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Abstract

assess the strength of associations.

95%CI 1.03-1.51) and Asia (RR=1.32, 95%Cl 1.24-1.41).

demonstrate the results better.

Introduction: Cholelithiasis represents a known risk factor for digestive system neoplasm. Few studies reported the
association between cholelithiasis and the risk of prostate cancer (PCa), and the results were controversial.

Methods: We reviewed the medical records of the Second Affiliated Hospital of Chongging Medical University Hos-
pital to perform a retrospective matched case—control study, which included newly diagnosed 221 PCa patients and
219 matched controls. Logistic regression was applied to compare cholelithiasis exposure and adjusted for confound-
ing factors. Additionally, we conducted a meta-analysis pooling this and published studies further to evaluate the
association between cholelithiasis and PCa risk. Related ratio (RR) and 95% confidence interval (95%Cl) were used to

Results: Our case—control study showed that cholelithiasis was associated with a higher incidence of PCa (OR=1.87,
95% Cl: 1.06-3.31) after multivariable adjustment for covariates. The incidence of PCa was increased in patients

with gallstones but not cholecystectomy. 7 studies involving 80,403 individuals were included in the meta-analysis.
Similarly, the results demonstrated that cholelithiasis was associated with an increased risk of PCa (RR=1.35, 95%CI:
1.17-1.56) with moderate-quality evidence. Cholelithiasis patients with low BMI increased the PCa incidence. Moreo-
ver, Subgroup analysis based on region showed that cholelithiasis was associated with PCa in Europe (RR=1.24,

Conclusions: The results suggested an association between cholelithiasis and the risk of PCa. There was no signifi-
cant relationship between cholecystectomy therapy and PCa risk. Further cohort studies should be conducted to
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Introduction

Worldwide more than 1,275,000 men are diagnosed
annually with PCa. PCa is the second most common
malignancy and the leading cause of cancer-associated
mortality in men [1]. PCa could be seen in America and
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Europe, but little is known about its etiology [2, 3]. Estab-
lished risk factors for PCa include age, ethnicity, germline
mutation (BRCA5.35%, ATM1.6%, and CHEK1.9%), and
dietary factors [4-7]. Due to the heterogeneity and the
multiple-factor of PCa, it is crucial to identify more risk
factors.

With the prevalence of about 5-15% of the western
population, cholelithiasis was an important public health
problem in Europe and America [8]. Cholelithiasis has
many risk factors, including genetic, environmental risk
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factors, diabetes, and metabolic syndrome, although
hypersecretion of cholesterol plays a vital role in promot-
ing the formation of gallstones [9]. The mechanism sug-
gested that high cholesterol or metabolic syndrome may
have tumorigenesis on the digestive system neoplasm
and PCa. High cholesterol is associated with the develop-
ment of PCa and can play an essential role in tumorigen-
esis by accumulating in cancer tissues [10, 11]. Consistent
with these findings, men who take statins after prostatec-
tomy would have less possibility of becoming aggressive
PCa [12, 13]. The association between metabolic syn-
drome and the risk of developing PCa is emerging [8, 14,
15]. In addition, men with gallstones have disorders of
gut microbiota, which may lead to prostate carcinogene-
sis [16, 17]. Recently, emerging epidemiological evidence
suggested that previous cholelithiasis was correlated with
the development and procession of PCa [18-20].

The relationship between the two diseases is still con-
troversial. Given the potential risk factor of cholelithiasis
in PCa, we assessed the relationship between PCa and
cholelithiasis and conducted a hospital-based case—con-
trol study in the Second Affiliated Hospital of Chongqing
Medical University Hospital, China. Furthermore, we
performed a systematic meta-analysis of published stud-
ies and our case—control study to evaluate the association
between cholelithiasis and the risk of PCa.

Methods

Case-control study

This retrospective case—control was performed in the
second affiliated hospital of Chongqing medical uni-
versity study to investigate the association between
cholelithiasis and PCa risk. Based on the confirmed path-
ological diagnosis record after performing a diagnostic
biopsy or operation, 221 patients with newly diagnosed
PCa were included in this study between 2018 and 2020.
The patients with a history of malignancies or a family
history of cancer were excluded. The 219 matched con-
trols were randomly included from the patients admitted
to the same hospitals. These controls were non-malignant
neoplastic conditions unrelated to known risk factors for
PCa. All the subjects were Chinese.

