 at 0.001 and specified a clumping 
proximity of 10,000 kb. To mitigate bias that could arise from 
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suboptimal instruments, we computed R^2 and F statistics 
for each SNP using the following formula:
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Here:

• βexposure represents the beta coefficient of exposure,
• eafexposure is the effect of allele frequency of 

exposure.
• seexposure represents the standard error of exposure.
• samplesizeexposure indicates the sample size of the 

exposure group.

We excluded SNPs with an F-statistic less than 10 from 
our analysis to avoid weak instrument bias, which can inflate 
type I error rates and yield unreliable estimates.

Statistical approach

Analyses were conducted using the R programming environ-
ment version 4.3.1 (Vienna, Austria). The causal relationship 
between Creatine levels and renal function was evaluated 
using methods, such as inverse variance weighting (IVW), 
weighted median, and mode-based techniques, primarily 
through the TwoSampleMR package. Heterogeneity among IVs 
was assessed using Cochran’s Q statistic, with a p value greater 
than 0.05 considered indicative of non-significant heterogene-
ity. In instances of significant heterogeneity, a random-effects 
IVW model was employed instead of the fixed-effects approach. 
The MR-Egger method was utilized to address potential hori-
zontal pleiotropy, with significance in its intercept indicating 
the presence of pleiotropy. The MR-PRESSO technique further 
refined the analysis by identifying and excluding potential 
pleiotropic outliers. Funnel plots were included to assess pub-
lication bias and validate the consistency and robustness of 
the results, respectively.

Results

Sample characteristics and use of creatine

The study comprised 1129 individuals and had a Cronbach’s 
α coefficient of 0.973 for the 31-item questionnaire. The 
validity analysis of the questionnaire was conducted using 
SPSS software, employing factor analysis through rotational 
principal component analysis. The results indicated high 
validity, as evidenced by characteristic root values, variance 
explanation rates, and cumulative variance explanation rates, 
all suggesting a clear factor structure and item attribution to 
each factor. The Kaiser–Meyer–Olkin (KMO) measure was 
0.974, indicating strong inter-variable correlations suitable for 

factor analysis. Additionally, Bartlett’s test of sphericity 
yielded a value of 83,245.626 with a significance level of 

0.000, indicating significant construct validity for the ques-
tionnaire (Raw questionnaire data in Supplemental Table S6).

Among the 1129 valid respondents, 92.03% were male, 
and 7.97% were female, indicating a male majority in the 
survey. Among these respondents, 968 (85.74%) were aware 
of creatine, while 161 (14.26%) were unaware. Of those 
aware, only 29.55% reported using creatine.

Further analysis on the association between creatine use 
and renal function revealed a chi-square statistic (χ2) of 0.96 
(p = 0.619), indicating no significant difference in renal func-
tion between creatine users and non-users. Additionally, the 
analysis revealed that there are no significant differences in 
creatine usage based on age groups or gender (p > 0.05). 
However, creatine users reported a significantly lower BMI 
compared to non-users (χ2 = 136.41, p < 0.001, degrees of 
freedom = 5), suggesting that creatine may have a positive 
effect on BMI reduction (Supplemental Table S7).

Probing the impact of creatine levels on renal function

Based on the predefined criteria for selecting IVs, a compre-
hensive set of 114 SNPs was utilized as IVs in this study. The 
detailed information regarding these selected SNPs and their 
characteristics are shown in Supplemental Table S1.

Investigations into the causal relationship between cre-
atine levels and the risk of renal function were based on the 
potential implications of creatine supplementation and were 
assessed using various MR methodologies. The data obtained 
from the Inverse Variance Weighted (IVW) method did not 
demonstrate a significant correlation between creatine levels 
and the risk of six indicators evaluating renal function. 
Supplementary MR techniques also revealed no association, 
displaying varying degrees of statistical significance, as illus-
trated in Figure 1 and Supplemental Table S2.

The results of Cochran’s IVW Q test indicated a lack of sig-
nificant heterogeneity among the IVs (Supplemental Table 
S3). Moreover, the MR-Egger regression intercept analysis did 
not show any significant directional horizontal pleiotropy 
(Supplemental Table S4). Additionally, the MR-PRESSO global 
test did not identify any significant outliers (Supplemental 
Table S5), implying a minimal presence of horizontal pleiot-
ropy in the association.

