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Abstract
Background  No authoritative books or guidelines are currently available for revealing the interrelationships of 
prostatitis, benign prostatic hyperplasia (BPH), and prostate cancer (PCa). Moreover, no consensus on this issue has 
been reached among previously published epidemiological studies or meta-analyses.

Purpose  We first took advantage of Mendelian randomization to clarify this issue and provide clinical implications for 
these patients’ populations.

Methods  Bidirectional two-sample and mediator Mendelian randomization were applied to explore the causal 
relationships among prostatitis, BPH, and PCa. Sensitivity analyses, including phenotype scanning, heterogeneity, 
pleiotropy, leave-one-out analysis, and the Steiger test, were conducted to evaluate the robustness and reliability of 
our results.

Results  Our results revealed the interrelationships among prostatitis, BPH, and PCa via Mendelian randomization, 
confirming that genetic susceptibility to prostatitis or BPH could lead to increased risks of PCa directly or indirectly 
(P < 0.05). Moreover, mediator Mendelian randomization revealed four potential mediator pathways, including the 
prostatitis-BPH-PCa, the BPH-PCa-prostatitis, the PCa-prostatitis-BPH, and the PCa-BPH-prostatitis pathways. Based 
on these, we also provided clinical implications for prostatitis, BPH, and PCa patients’ populations, respectively. 
Interestingly, a total of three vicious circles were revealed by us, including the prostatitis-BPH circle, the BPH-PCa circle, 
and the prostatitis-BPH-PCa circle. All of these three vicious circles contributed to the progression of benign prostate 
diseases to malignant diseases.
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Introduction
Prostate diseases, including prostatitis, benign pros-
tatic hyperplasia (BPH), and prostate cancer (PCa), are 
highly prevalent conditions affecting a sizable popula-
tion of men globally [1]. As the malignant form of pros-
tate disorders, PCa ranks as the second leading cause of 
cancer-related incidences and the fifth leading cause of 
cancer-related mortalities in the male population world-
wide, based on the Global Cancer Statistics 2020 [2]. As 
a serious threat to the public and the aging male popu-
lation globally, PCa so far has identified various epide-
miology and risk factors, including age, smoking, family 
history, physical activity, etc [3]. Unexpectedly, prostati-
tis, or BPH, was also listed among them, although debates 
still existed [4, 5]. Actually, no authoritative books or 
guidelines are currently available for revealing their inter-
relationships. Therefore, a growing number of epidemio-
logical studies or meta-analyses have made attempts to 
clarify this issue [6–8]. Due to the limitations of these 
methods, their conclusions remained controversial and 
incomplete, along with this issue being one of the most 
common tough questions for urologists in the face of 
accumulating inquiries from their patients suffering from 
prostate diseases.

Mendelian randomization, as a powerful and useful 
tool, utilizes genetic variants as instrumental variables 
to investigate causal relationships between exposures 
and outcomes, widely applied in tumor and non-tumor 
diseases [9–11]. There are various forms of Mendelian 
randomization, including two-sample Mendelian ran-
domization [12], mediator Mendelian randomization 

[13], bidirectional Mendelian randomization, etc [14]. 
Zhong et al. applied two-sample Mendelian randomiza-
tion to identify new blood metabolites linked to pancre-
atic ductal adenocarcinoma risks [15]. A bidirectional 
Mendelian randomization analysis by Dong et al. sug-
gested that COVID-19 hospitalization would increase the 
risk of glioblastoma development [16]. Mediator Mende-
lian randomization emphasized the crucial roles of edu-
cation in the relationships among income and smoking 
[17]. Obviously, Mendelian randomization seems to be 
more effective and comprehensive than epidemiological 
studies and meta-analyses at revealing the interrelation-
ships of prostatitis, BPH, and PCa. Hence, in this arti-
cle, we also performed Mendelian randomization using 
genome-wide association study data to explore the causal 
relationships among prostatitis, BPH, and PCa, providing 
clinical implications for these patients’ populations and 
guiding clinical decision-making.

