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Association of estimated glomerular filtration
rate with prostate cancer risk in a cross-ethnic
population: a Mendelian randomization study
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Abstract

Objective To investigate whether a causal relationship exists between the estimated glomerular filtration rate (EGFR)
and the occurrence of prostate cancer in East Asian and European populations and to determine if genetic factors
influence the association between the EGFR and prostate cancer risk.

Methods In this Mendelian randomization study, the existence of a causal relationship between the EGFR and
prostate cancer occurrence was assessed using five analytical techniques, including Mendelian randomization-Egger
regression (MR-Egger), calculation of the weighted median estimator (WME), the maximum likelihood ratio method,
the linear median weighting method and the random-effects inverse-variance weighting (IVW) method.

Results In the IVW model, no causal relationship was observed between the EGFR and prostate cancer in either the
East Asian or European populations.

Conclusions After excluding confounding factors and reverse causal associations using two-sample Mendelian
randomization, unbiased estimates were obtained, and there was no causal relationship between prostate cancer
and the EGFR in the East Asian or European populations. Therefore, for patients with suspected prostate cancer, it
is considered unnecessary to improve the detection of glomerular filtration rate, which will effectively reduce the
economic burden of patients.
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Introduction

Globally, prostate cancer has increasingly become

a high-risk oncological disease; it is the second most

common type of cancer in men and was the fifth lead-
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that several modifying factors may increase the risk
of prostate cancer, including certain nutritional fac-
tors, smoking, and being overweight, they have failed
to provide definitive evidence that they are risk factors
[2]. The identification of the risk factors prostate can-
cer is crucial for disease prevention and the develop-
ment of early screening protocols.

It is possible that renal function could influence the
pathophysiology of prostate cancer. Chronic kidney
disease is common, with a prevalence of approximately
5-15% in the general population in most developed
countries [3, 4].Even minor changes in the glomeru-
lar filtration rate can lead to a significantly higher risk
of experiencing complications such as cardiovascular
disease [5], infections [6], anemia [7], bone fractures
[8], and possibly cancer. Renal dysfunction leads to
the retention of metabolic waste and the disruption
of several signaling pathways associated with cancer,
including those involved with the regulation of the
immune system [9, 10], inflammation [11], and vas-
cular endothelial cell abnormalities [12]. Several clini-
cal studies have reported a strong correlation between
end-stage renal disease and tumor development [13,
14]. However, there is a lack of convincing evidence
to confirm whether non-end-stage renal disease leads
to an increased incidence of cancer, particularly pros-
tate cancer, which is currently the most prevalent can-
cer of the urinary tract. Although recent studies have
confirmed a higher detection rate of prostate cancer
in patients with abnormal renal function than in those
with normal renal function [15], some studies have
found no significant correlation between the estimated
glomerular filtration rate and the incidence of prostate
cancer [16]. This discrepancy may be related to dif-
ferences in the characteristics of the studies and the
populations involved. The presence of chronic kidney
disease could also be a potential confounding factor,
as those with the disease have greater access to cancer
screening than those who do not, and observational
studies have inferred the presence of a causal relation-
ship between renal dysfunction and prostate cancer
when it could in fact be merely correlational in nature.

To clarify whether the EGFR is a risk factor for pros-
tate cancer, this study aimed to determine whether a
causal relationship exists between the two variables
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using Mendelian randomization (MR), which is a pow-
erful analytical method for identifying causal relation-
ships between risk factors and diseases, with genetic
variability as an instrumental variable.

Materials and methods

Data sources and study design

A genome-wide association study (GWAS) was per-
formed to confirm that the exposure variable was the
EGFR and the outcome variable was prostate cancer.
Pooled GWAS data for the EGFR and prostate cancer
were obtained separately for the European and East
Asian populations. The GWAS data for the EGFR
in the European population were obtained from the
Genome-wide Association Study Consortium data-
base, which contained data from 76,511 samples with
a total of 7,892,788 single nucleotide polymorphisms
(SNPs). The GWAS EGFR data for the East Asian pop-
ulation were obtained from the Japan Biobank, which
contained data from 143,658 samples with 6,593,277
SNPs. For the European population, the GWAS data
for prostate cancer were obtained from the Prostate
Cancer Association Group to Investigate Cancer Asso-
ciated Alterations in the Genome (PRACTICAL) con-
sortium database, which contained a total of 140,254
samples(including 79,148 samples in the observa-
tion group and 61,106 samples in the control group).
The observation group was prostate cancer patients,
and the control group was healthy volunteers. In the
East Asian population. The GWAS data for prostate
cancer were obtained from the Japan Biobank, which
contained 109,347 samples, (including 5,408 samples
in the observation group and 103,939 samples in the
control group), with a total of 8,878,753 SNPs. Specific
brief information is shown in Table 1. The existence of
a causal relationship between the EGFR and prostate
cancer risk was assessed using the designed two-sam-
ple MR (TSMR) model.