Discussion

The complex interplay between creatine levels and renal 
function has garnered significant attention from both the fit-
ness and medical communities. In this study, we conducted 
a comprehensive survey among fitness center attendees to 
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assess a broad range of experiences and perceptions regard-
ing creatine usage and its perceived effects on renal func-
tion. We combined this observational data with MR analysis, 
which offers a genetic basis that enhances our understand-
ing of the biological causality behind these observations. 
This integrative approach leverages both immediate 
community-based perceptions and robust genetic insights, 
providing a scientifically comprehensive perspective on the 
potential causal relationships. This methodology enriches the 
depth and credibility of the obtained results and strengthens 
the validity of our findings.

In this study, we used six different biomarkers, which 
included blood urea nitrogen, urinary creatinine enzymatic, 
eGFR, urinary microalbumin, serum creatinine, and serum 
uric acid levels, to comprehensively evaluate renal function, 
with each biomarker offering a unique perspective on kidney 
function, collectively providing a robust framework for assess-
ing renal health. Particularly noteworthy is the combined use 
of blood urea nitrogen, urinary microalbumin, and eGFR, 
which is essential for the early detection of kidney damage, 
underscoring their clinical significance. Moreover, monitoring 
serum uric acid levels is crucial for identifying potential renal 
alterations, especially in the context of metabolic syndromes.

Several studies have investigated the relationship between 
creatine supplementation and renal function. For instance, an 
investigation on the common misconceptions about creatine 

supplementation was conducted and confirmed the link 
between creatine intake and renal function. However, the 
causal nature of these associations has remained largely 
unexplored. Herein, our results, which indicate no significant 
causal link between creatine levels and renal function, align 
with the associative patterns observed in previous research 
and provide a causal perspective. This causal insight refines 
the existing results, providing a clearer understanding of the 
role of creatine in renal function risk. Our findings also sug-
gest that concerns regarding creatine supplementation as a 
potential trigger for renal issues may not be justified, which 
could potentially alleviate apprehensions within the fitness 
community, promoting evidence-based decision-making 
regarding creatine supplementation.

The rigorous methodological framework, utilizing a 
two-sample MR approach, stands as a pivotal strength of this 
study, bolstering the validity of the causal inferences drawn. 
However, like all research endeavors, this study has its limita-
tions. The applicability of the findings might be restricted to 
specific demographic groups, highlighting the need for fur-
ther investigations across a wider demographic spectrum. 
While the survey method of self-reporting renal function pro-
vides valuable insights into participants’ behaviors and per-
ceptions, it inherently carries limitations due to its reliance 
on respondents’ subjective feelings and personal health 
awareness. This reliance may introduce biases as individuals 

Figure 1. Forest Plots showed the causal associations between creatine levels and six indicators evaluating renal function traits. iVW: inverse variance 
weighting; Ci: confidence interval.
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could underestimate or overestimate their health issues 
based on personal judgment or lack of medical knowledge.

Taken together, this study provides important insights 
into the growing literature on the relationship between cre-
atine and renal function by shedding light on the causal 
dynamics, highlighting the importance of evidence-based 
approaches for understanding the implications of creatine 
supplementation and marking a significant advancement 
toward informed decision-making in both fitness supplemen-
tation and renal health.

Conclusions

In conclusion, this study elucidates the potential causal rela-
tionship between creatine levels and the risk of renal func-
tion, revealing no significant association between the two. By 
combining survey data with MR analysis, we offer a compre-
hensive assessment that aligns public perceptions with 
genetic causality. These findings alleviate concerns within the 
fitness community regarding creatine supplementation as a 
trigger for renal issues. The results highlight the importance 
of evidence-based decision-making in both fitness supple-
mentation and renal health. Through comprehensive assess-
ments of the creatine-renal function etiological connection, 
this study contributes to the broader efforts of promoting 
informed health choices among fitness enthusiasts and indi-
viduals predisposed to renal issues.
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