Materials and methods
Study design and data sources
The whole study design was detailed in Fig. 1, based on 
three basic Mendelian randomization assumptions [18]. 
In this article, we integrated two-sample Mendelian 
randomization and mediator Mendelian randomiza-
tion to reveal the interrelationships of prostatitis, BPH, 
and PCa. The detailed information of these data sources 
was summarized in Table S1. In the discovery dataset, 
Prostatitis (GWAS ID: finn-b-N14_PROSTATITIS), 
BPH (GWAS ID: finn-b-N14_PROSTHYPERPLA), and 
PCa (GWAS ID: finn-b-C3_PROSTATE) summary data 

Conclusion  We successfully clarified the interrelationships among prostatitis, BPH, and PCa, providing clinical 
implications for these patients’ populations. A total of three vicious circles were also revealed by us to provide novel 
ideas for future drug development and guide clinical decision-making.
Significance
What is already known on this topic  No authoritative books or guidelines are currently available for revealing the 
interrelationships of prostatitis, BPH, and PCa.

No consensus has been reached among previously published epidemiological studies or meta-analyses, due to 
their limitations.

Epidemiological researches investigating this issue still had controversies, and they were often case-control or 
retrospective cohort studies.

What this study adds  We first took advantage of Mendelian randomization to explore the interrelationships among 
prostatitis, BPH, and PCa.

We provided clinical implications for prostatitis, BPH, and PCa patients’ populations, respectively, based on mediator 
Mendelian randomization.

We identified a total of three vicious circles, contributing to the progression of benign prostate diseases to 
malignant diseases.

Our results provided novel ideas for drug development and new therapeutic strategies for clinical PCa prevention 
or treatment.
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were respectively obtained from the IEU OpenGWAS 
project (https://gwas.mrcieu.ac.uk/). Another ​i​n​d​e​p​e​n​
d​e​n​t cohort of prostatitis, BPH, and PCa were utilized 
as external validations. Prostatitis (GWAS Catalog ID: 
GCST90044258) summary data in the validation dataset 
were obtained from the GWAS Catalog database ​(​​​h​t​​t​p​s​​
:​/​/​w​​w​w​​.​e​b​i​.​a​c​.​u​k​/​g​w​a​s​/​h​o​m​e​​​​​)​. BPH (GWAS ID: ​u​k​b​-​b​-​1​
1​6​0​1​) and PCa (GWAS ID: ukb-b-1392) summary data 
in the validation datasets were obtained from the IEU 
OpenGWAS project (https://gwas.mrcieu.ac.uk/).

Ethical approval and research checklist
Since all of these data were openly accessible, patient 
consent had been obtained by corresponding studies, and 
ethical approval was not required for this study. The stan-
dards for Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) were followed while 
reporting this study (Table S2).

Selection of the genetic instrumental variables 
(IVs)
As detailed in Table S3, when the prostatitis (GWAS ID: 
finn-b-N14_PROSTATITIS) dataset, or the BPH (GWAS 
ID: finn-b-N14_PROSTHYPERPLA) dataset, or the 
PCa (GWAS ID: ukb-b-1392) dataset was used as expo-
sure, we got single nucleotide polymorphisms (SNPs) 
significantly related to the outcome, based on the P val-
ues < 5E-06 and linkage disequilibrium (LD) threshold of 
clump kb = 10,000, r2 = 0.001. When the PCa (GWAS ID: 
finn-b-C3_PROSTATE) dataset or the BPH (GWAS ID: 
ukb-b-11601) dataset was used as exposure, we got single 
nucleotide polymorphisms (SNPs) significantly related 
to the outcome, based on the P values < 5E-08 and link-
age disequilibrium (LD) threshold of clump kb = 10,000, 
r2 = 0.001. When the prostatitis (GWAS Catalog ID: 
GCST90044258) dataset was used as exposure, we got 
single nucleotide polymorphisms (SNPs) significantly 
related to the outcome, based on the P values < 5E-06 
and linkage disequilibrium (LD) threshold of clump 
r2 = 0.001.

