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Abstract 

Objectives  In recent years, there has been a notable increase in the incidence and mortality rates of prostate cancer 
(PCa) in China, highlighting it as a significant public health issue. This study aimed to investigate the genetic associa-
tion of PCa in China to better inform national disease management and medical resource allocation.

Methods  A systematic literature review was conducted using 5 English databases (Web of Science, PubMed, 
Embase, Cochrane, Scopus) and 1 Chinese database (CNKI) to identify articles published from database inception 
to October 8, 2022, which reported the genetic associations of PCa in China.

Results  Of the 11,195 articles retrieved, 41 were included in the review. A total of 116 different polymorphisms 
(including single nucleotide polymorphisms, deletions, insertions, and repeat lengths) in 58 genes were studied 
in Chinese populations. Among these, 37 out of 51 polymorphisms in 28 candidate genes such as BIRC5, C2orf43, 
COX-2, CYR61 (IGFBP10), DNMT1, DNMT3B, EXO1, FOXP4, and 7 unmapped SNPs were found to have either a positive 
or negative effect on PCa risk. However, 18 variants in 5 genes remain controversial across different studies. Addi-
tionally, 23 SNPs in 16 genes were reported to be associated with disease stage, Gleason score, PSA levels, PCa risk, 
and clinicopathological characteristics of PCa in China.

Conclusion  In Chinese populations, PCa risk and clinical features may result from individual genes, gene-gene 
interactions, and gene-environment interactions. These findings provide important insights into the relationship 
between genetic susceptibility and PCa risk in Chinese men.

Keywords  Prostate cancer, Genetic association, Systematic review

Introduction
Prostate cancer (PCa) is emerging as a significant public 
health concern, significantly impacting the health of men 
in China. Epidemiological data from 2020 indicated that 
the incidence of PCa in China was much lower compared 

to European and African countries. However, new cases 
and deaths from PCa in China accounted for 8.2% and 
13.6% of the global total, respectively [1]. Furthermore, 
several studies projected that by 2030, the incidence of 
PCa in China will rise from the seventh most common 
malignancy to the third, with a percentage change (2015–
2030) of 517% [1, 2]. Given the substantial implications 
for public health and the well-being of Chinese males, the 
rapid increase in incidence rates, and the vast number of 
affected individuals, there is a pressing need for a deeper 
understanding of the etiology of PCa in China.

Currently, the etiology of PCa remains largely elusive, 
with genetic syndromes, familial predisposition, and race 
identified as established risk factors [3]. Genetic factors, 
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in particular, were recognized as one of the few estab-
lished risk factors for PCa. Quantitative estimates from 
twin studies suggested that approximately 42% of the var-
iability in PCa risk might be attributed to genetic factors, 
surpassing other common malignancies [4]. This under-
scores the potentially significant role of genetic predis-
position in individual susceptibility to PCa. Additionally, 
previous research indicated that PCa incidence among 
Chinese immigrants in the United States was only half 
that of Caucasian individuals born in the United States, 
suggesting differential genetic susceptibility to the clini-
cal manifestation of PCa development in Asian popula-
tions compared to Caucasians [5].

To identify genetic alterations associated with the 
risk of PCa, over 40 genome-wide association studies 
(GWAS) have been conducted, revealing more than 200 
PCa susceptibility loci [6–8]. However, the majority of 
these loci were found from studies focusing on European 
populations. This suggested that the current research 
about the important risk alleles in Asian populations 
might be potentially underreported [9].Current GWAS 
studies showed that Asian populations exhibited different 
frequencies of risk alleles at certain risk loci compared to 
European, African, and Hispanic populations [10]. For 
instance, GWAS conducted in Chinese populations iden-
tified two independent susceptibility loci for PCa (9q31.2 
rs817826 and 19q13.4 rs103294), highlighting distinct 
differences in both the risk and genetic background of 
PCa among Chinese males compared to other ethnici-
ties [11].Importantly, while GWAS reports have begun to 
elucidate the combined effects of risk loci, many of the 
biological implications of PCa susceptibility loci remain 
unclear.