According to subjects’ electronic medical records,
we collected relative information, including a history of
cholelithiasis, lifestyle habits (including tobacco smok-
ing and alcohol consumption), and comorbidity. The
patients with a history of cholelithiasis were proven to
provide the following information through subjects’
electronic medical records: abdominal ultrasound/ com-
puted tomography, the presence of a relevant scar or hav-
ing a clear medical record. If subjects with cholelithiasis
were diagnosed more than 12 months before PCa diag-
nosis for cases or controls, we would consider them to
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have pre-existing cholelithiasis. Naturally, they would be
excluded if they provided a date of the previous cholelith-
iasis no more than 12 months or lacked medical records.
The ethics committee approved this study of the Second
Affiliated Hospital of Chongqing Medical University fol-
lowing the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki
declaration. We did not require informed consent from
the patients because we collected data by reviewing med-
ical records.

Meta-analysis

Literature search and study inclusion criteria

Following the PRISM A guidelines, the literature search of
Medline, EMBASE, and Web of Science was conducted
up to 1 November 2021. The following keywords or Med-
ical Subject Heading (MeSH) terms related to PCa and
cholelithiasis were used, including “Prostate Neoplasms,
Prostate Neoplasm, Prostatic Neoplasm, Prostate cancer,
Prostatic Cancer” and Risk factors and “Cholelithiasis,
Gallstones or cholecystectomy” There were no limita-
tions on the language of studies to be included. The refer-
ence lists of the retrieved studies were manually searched
for additional studies. Studies would be included if they
met the following inclusion criteria: (a) these stud-
ies should be the associations of cholelithiasis with PCa
risk; (b) these studies must be observational; (c) these
studies provide risk estimates with 95% corresponding
confidence intervals (CIs) were available. Reviews, case
reports, and studies with overlapping or unavailable data
were all excluded. All disagreements were resolved by
discussion.

Data extraction

Two authors (YDL and ZJR) independently extracted the
following data from the included studies: author, publica-
tion date, country or region, study design, follow-up time,
sample size, the number of PCa cases, risk estimates with
corresponding 95% Cis, and adjusted factors. These data
were extracted using a predefined data extraction sheet.

Quality assessment

Two independent authors used the Newcastle-Ottawa
scale (NOS) to perform quality assessment of included
studies. Each study had three aspects: selection of partic-
ipants, study comparability, and outcome evaluation [21].
The NOS scores with9, 7-8 and <6 were separately con-
sidered high, intermediate, or low in each study.

Grading the quality of evidence

The levels of evidence for outcomes were performed
based on the GRADEpro approach (https://grade
pro.org/), which assessed the aspects of risk of bias,
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inconsistency, indirectness, imprecision of the results,
and publication bias. The evidence levels included very
low, low, moderate, or high.

Statistical analysis

In the case—control study, we analyzed the category vari-
ables using the chi-squared test and the continuous vari-
ables using an independent sample t test, respectively.
Then, we assessed the association between cholelithi-
asis and PCa risk using the odds ratio (OR) and its cor-
responding 95% confidence interval (CI) by performing
unconditional logistic regression models with or without
adjusting for age and lifestyle habits, and comorbidity.
We further explored the association between cholecys-
tectomy or gallstones and PCa risk. All data were ana-
lyzed using SPSS 17.0, and the P value of<0.05 with
two-tailed tests indicated significance.

For the meta-analysis, the association of cholelithiasis
with PCa risk was measured by pooling the risk estimate.
According to the study design, region, cholecystec-
tomy, or gallstones, subgroup analyses of the primary
outcomes were performed. The summary of effects for
the outcomes was calculated as risk ratio (RR) and 95%
confidence intervals (CI) using a random effect model.
Both x2-based Q test and I2 test were performed to
estimate the between-study heterogeneity. P<0.05 and
12>50% were regarded to be statistically significant for
the between-study heterogeneity. Based on the between-
study heterogeneity, we use a fixed or random effect
model. Publication bias was evaluated by using funnel
plots and Begg’s and Egger’s tests. All statistical analyses
were performed using Stata statistical software (ver.12.0,
Stata, College Station, TX, USA). P value <0.05 was con-
sidered to indicate statistical significance.

Results

Case-control study

221 cases were newly diagnosed PCa, and 219 controls
were recruited. Table 1 shows the detailed character-
istics of the participants. The average age of cases was
72.29 £ 8.02 years, and of controls were 71.14 £ 7.68 years
with no statistical significance. Cases and controls had a
consistent difference in smoking, drinking, and having
a history of hypertension, stroke, COPD, and coronary
artery disease. Additionally, compared to controls, cases
were more likely to have a history of diabetes and chole-
lithiasis (P<0.05).