Fig. 1  The whole study design

 

https://gwas.mrcieu.ac.uk/
https://www.ebi.ac.uk/gwas/home
https://www.ebi.ac.uk/gwas/home
https://gwas.mrcieu.ac.uk/
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Then, the F-statistic was calculated, and its values < 10 
were removed to reduce the bias from weak instrumental 
variables (IVs) [19]. Phenotype scanning was also applied 
to reduce the effects of confounding factors [20]. When 
the prostatitis (GWAS ID: finn-b-N14_PROSTATITIS; 
or GWAS Catalog ID: GCST90044258) dataset was used 
as exposures, we got the results of phenotype scanning 
and regarded SNPs also related to PCa, or BPH, or body 
mass index, or prostate specific antigen, or hypertension, 
or diabetes, or rheumatoid arthritis, or smoking, or alco-
hol as confounding factors, in combination with search-
ing the PubMed database. When the BPH (GWAS ID: 
finn-b-N14_PROSTHYPERPLA; or GWAS ID: the ukb-
b-11601) dataset was used as exposure, we got the results 
of phenotype scanning and regarded SNPs also related 
to PCa, or prostatitis, or body mass index, or prostate 
specific antigen, or hypertension, or diabetes, or rheu-
matoid arthritis, or smoking, or alcohol as confounding 
factors, in combination with searching the PubMed data-
base. When the PCa (GWAS ID: finn-b-C3_PROSTATE 
dataset; or GWAS ID: ukb-b-1392) dataset was used as 
exposure, we got the results of phenotype scanning and 
regarded SNPs also related to BPH, or prostatitis, or body 
mass index, or hypertension, or diabetes, or smoking, 
or alcohol as confounding factors, in combination with 
searching the PubMed database. After removing SNPs 
also related to confounding factors in the exposure, the 
remaining SNPs were served as IVs.

Bidirectional two-sample mendelian 
randomization
The bidirectional two-sample Mendelian randomization 
was conducted by the “TwoSampleMR” R package in the 
R 4.2.1 environment. A total of 12 two-sample Mende-
lian randomization analyses were conducted in both the 
discovery datasets and the validation datasets, including 
the causality of prostatitis susceptibility to BPH; the cau-
sality of prostatitis susceptibility to PCa; the causality of 
BPH susceptibility to PCa; the causality of BPH suscep-
tibility to prostatitis; the causality of PCa susceptibility 
to prostatitis; and the causality of PCa susceptibility to 
BPH, respectively. The inverse variance weighted (IVW) 
method with random effects was selected as the main 
result [21]. P values below 0.05 were regarded as statisti-
cally significant differences.

Sensitivity analysis
Sensitivity analyses were conducted to evaluate the 
robustness and reliability of our results, containing 
heterogeneity, pleiotropy, leave-one-out analysis, and 
the Steiger test. Heterogeneity was evaluated by the 
Cochran’s Q test, and its values below 0.05 were regarded 
as significant heterogeneities [22]. Pleiotropy was calcu-
lated by the MR-Egger regression method, and P < 0.05 

indicated that IVs could not only affect the exposures 
but also affect the outcomes, against the basic Mende-
lian randomization assumptions [23]. The leave-one-out 
method was conducted by removing each SNP sequen-
tially to assess the robustness of our results [24]. A Stei-
ger test was performed to confirm the directionality of 
the connection between exposures and outcomes [25]. 
P < 0.001 indicated the direction from exposure to out-
come was highly plausible.