Considering that the current research indicates that 
the incidence of PCa in China is significantly lower 
than in Western populations, whether there are unique 
epidemiological characteristics that may be associ-
ated with distinct genetic backgrounds is worth further 
investigation [12]. However, despite recognized racial 
disparities, research is scarce about PCa in the Chinese 
population. Most published data from genomic research 
and clinical trials focused on Western populations. The 
lack of data represents a major limitation in developing 
specific diagnostic and therapeutic approaches tailored 
to Asian males. This study aims to address this research 
gap through a systematic review, by identifying poten-
tial candidate genes and their biological significance, as 
well as reporting on the combined effects of risk variants, 
interactions with the environment, and their impact on 
clinical features. These genetic associations identified 
in this study could be further validated in future studies 
using large samples from diverse racial groups and used 
to inform continuous research about the identification 

of multiple genes involved in different pathways of PCa 
susceptibility.

Methods
Search strategy and selection criteria
This systematic review was conducted and reported in 
adherence to the PRISMA guidelines [13]. We system-
atically searched five English databases (Web of Sci-
ence, PubMed, Embase, Scopus, Cochrane Central) and 
one Chinese database (CNKI) to gather relevant litera-
ture on the genetic factors of PCa in China. By includ-
ing CNKI, the prominent Chinese electronic database, a 
comprehensive search of relevant literature and cover-
age of relevant Chinese-language studies was ensured. 
Additionally, we conducted grey literature searches. The 
search spanned from January 1, 2012, to October 1, 2022. 
Detailed search strategies are provided in the Supple-
mentary Information.

Two rounds of screening were conducted for inclusion 
evaluation. In the initial round, studies were excluded 
based on title and abstract if they fell into the following 
categories: (1) case reports, letters, comments, system-
atic reviews/meta-analyses, reviews, guidelines, confer-
ence abstracts, early access articles, editorial materials, 
corrections, notes, retracted publications, or protocols; 
(2) studies not related to PCa or its risk factors; (3) stud-
ies involving animal or cellular experiments; (4) studies 
with populations outside of China; (5) non-case-control 
study or studies involving less than 100 PCa patients; 
(6) Data preceding 2012. The full-text evaluation was 
conducted in the second round to identify publications 
reporting on genetic risk factors in Chinese PCa patients, 
including candidate gene association studies (CGAS) and 
genome-wide association studies (GWAS). Furthermore, 
the references of included articles were screened to iden-
tify additional eligible literature. Two authors indepen-
dently assessed titles, abstracts, and full texts throughout 
the screening process to ensure consistency and objec-
tivity in inclusion decisions. Any discrepancies between 
the authors’ assessments were resolved through discus-
sion, and all references were managed using EndNote X9 
software.

Data analysis
The second round of screening involved a thorough 
review of full texts to identify publications that reported 
genetic risk factors in Chinese patients with PCa. Addi-
tionally, the references of included articles were scruti-
nized to uncover further eligible literature. Two authors 
independently evaluated titles, abstracts, and full texts 
of articles to ensure consistency and objectivity in the 
inclusion process. Any disparities between the authors’ 
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assessments were resolved through discussion, and all 
references were managed using EndNote X9 software.

Data analysis involved categorizing the included stud-
ies based on the gene, polymorphisms, and effect allele 
associated with PCa. Information extracted from each 
article included the first author, year of publication, 
study type, ethnicity, mean age of participants, sample 
source, sample size, genotyping method, gene infor-
mation, odds ratios, or other relevant effects. Through 
the extraction and analysis of gene-related risk factors, 
a summary of genes implicated in PCa recurrence and 
progression to metastatic disease was compiled.

Quality assessment
To assess the risk of bias in the included case-control 
studies, the Newcastle-Ottawa Scale tool [14] was used. 
All included articles were independently reviewed and 
evaluated by 2 authors. Negotiated and resolved dif-
ferences between the 2 authors. Excel 2016 is used to 
facilitate data extraction and documentation.

Results
Characteristics of the included studies
We initially retrieved 11,195 articles, of which 9970 were 
excluded during the removal of duplication, and title and 
abstract screening. Among the remaining 1,141 articles 
that might be relevant, 41 full-text case-control studies 
were included (Fig.  1). The general information of the 
included publications and the results of the study quality 
assessment are summarized in Table 1.