Table 2 summarizes the association between cholelithi-
asis and PCa risk. The results revealed that cholelithiasis
was significantly associated with a higher risk of PCa
(OR=1.98, 95%CI: 1.13-3.46) based on the crude OR
estimated by the univariate analysis. After multivariable
adjustment for confounding factors, the adjusted OR for
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Table 1 Characteristics of PCa patients and controls (China,

2018-2020)
Variable Case(221) Control(219) P value
Mean (SD) Age at diagnosis 7229 (8.02)  71.14 (7.68) 0.268
Smoking (%) 0.840
Yes 112 (50%) 113 (51%)
No 109 (50%) 106 (49%)
Alcohol drinking (%) 0474
Yes 78 (36%) 86 (39%)
No 141 (64%) 135 (61%)
Diabetes (%) 39 (18%) 24 (11%) 0.045
Hypertension (%) 89 (40%) 79 (36%) 0.365
Coronary artery disease (%) 26 (12%) 18 (8%) 0.215
Stroke (%) 16 (7%) 13 (6%) 0.582
COPD (%) 12 (5%) 18 (8%) 0.246
Cholelithiasis (%) 40 (18%) 22 (10%) 0.015

Table 2 Analysis of Odds ratios (OR) and 95% confidence
intervals (Cl) of prostate cancer for cholelithiasis

Prostate cancer case control Crude OR(95%Cl) Adjusted

OR (95%Cl)*

No cholelithiasis 181 197 1 (ref) 1 (ref)

Cholelithiasis 40 22 1.98 (1.13-3.36) 1.87 (1.06—
3,31)

Gallstones 21 7 2.77 (1.20-6.40) 2.53(1.08-
5.96)

Cholecystectomy 23 17 1.38(0.72-2.66) 1.25 (0.64-
2.45)

2The OR and 95% Cl has been adjusted for age, smoking alcohol drinking,
hypertension, diabetes, stroke, COPD, coronary artery disease

increased risk of PCa patients with cholelithiasis was 1.87
(95%CI: 1.06, 3,31). Moreover, we explored the associa-
tion between cholecystectomy or gallstones and PCa risk
as a subgroup analysis. There was a significant associa-
tion of gallstones with PCa, with a multivariate-adjusted
OR of 2.53 (95% CI: 1.08—5.96). However, no association
was observed between the history of cholecystectomy
and PCa risk.

Meta-analysis

The detailed process of the literature search was showed
in Fig. 1. Finally, 6 published studies were included in our
analysis by evaluating full-text review (Fig. 1) [19, 20, 22—
25]. Table 3 summarized the characteristics of included
studies. Among those studies, there were 3 cohort stud-
ies and 3 case—control studies. 3 came from Europe, and
3 came from the Asia region. The publication date of
these studies was from 2004 to 2017. 6 studies involv-
ing 3560 cases among 79,963 individuals investigated
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Fig. 1 Flow chart showing this study selection

the associations between cholelithiasis and PCa risk. The
quality of studies was summarized in Table 4. All eligible
studies were defined as high quality (NOS > 6) (Table 4).

A total of 7 studies, including our studies and 6 pub-
lished studies, were eligible in this meta-analysis. As
shown in Fig. 2, the pooled RR of PCa for men with a his-
tory of cholelithiasis was 1.35(95%CI: 1.17-1.56), with
moderate-quality evidence (Table 5). There was no obvi-
ous heterogeneity (I>=32.4%, P=0.181) using a random
effects model for assessment.

To better evaluate the association between cholelithia-
sis and PCa risk. We conducted a subgroup analysis based
on the study regions, BMI level, gallstones and cholecys-
tectomy. The results of the subgroup analysis were shown
in Table 6. Stratified analysis among European and Asian
showed an increased risk of PCa for men with a history of
cholelithiasis (RR=1.24, 95%CL: 1.03-1.51), (RR=1.32,
95%CI: 1.24—1.41), comparing to men without cholelithi-
asis. Besides, cholelithiasis increased PCa risk, as sug-
gested by the pooled RR of case—control studies, but not
cohort studies. Men with cholelithiasis with lower BMI
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Table 4 Quality assessment of included studies
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had a higher risk of PCa (RR=1.54, 95%CI: 1.16-2.06), as