Mediator mendelian randomization
As previously described [26, 27], a two-step Mendelian 
randomization was applied for the mediator Mendelian 
randomization analysis, containing two steps. Step one: 
Two-sample Mendelian randomizations were conducted 
among exposure and outcome (Beta1); among exposure 
and mediator (Beta2); and among mediator and out-
come (Beta3), respectively. Step two: The direct and indi-
rect effects were calculated using the formulas displayed 
below:

	
direct effects =

Beta1
Beta1 + Beta2 × Beta3

	
indirect effects =

Beta2 × Beta3
Beta1 + Beta2 × Beta3

Statistical analysis
All Mendelian randomization analyses and data visual-
ization were conducted by the “TwoSampleMR” R pack-
age in the R 4.2.1 environment. P values below 0.05 were 
regarded as statistically significant differences.

Results
Study design and preparation for mendelian 
randomization
The whole study design was detailed in Fig.  1, and the 
characteristics of the enrolled datasets in Mendelian ran-
domization in the discovery and validation datasets were 
summarized in Table S1. The standards for Strengthen-
ing the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) were followed while reporting this study 
(Table S2). Moreover, the setting conditions for instru-
mental variables (IVs) of exposures in the discovery 
and validation datasets were detailed in Table S3. After 
adjusting for the confounding factors by phenotype scan-
ning (Table S4 and Table S6), we obtained the final IVs 
of exposures in the discovery and validation datasets for 
further Mendelian randomization analyses (Table S5 and 
Table S7).
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Bidirectional two-sample mendelian randomization results 
in the discovery dataset
As detailed in Fig. 2 and Table S3, for the causality of BPH 
susceptibility to PCa in the discovery dataset, our results 
showed that genetic susceptibility to BPH might increase 
the risks of PCa within the IVW method (beta = 0.2479, 
95% confidence interval (CI): 0.1251–0.3707; P < 0.001; 
heterogeneity = 2.965E-05; pleiotropy = pass; directional-
ity = true). For the causality of BPH susceptibility to pros-
tatitis in the discovery dataset, our results showed that 
genetic susceptibility to BPH might increase the risks of 
prostatitis within the IVW method (beta = 0.5389, 95% 
CI: 0.3916–0.6862; P < 0.001; heterogeneity = none; pleiot-
ropy = pass; directionality = true). For the causality of PCa 
susceptibility to BPH in the discovery dataset, our results 
showed that genetic susceptibility to PCa might increase 
the risks of BPH within the IVW method (beta = 0.1627, 
95% CI: 0.0875–0.2378; P < 0.001; heterogeneity = 1.327E-
07; pleiotropy = pass; directionality = true). For the cau-
sality of PCa susceptibility to prostatitis in the discovery 
dataset, our results showed that genetic susceptibil-
ity to PCa might increase the risks of prostatitis within 
the IVW method (beta = 0.0964, 95% CI: 0.0115–0.1814; 
P = 0.026; heterogeneity = none; pleiotropy = pass; direc-
tionality = true). For the causality of prostatitis suscepti-
bility to BPH in the discovery dataset, our results showed 
that genetic susceptibility to prostatitis might increase 
the risks of BPH within the IVW method (beta = 0.0791, 
95% CI: 0.0198–0.1385; P = 0.009; heterogeneity = none; 
pleiotropy = pass; directionality = true). However, no 
increased risks of PCa were observed in patients with any 
type of genetically predicted prostatitis (beta = -0.0153, 
95% CI: -0.0916-0.0609; P = 0.693; heterogeneity = none; 

pleiotropy = pass; directionality = true). Sensitivity analy-
ses in the discovery dataset indicated the robustness and 
reliability of our results (Figure S1).