Selection of instrumental variables

Genetically variable SNP loci with genome-wide sig-
nificance (P<5x10®) for the determination of the
EGFR were selected for pooling using R software.
The linkage disequilibrium parameter (r?) was set at a
threshold of 0.1, and a genetic distance of 1,000 kb was

Table 1 Summary of the GWAS DATA included in this two-sample mendelian randomization study

Exposure factors/outcome factors Data sources Total sample size Number
of SNPs
GWAS data on the EGFR in European populations GWAS Consortium for Genome- 76,511 7,892,788
Wide Association Studies
GWAS data on the EGFR in East Asian populations Biobank Japan 143,658 6,593,277
GWAS data on prostate cancer in European populations PRACTICAL Alliance 140,254 20,346,368
GWAS data on prostate cancer in East Asian populations Biobank Japan 109,347 8,878,753
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used to select SNPs; these parameters were selected
to ensure independence and to prevent linkage dis-
equilibrium (LD) from influencing the results. The
remaining SNPs were retrieved from the Human Gen-
otype-Phenotype Association Database, with a focus
on excluding phenotypes associated with SNPs were
associated with prostate cancer, as well as those that
met the following criteria: (1) a significant association
with the exposure variable; (2) no association with the
outcome variable; and (3) no association with con-
founding factors. GWAS information on the outcomes
of prostate cancer was extracted, and we combined
exposure and outcome datasets. The remaining SNPs
represented the final instrumental variables referring
to the exposure variable.

TSMR methods

The TSMR was conducted using the following five
methods: (1) MR-Egger regression (MR-Egger); (2) the
weighted median estimator (WME) method; (3) ran-
dom-effects inverse-variance weighting (IVW) model-
ing; (4) the maximum likelihood ratio method; and (5)
the linear median weighting method.

Sensitivity analysis

Cochran’s Q test was performed using the MR package
in R software(version4.2.3) for SNPs that met the three
hypotheses in order to assess heterogeneity between
individual genetic variants. Such heterogeneity was
defined as P<0.05 in Cochran’s Q test, indicating that
the relationship between the exposure and outcome
variable was influenced by other factors such as age
and sex According to the final MR results, the gold
standard is the IVW random-effects model; otherwise,
as a gold standard, the IVW fixed-effects model was
used, and the degree of heterogeneity was depicted
visually using forest plots. The MR-Egger intercept test
and the MR Pleitropy RESidual Sum and Outlier (MR-
PRESSO) test were conducted to test for violations of
the MR assumptions due to horizontal multi-effects.
For the MR-Egger intercept method, the cut-off value
estimates whether a selected instrumental variable
(in this case, genetic variability) significantly affects
an outcome through alternative pathways that do
not involve the exposure variable, with P<0.05 indi-
cating the presence of horizontal pleiotropy. In this
method, P>0.05 indicated that the exposure did not
significantly affect the outcomes through alternative
pathways. The leave-one-out test was used for the sen-
sitivity analysis to determine whether any of the final
SNPs were outliers. The stability of the results was ver-
ified by examining the asymmetry in the funnel plot.
The MR-PRESSO method was subsequently used to
identify outliers and assess their impact on the results.
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Evaluation of instrumental variables

The F statistic was calculated to quantify the strength
of genetic variability, with F>10 indicating a strong
correlation. All methodological sections were obtained
using R4.2.3.

Results

Final instrumental variables in the TSMR

The genetically variable SNP loci with genome-wide
significance (P<5x107%) for the EGFR were selected
for pooling using R software. A threshold of 0.1 was
set for the linkage disequilibrium parameter (r?), and
a genetic distance of 1,000 kb was used. The SNPs
that simultaneously satisfied all three principles of
MR were screened. Initially, 47 SNPs were extracted
from the GWAS data for the EGFR in the European
population. Data for 47 SNP-related phenotypes were
retrieved based on the human genotype-phenotype
association database, excluding SNPs with corre-
sponding phenotypes that were relevant to prostate
cancer with significant correlations (#=0). The GWAS
information was extracted for prostate cancer as the
outcome, the exposure and outcome datasets were
combined, and echo SNPs were excluded, including
rs10515085, rs187355703, rs62021209, rs6711001,
rs72827901, rs744103, rs7735249, rs80282103, and
rs8096658, resulting in 38 remaining SNPs. The 38
remaining SNPs were selected as final instrumental
variables referring to exposure.

Subsequently, GWAS data on the EGFR in Asian
populations were extracted, and 22 SNPs were
included. Data for 47 SNP-related phenotypes were
retrieved from the human genotype-phenotype asso-
ciation database, excluding SNPs whose corresponding
phenotypes were relevant to prostate cancer (n=0).
GWAS information on the outcome of prostate cancer
was extracted, and the exposure and outcome data-
sets were combined, with no echo SNPs. The full set
of SNPs were used as the final instrumental variables
related to the exposure.