suggested by stratified analyses by BMI level. Moreover,

References Selection Comparability Exposure Total
we observed that cholecystectomy or gallstones was not
ATavani 2011 o e o 8 related to the risk of PCa.
FBravi 2005 ** = = 6 We performed a sensitivity analysis to evaluate the risk
Qiang Li 2010 * ** o 8 of cholelithiasis on the overall estimate by removing indi-
Shabanzadeh 2017 *** > o 8 vidual studies, and we observed the stability of the results
Chien-Hua Chen 2016 ** * o 7 of this meta-analysis (Fig. 3). Visual inspection of funnel
Kim 2004 ** > ** 6 plots showed no evident asymmetry (Fig. 4). Publication
Study %
D RR (95% Cl) Weight
Shabanzadeh E 0.68 (0.35, 1.30) 4.46
Qiang Li —_—— 1.72 (1.12, 2.66) 9.16
F. Bravi - -— 1.26 (0.93, 1.70) 15.69
A. Tavani —_— 1.36 (1.04, 1.78) 18.23
Kim - > 2.40 (1.02, 5.68) 2.71
Chien-Hua Chen == 1.30 (1.22, 1.39) 43.99
Current study —f—o— 1.87 (1.06, 3.31) 5.75
Overall (-squared = 33.1%, p = 0.176) <> 1.35 (1.17, 1.56) 100.00
NOTE: Weights are from random effects analysis E
T T : T
4 8 1 2
Fig. 2 Forest plot including studies depicting pooling relative risk for developing prostate cancer
Table 5 GRADE assessment of quality of the body of evidence, and summary of findings
Association No.of Design Risk of bias Inconsistency Indirectness Imprecision Factorsthat Pooled effect Quality
studied studies canincrease  estimate
quality of
evidence
Cholelithiasia 7 Observational  Not serious  Not serious Not serious  Not serious Al plausible 1.35(1.17,1.56) SDD
and risk of PCa study confounding MODERATE
would reduce
a demon-
strated effect
Gallstonesand 3 Observational  Not serious  Not serious Not serious  Notserious  None 1.16(0.55,246) @O
risk of PCa study LOW
Cholecystec- 2 Observational  Not serious  Not serious Not serious  Notserious  None 127(074,2.19) @O0
tomy and risk study LOW
of PCa

PCa prostate cancer
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Table 6 Subgroup analysis for studies included in the analysis
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Variable No. of studies Pooled RR (95% Cl) 12 statistics (%) P value for the
heterogeneity Q
test

Region

Europe 3 1.24(1.03,1.51) 45.70% 0.158

Asia 4 1.32(1.24,1.41) 39.40% 0.176
Study design

Case—control 1.40(1.17, 1.69) 0.70% 0.389

Cohort 3 1.25(0.89,1.77) 0.00% 0618
BMI 2. 58( 1,5.54) 0.00% 0472

low 3 54(1.16, 2.06) 0.00% 0.958

high 2 1. 0(1 02,1.66) 66.60% 0.052

Gallstones 3 1.18(0.55, 2.48) 73.10% 0.024

Cholecystectomy 2 1.27(0.74,2.19) 0.00% 0.936

BMI Body mass index

Meta-analysis estimates, given named study is omitted
| Lower CI Limit ¢ Estimate | Upper CI Limit
Shabanzadeh | sesssne Qs fnsasas
Q|ang Li ssvssssodisisnnanseiasasansasssnassaisonnssee uesses
F. Bravi 3
A.Tavanl || lssssamnbsassvmsanmsaissssasmmnsds o SITP
Chien-Hua Chen e e
Current study [ SRV RRERI DRSS —————— |
1
0.10 0.15 0.30 0.45 0.57
Fig. 3 Sensitivity analysis investigates each study’s influence on the overall risk of prostate cancer

bias was not observed based on both Begg’s (P=0.545)
and Egger’s test (P=0.368) for PCa risk.

Discussion

This study aimed to evaluate the impact of cholelithiasis
on the subsequent PCa risk. In our case—control study,
our findings from 221 cases and 219 controls provided
evidence that men with pre-existing cholelithiasis had

an increased risk of PCa, whereas we did not observe a
significant association between cholecystectomy and PCa
risk. Combined with the results of our meta-analysis, the
history of cholelithiasis was significantly associated with
PCa risk. However, as for cholecystectomy or gallstones,
no significant risk difference was observed.