Bidirectional two-sample mendelian randomization results 
in the validation dataset
As detailed in Fig. 3 and Table S3, for the causality of BPH 
susceptibility to PCa in the validation dataset, our results 
showed that genetic susceptibility to BPH might increase 
the risks of PCa within the IVW method (beta = 0.3949, 
95% confidence interval (CI): 0.1478–0.6420; P = 0.002; 
heterogeneity = 0.006; pleiotropy = pass; directional-
ity = true). For the causality of BPH susceptibility to pros-
tatitis in the validation dataset, our results showed that 
genetic susceptibility to BPH might increase the risks of 
prostatitis within the IVW method (beta = 117.4802, 95% 
CI: 56.1558-178.8047; P < 0.001; heterogeneity = none; 
pleiotropy = pass; directionality = true). For the causal-
ity of PCa susceptibility to BPH in the validation data-
set, our results showed that genetic susceptibility to PCa 
might increase the risks of BPH within the IVW method 
(beta = 0.0513, 95% CI: 0.0133–0.0894; P = 0.008; hetero-
geneity = 0.004; pleiotropy = pass; directionality = true). 
However, no increased risks of prostatitis were observed 
in patients with any type of genetically predicted PCa 
(beta = 0.8458, 95% CI: -16.0318-17.7234; P = 0.922; het-
erogeneity = none; pleiotropy = pass; directionality = true). 
For the causality of prostatitis susceptibility to BPH in the 
validation dataset, our results showed that genetic sus-
ceptibility to prostatitis might increase the risks of BPH 
within the IVW method (beta = 0.0005, 95% CI: 0.0002–
0.007; P = 0.002; heterogeneity = none; pleiotropy = pass; 
directionality = true). However, no increased risks of PCa 

Fig. 2  Two-sample Mendelian randomization results in the discovery dataset
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were observed in patients with any type of genetically 
predicted prostatitis (beta = -0.0002, 95% CI: -0.0005-
0.0001; P = 0.162; heterogeneity = none; pleiotropy = pass; 
directionality = true). Sensitivity analyses in the validation 
dataset indicated the robustness and reliability of our 
results (Figure S2).

Mediator mendelian randomization results and clinical 
implications for these patients’ populations
For prostatitis patients, BPH could serve as a media-
tor among prostatitis and PCa (indirect effects = 100%), 
indicating the pathway from prostatitis to PCa was 
totally mediated by BPH, while PCa could not serve as 
a mediator among prostatitis and BPH (Fig.  4A). For 
BPH patients, prostatitis could not serve as a mediator 
among BPH and PCa, while PCa could serve as a media-
tor among BPH and prostatitis (indirect effects = 4.2%; 
direct effects = 95.8%), indicating the pathway from BPH 
to prostatitis was partially mediated by PCa (Fig.  4B). 
For PCa patients, prostatitis could serve as a media-
tor among PCa and BPH (indirect effects = 4.5%; direct 
effects = 95.5%), indicating the pathway from PCa to BPH 
was partially mediated by prostatitis. Moreover, BPH 
could also serve as a mediator among PCa and prostatitis 
(indirect effects = 47.6%; direct effects = 52.4%), indicating 
the pathway from PCa to prostatitis was about half medi-
ated by BPH (Fig.  4C). All in all, a total of four poten-
tial mediator pathways were confirmed by our mediator 
Mendelian randomization results, including the prostati-
tis-BPH-PCa pathway, the BPH-PCa-prostatitis pathway, 
the PCa-prostatitis-BPH pathway, and the PCa-BPH-
prostatitis pathway.

Clinical implications for prostatitis patients: prostatitis 
could lead to BPH directly, and it could also lead to PCa 
indirectly via the prostatitis-BPH-PCa pathway (indirect 
effects = 100%), indicating the pathway from prostatitis to 
PCa was totally mediated by BPH. Obviously, effectively 
interrupting prostatitis progress to BPH might avoid 
the development of PCa, providing novel ideas for drug 
development and new therapeutic strategies for clinical 
PCa prevention or treatment. Unexpectedly, we found 
the prostatitis-BPH loop in combination with previous 
results.

Clinical implications for BPH patients: BPH could 
lead to PCa directly, and it could also lead to prostatitis 
directly or indirectly via the BPH-PCa-prostatitis path-
way (indirect effects = 4.2%; direct effects = 95.8%), indi-
cating the pathway from BPH to prostatitis was partially 
mediated by PCa. Obviously, we paid more attention to 
the progress of BPH to PCa, and effectively interrupting 
this progress might avoid the development of PCa, pro-
viding novel ideas for drug development and new thera-
peutic strategies for clinical PCa prevention or treatment. 
Unexpectedly, we found the BPH-PCa loop and the 
BPH-PCa-prostatitis loop in combination with previous 
results.