MR analysis

We have reviewed “Guidelines for Reporting of Statis-
tics for Clinical Research in Urology” to improve the
reporting of heterogeneity and diversity in this study
[17]. The MR analysis revealed that genetically pre-
dicted elevation of the EGFR was not associated with
an increased risk of prostate cancer, and the direc-
tion of the causal effect was consistent across the five
methods. The primary method of analysis, the IVW
method, revealed no statistically significant associa-
tion between an increased EGFR and European men’s
prostate cancer risk (odds ratio (OR)=1.0; 95% con-
fidence interval (CI)=0.9-1.0;,=0.6). The estimated
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association between an increased glomerular filtra-
tion rate and the risk of prostate cancer in the East
Asian population was not statistically significant
(OR=1.0;95% CI=0.9-1.0;P=0.6). Specific brief infor-
mation is shown in Figs. 1 and 2.

One-by-one elimination test

After the “leave-one-out” sensitivity analysis was con-
ducted using the IVW method, No SNPs that had a
greater impact on disease outcomes were found. Spe-
cific brief information is shown in Figs. 3 and 4. Funnel
plot shows that there is no directional pleiotropy. Spe-
cific brief information is shown in Figs. 5 and 6.

Discussion

Neoplasm remains the main killer worldwide [18-21].
There has been some controversy among past stud-
ies as to whether glomerular filtration rate is associ-
ated with the risk of prostate cancer. Another study
that included 3782 patients confirmed that glomeru-
lar filtration rate was a negative correlate of the per-
centage of free prostate-specific antigen, while a
percentage of free prostate-specific antigen<0.16 was
a high-risk factor for prostate cancer [22]. Bruun et al.
corroborated this view by performing regression anal-
ysis and confirmed a significant correlation between
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glomerular filtration rate and percentage of free pros-
tate-specific antigen [23].

Unlike the above studies, another undifferentiated
study denied the association between glomerular fil-
tration rate and the risk of prostate cancer develop-
ment, Kim et al. confirmed that the percentage of free
prostate-specific antigen was not correlated with glo-
merular filtration rate by correlation and multivariate
regression analyses of percentage of free prostate-
specific antigen, body mass index, prostate size, and
glomerular filtration rate of 91 patients with prostate
cancer [24]. Mok et al. quantified the relationship
between glomerular filtration rate and cancer risk
using a Cox regression model corrected for potential
confounders and confirmed that glomerular filtration
rate was not significantly associated with prostate can-
cer [25].

Given that current studies disagree on estimating
the relationship between glomerular filtration rate and
prostate cancer, the present study, in an effort to fur-
ther elucidate this issue, used a large GWAS database.
A total of 38 SNPs were screened in the European
population for associations with both the EGFR and
prostate cancer, and five complementary MR methods
were used to analyze the causal relationship between
the two variables.
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Fig. 1 Scatter plot of estimated glomerular filtration rate and prostate cancer in the European population
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Fig. 2 Scatter plot of estimated glomerular filtration rate and prostate cancer in an East Asian population
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Fig. 3 Graph of estimated glomerular filtration rate and prostate cancer retention in European populations
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Fig. 5 Funnel plot of estimated glomerular filtration rate and prostate cancer in an East Asian population
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Fig. 6 Estimated glomerular filtration rate and prostate cancer retention in East Asian populations

There are four main innovations in this study. First,
this study used the Two Sample MR package in R soft-
ware to integrate the screened SNP loci, to exclude
SNPs directly related to prostate cancer risk factors,
and to fully consider SNPs with a greater impact on
disease outcome and eliminate them. Second, using
strict quality control conditions and analytical tech-
niques, five complementary MR analysis methods were
used to explore the causal relationships between vari-
ables, and two different sensitivity analyses were con-
ducted to verify the robustness of the results. Third,
the use of MR methods minimized the potential influ-
ence of confounding factors and reverse causality on
the results. Fourth, the final results based on five Men-
delian randomization methods are consistent., with a
high degree of feasibility, confirming that there is no
causal relationship between the EGFR and prostate
cancer.

The study had some limitations. 1.the two-sample
MR method assumes that a linear relationship exists
between the exposure factor (EGFR) and the disease
outcome (prostate cancer), whereas the MR method
is not applicable if the relationship is non-linear2.

Database statistics are difficult to be stratified by gen-
der or age, which may lead to bias in the results of the
study.

In conclusion, the results of this study suggest that
there is no causal relationship between estimated glo-
merular filtration rate and prostate cancer and that
estimated glomerular filtration rate is not a risk fac-
tor for prostate cancer development, and screening for
prostate cancer in a population with an abnormal glo-
merular filtration rate has limited clinical relevance.

Abbreviations

EGFR Estimated glomerular filtration rate
MR-Egger Mendelian randomization-Egger regression
WME Weighted median estimator

VW Inverse-variance weighting

MR Mendelian randomization
Genome-wide association study

GWAS

SNPs Single nucleotide polymorphisms

PRACTICAL Prostate Cancer Association Group to Investigate Cancer
Associated Alterations in the Genome

TSMR Two-sample MR

LD Linkage disequilibrium

MR-PRESSO MR Pleitropy RESidual Sum and Outlier
OR Odds ratio
@ Confidence interval
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