Some previous studies have reported an association
between a history of cholelithiasis and cardiovascular,
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Fig. 4 Funnel plot assessing publication bias about the association between cholelithiasis and the risk of prostate cancer

cholangiocarcinoma and pancreatic cancer risk [18, 26,
27]. In older men, there was a higher risk of cholelithiasis.
Whether cholelithiasis modified the risk of PCa is worth
investigating by considerable studies. Bravi et al. [25]
reported that finding from 1294 cases and 1451 controls
demonstrated that men with gallstones did not seem to
be associated PCa risk in a case—control study. Recently,
Qiang Li et al. [20] found that men with cholelithiasis had
a higher incidence of PCa compared without cholelithi-
asis, especially for advanced PCa in the Ohsaki cohort
followed from 1995 to 2003. Due to these inconsist-
ent findings, our study provided evidence from a case—
control combined with a meta-analysis to estimate the
underlying association between cholelithiasis and PCa
susceptibility. The results supported that cholelithiasis is
a risk factor for the development of PCa.

A total of 7 studies were included in this meta-analysis.
And we found that men with a history of cholelithiasis
were associated with PCa risk. The increased PCa risk
was also seen for both European and Asian population,
as suggested by subgroup analysis according to a differ-
ent region. In addition, the increased risk of PCa was
observed for cholelithiasis patients with high and low
BM]I, as suggested by subgroup analysis according to dif-
ferent BMI. In the analysis of the different study designs,
cholelithiasis was associated with the risk of PCa in case—
control studies but not in cohort studies. The possible

reasons for these disparities may be the limited num-
ber of included studies. In the future, we need better-
designed studies to confirm this association.

Cholecystectomy is mainly indicated for individu-
als with biliary tract infection and pancreatitis, and
decreases the incidence of the biliary tract and pancre-
atic malignancy [26, 27]. However, we did not observe
that men who received cholecystectomy therapy were
not significantly related to a decreased PCa risk. It was
demonstrated that cholecystectomy would impair the
enterohepatic circulation of bile acids and might increase
oxidative stress and oxidative damage to DNA to stimu-
late prostate cancer cell growth and prostate carcino-
genesis. There were epidemiologic studies that provided
evidence about the relationship between cholecystec-
tomy and PCa. Chien-Hua Chen et al. [28] reported
data from 72,606 gallstone cases and the investigators
assessed that cholecystectomy was linked to increased
risk for PCa compared with the non-cholecystectomy
group were HR=1.67(95%CI, 1.45-1.92). Therefore,
more studies are worth examining whether other factors
affect risk discrepancies.

The underlying mechanism of cholelithiasis might lead
to malignancy development still deserves to be explored.
The potential mechanisms for the association of chole-
lithiasis with PCa may be the following. Firstly, prostate
cancer may be mediated by the cholesterol metabolism
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associated with cholelithiasis. Cholesterol was critical for
the proliferation of cells, and its synthesis was tightly syn-
chronized to cell cycle progression. Cholesterol-lowering
may induce apoptosis in PCa cells progressing through
the cell cycle [10, 29-32]. In addition, the progress of PCa
depends on the existence of androgen. Cholesterol plays
a vital role in androgen synthesis; consequently, it is pos-
sible that cholesterol promotes cancer growth [33-36].
Second, microbiota dysbiosis could result in cholelithi-
asis in the gut and biliary tract [37—39]. Intestinal micro-
bial diversity would influence the number of bacteria
causing systemic inflammation and prostate tumorigene-
sis [40—45]. For example, dysbiosis of the gut microbiome
can promote conjugation and recycling of estrogens via
secretion of the B-glucuronides enzyme, which results in
cell proliferation and tumor development [41, 46]. Finally,
the metabolic syndrome also can influence the incidence
of PCa and cholelithiasis [8, 14]. Metabolic syndrome is
associated with increased cancer mortality and tumor
aggressiveness, but the specific mechanism is not well-
known. It may affect the level of androgen [47-49].

There are some following strengths: to our knowl-
edge, we firstly comprehensively estimated the associa-
tion between cholelithiasis and PCa. We rigorously used
the GRADE approach to assess the quality of evidence
for the main findings. However, there are also several
following limitations: firstly, with regard to meta-anal-
ysis, we include studies that adjusted or controlled for
various risk factors, but some unknown or unmeasured
residual confounders cannot be excluded. Secondly, in
subgroup analysis, there are only two studies about chol-
ecystectomy. We should be cautious about the results
of.cholecystectomy. Last, the association between chole-
lithiasis and differ-grade PCa may be due to the limited
current studies and well-designed studies are required to
explore.

Conclusion

In conclusion, our study supported the associations of
cholelithiasis with the increased risk of PCa in European
and Asian populations. There was no significant relation-
ship between cholecystectomy therapy and PCa risk.
Further cohort studies should be conducted to better
identify more mechanisms in the pathogenesis of PCa.
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