Clinical implications for PCa patients: PCa could lead 
to BPH directly or indirectly via the PCa-prostatitis-BPH 
pathway, and it could also lead to prostatitis directly or 
indirectly via the PCa-BPH-prostatitis pathway, resulting 
in the prostatitis-BPH-PCa vicious circle based on the 
PCa-prostatitis-BPH loop and the PCa-BPH-prostatitis 
loop. Obviously, effectively interrupting this vicious circle 
might inhibit the development of PCa, providing novel 

Fig. 3  Two-sample Mendelian randomization results in the validation dataset

 



Page 7 of 11Wang et al. Biology Direct          (2024) 19:129 

ideas for drug development and new therapeutic strate-
gies for clinical PCa prevention or treatment.

Summarized disease pattern map and clinical implications
Based on the above-mentioned results, a total of three 
vicious circles could be summarized by a disease pattern 
map in Fig. 5, including the prostatitis-BPH vicious circle 
(vicious circle 1), the BPH-PCa vicious circle (vicious cir-
cle 2), and the prostatitis-BPH-PCa vicious circle (vicious 
circle 3). All of these three vicious circles contributed to 
the progression of benign prostate diseases to malignant 
diseases. Obviously, the involved vicious circle would be 
markedly inhibited by effectively interrupting any part of 
the loop, providing novel ideas for drug development and 
new therapeutic strategies for clinical PCa prevention or 
treatment.

Discussion
In our clinical practices, we are often questioned by 
some anxious patients whether or not their benign pros-
tate diseases (prostatitis or BPH) will progress to PCa or 
raise the risks of PCa. However, no authoritative books or 
guidelines are currently available for revealing their inter-
relationships. Moreover, no consensus has been reached 
among previously published epidemiological studies or 
meta-analyses [7, 28–30]. Hence, this issue remained one 
of the most common tough questions for urologists in 
the face of accumulating inquiries from their patients suf-
fering from prostate diseases.

Due to their limitations, previous conclusions drew 
from epidemiological studies or meta-analyses remained 
controversial and incomplete. Epidemiological research 
investigating this issue still had controversies, and they 

Fig. 4  Mediator Mendelian randomization analyses and clinical implications for (A) prostatitis; (B) BPH; (C) PCa patients’ populations
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were often case-control or retrospective cohort stud-
ies, which could not offer the same statistical power as 
randomized controlled trials. Weinmann et al. revealed 
significant associations among fatal PCa and any his-
tory of diagnosed BPH (odds ratio (OR) = 1.4, 95% CI: 
1.1–1.7), while no relationships were found with any 
history of prostatitis (OR = 1.0, 95% CI: 0.79–1.4) [31]. 
Hung et al. suggested strong associations between PCa 
and prostatitis (adjusted OR = 9.77, 95% CI: 3.09–30.9) 
or BPH (adjusted OR = 24.9, 95% CI: 19.8–31.4) via logis-
tic regression [6]. Although meta-analysis as a powerful 
tool could provide more reliable conclusions than a single 
study, it could only use limited data obtained from pre-
viously published articles. Our previous meta-analysis 
explored the relationships among prostatitis, BPH, and 
PCa, suggesting that prostatitis could increase the risks 
of BPH and that prostatitis or BPH could also increase 
the risks of PCa [7]. However, our meta-analysis results 
were incomplete, and the reversed relationships among 
prostatitis, BPH, and PCa were not involved due to the 
limitations of the meta-analysis.

In this article, we took advantage of Mendelian ran-
domization to explore the interrelationships among pros-
tatitis, BPH, and PCa. Our Mendelian randomization 
results suggested that in both the discovery and valida-
tion datasets, genetic susceptibility to prostatitis could 
increase the risks of BPH, while no increased risks of 
PCa were observed in patients with any type of geneti-
cally predicted prostatitis; genetic susceptibility to BPH 
could increase the risks of PCa or prostatitis; genetic sus-
ceptibility to PCa could increase the risks of BPH, while 
genetic susceptibility to PCa could increase the risks 
of prostatitis merely in the discovery dataset. Consis-
tent with previously published articles [32, 33] and our 

previous meta-analysis results [7], our results also shed 
light on the pathway via Mendelian randomization that 
prostatitis could increase the risks of BPH and that BPH 
could also increase the risks of PCa. Li et al. revealed 
that prostatitis might have a significant role in the clini-
cal development and progression of BPH [32]. Nair-Shal-
liker et al. suggested that the risks of PCa were higher in 
men with a personal history of BPH (OR = 2.29, 95% CI: 
1.79–2.93) [33]. Inconsistent with previously published 
articles [34, 35] and our previous meta-analysis results 
[7], our results did not suggest significant associations 
among prostatitis and PCa via Mendelian randomization 
in both the discovery and validation datasets. Boehm et 
al. showed that prostatitis could increase the probability 
of detecting PCa even after adjusting for physician vis-
its and PSA testing [34]. Wright et al. also revealed the 
significant distributions of prostatitis in PCa population-
based cases and controls (P < 0.001) [35]. Different from 
previously published articles, we first took advantage of 
Mendelian randomization in this article to explore the 
reversed relationships among prostatitis, BPH, and PCa, 
such as the causality of BPH susceptibility to prostatitis, 
the causality of PCa susceptibility to BPH, and the causal-
ity of PCa susceptibility to prostatitis.

Various attempts had been made to illuminate the 
potential mechanisms of the prostatitis-BPH-PCa path-
way. Oseni et al. concluded that chronic inflammation 
was the common risk factor and molecular hallmark of 
prostatitis, BPH, and PCa; targeting inflammatory mol-
ecules or pathways could be potential treatments in 
patients with prostatic diseases [36]. Fiard et al. revealed 
that senescent cells, which were associated with the aging 
prostate and the senescence-related secretory pheno-
type, had been linked to both BPH and PCa, providing 

Fig. 5  Disease patterns map
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opportunities for targeted therapies in the future [37]. 
From the genetic aspects, Glaser et al. found that BPH 
and PCa shared common inherited genetics, proving evi-
dence that the significant associations in epidemiologi-
cal studies were not entirely caused by the detection bias 
[38]. Other factors, such as oxidative stress, COX, or NO 
activity, might also play vital roles in the prostatitis-BPH-
PCa pathway [39].

As for prostatitis patients, we noticed that prostatitis 
could lead to BPH directly, and it could also lead to PCa 
indirectly via the prostatitis-BPH-PCa pathway (indirect 
effects = 100%), indicating the pathway from prostatitis 
to PCa was totally mediated by BPH. Obviously, effec-
tively interrupting prostatitis progress to BPH might 
avoid the development of PCa, providing novel ideas for 
drug development and new therapeutic strategies for 
clinical PCa prevention or treatment. Various attempts 
had also been made in previous articles. Di Silverio et al. 
compared combined therapy with rofecoxib (a COX-2 
inhibitor) and finasteride (a 5α-reductase inhibitor) in 
treating BPH and found its advantages were significant 
in 4 weeks, providing an effective therapeutic strategy 
for interrupting prostatitis progress to BPH [40]. Basler 
et al. revealed in 2004 that COX-2 inhibitors could serve 
as promising therapeutic agents for PCa chemopreven-
tion [41]. However, a double-blind randomized study 
by Flamiatos et al. in 2017 suggested that celecoxib (a 
selective COX-2 inhibitor) had no effects on prostaglan-
dins, androgen receptor levels, or apoptosis in benign 
or malignant prostate tissues [42]. Effective therapeutic 
drugs for PCa prevention or treatment remained to be 
explored and developed.

As for BPH patients, we noticed that BPH could also 
lead to PCa directly, and effectively interrupting this 
progress might avoid the development of PCa, providing 
novel ideas for drug development and new therapeutic 
strategies for clinical PCa prevention or treatment. Vari-
ous attempts had also been made in previous articles. Rit-
tmaster et al. revealed that dutasteride (a licensed BPH 
drug) could suppress both serum and intraprostatic DHT 
levels in men with BPH or PCa at near-maximum levels 
[43]. During their 4-year study, Roehrborn et al. showed 
that dutasteride was linked to a lower risk of BPH pro-
gression in males with normal or enlarged prostates and 
mild-to-moderate symptoms [44]. A double-blind ran-
domized study by Moore et al. further suggested that 
dutasteride could significantly reduce the volumes of PCa 
on T2-weighted MRI compared with placebo [45]. The 
above-mentioned information confirmed the idea that 
effectively interrupting the progress from BPH to PCa 
might avoid the development of PCa, and novel thera-
peutic drugs remained to be developed.

As for PCa patients, we noticed that PCa could lead to 
BPH directly or indirectly via the PCa-prostatitis-BPH 

pathway, and it could also lead to prostatitis directly or 
indirectly via the PCa-BPH-prostatitis pathway, result-
ing in the prostatitis-BPH-PCa vicious circle. Unexpect-
edly, a total of three vicious circles were revealed by us, 
including the prostatitis-BPH vicious circle (vicious circle 
1), the BPH-PCa vicious circle (vicious circle 2), and the 
prostatitis-BPH-PCa vicious circle (vicious circle 3). All 
of these three vicious circles contributed to the progres-
sion of benign prostate diseases to malignant diseases. 
Obviously, the involved vicious circle would be markedly 
inhibited by effectively interrupting any part of the loop. 
However, how to effectively interrupt some parts of the 
loop remained to be explored and discussed by further 
studies.

The main strengths of this paper were that we first 
took advantage of Mendelian randomization to explore 
the interrelationships among prostatitis, BPH, and PCa, 
verified by a validation dataset, making our results more 
reliable. Moreover, mediator Mendelian randomization 
results provided clinical implications for prostatitis, BPH, 
and PCa patients’ populations. Finally, a total of three 
vicious circles were revealed by us, and they all contrib-
uted to the progression of benign prostate diseases to 
malignant diseases, providing novel ideas for drug devel-
opment and new therapeutic strategies for clinical PCa 
prevention or treatment. Several limitations should not 
be overlooked in a comprehensive understanding of our 
article. First, the whole study population was European, 
so bias might result in other study populations. Second, 
the causality of PCa susceptibility to prostatitis was only 
revealed in the discovery dataset, remaining to be veri-
fied in other validation datasets. Third, the prostatitis 
population was a mixture of various types in this article. 
So, we currently had difficulties in distinguishing them 
from each other. Finally, inconsistent with previously 
published articles and our previous meta-analysis results, 
our Mendelian randomization results did not suggest sig-
nificant associations among prostatitis and PCa in both 
the discovery and validation datasets, remaining to be 
verified by high-quality and larger population research.

Conclusions
All in all, we first took advantage of Mendelian random-
ization to explore the interrelationships among prostati-
tis, BPH, and PCa, confirming that genetic susceptibility 
to prostatitis or BPH could lead to increased risks of PCa 
directly or indirectly. Moreover, mediator Mendelian 
randomization revealed four potential mediator path-
ways, including the prostatitis-BPH-PCa pathway, the 
BPH-PCa-prostatitis pathway, the PCa-prostatitis-BPH 
pathway, and the PCa-BPH-prostatitis pathway. Based 
on these, we also provided clinical implications for pros-
tatitis, BPH, and PCa patients’ populations, respectively. 
Interestingly, a total of three vicious circles were revealed 
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by us, and they all contributed to the progression of 
benign prostate diseases to malignant diseases, providing 
novel ideas for drug development and new therapeutic 
strategies for clinical PCa prevention or treatment.
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