A total of 41 case-control studies reported the associa-
tion between gene polymorphisms and the incidence of 
PCa in the Chinese population. All the patients included 
in the study were Chinese, covering 17 provinces and 
municipalities across the country. Most of the stud-
ies included the Han nationality, only 1 study was about 
the Yi nationality, and 2 included the Uighur popula-
tion. The number of participants ranged from 257 to 
24,411(7 studies combined GWAS data for analysis) and 
their mean age varied from 58 to 72.6  years. A total of 
116 different polymorphisms (including SNP, deletion, 
insertion, and repeat length) in 58 genes had been stud-
ied in Chinese populations. (Tables 1 and 2) Another 370 

Fig. 1  PRISMA flowchart of study selection
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single nucleotide polymorphisms (SNPs) and 41 Ger-
mline Copy Number Variations (CNVs) were validated in 
the Genome-wide Association Study (GWAS) of the Chi-
nese population [16, 46, 51, 52] (Table  S4). The genetic 
associations with the PCa epidemiology (findings about 
individual gene association, gene-gene association, gene-
environment association) and the genetic association 
with the PCa clinical characteristics are further reported 
in the following.

Genetic association with the incidence of PCa
Individual gene association with the incidence of PCa 
(Table 2 and Supplementary Table 1)
Table  2  summarizes the effects of 116 polymorphisms 
across 58 candidate genes on the overall risk of PCa in 
the Chinese population and, more importantly, presents 
the metabolic pathways and functions of these genes. 
Additionally, this table shows the differences in the find-
ings on these polymorphisms from other studies, high-
lighting the potential impact of candidate genes on PCa 
risk in different populations.

According to the studies included in this review, 36 
variants in 24 genes (XPG, XPF, XPD, THADA, SUN2, 
PTEN, PRKCI, PPARG, PCA3, NF-κB1, MTRR, miR-
143/miR-145, MEG3, K-ras, KLK3, IL-8, COX-1, CBS, 
AR gene, AKT2, AKT1, ADIPOQ, GEMIN4, RNASEL) 
and 2 unmapped SNPs failed to show association with 
PCa while other polymorphisms had a negative or posi-
tive effect (Table 2). Odds ratios (ORs) were estimated for 
risk variants about the risk of PCa.

Regarding the increased risks of PCa, among the genes 
identified above, 29 of 40 polymorphisms in the 20 genes 
(ZMIZ1, XRCC1, TEX15, SRD5A2, Raptor, RAD23B/ 
KLF4, RAD17, OR2A5, MTR, MLH3, LILRA3, IL-4, 
COX-2, Hsa-miR-23a, GATA2, GAS5, FOXP4, C2orf43, 
EXO1, BIRC5) and 5 unmapped SNPs (rs12653946C > T, 
rs9600079 G > T, rs1447295 C > A, rs7837328 G > A, 
rs10505474 G > A) were shown to increase PCa risk in Chi-
nese population, conferring odds ratio (OR) ranged from 
1.28–6.68 [16, 18–22, 24, 26–29, 31–35, 37, 40–42, 44, 47, 
48]. Genotypes of GAS5 (rs17359906 G > A, OR = 6.68) 
[16], Hsa-miR-23a (rs3745453 T > C, OR = 4.16–5.23; 
rs4705342 T > C, OR = 2.06–2.4) [48], SRD5A2 (TA 
repeat site G > C, OR = 2.05–3.7) [18], XRCC1(c.910 
A > G, OR = 2.29–2.87), IL-4 (rs2243250 T > C, OR = 2.29) 
[19], ZMIZ1 (rs704017 A > G, OR = 2.076) [44], TEX15 
(rs142485241 C > G, OR = 2.68) [28] increased the risk of 
PCa in China by more than 2 times.

Regarding the reduced risks of PCa, 8 of 11 polymor-
phisms in the 8 genes (XPC, Vavs, NFKB1, MTHFR, inter-
leukin-1A (ILIA), DNMT3B, DNMT1, CYR61 (IGFBP10)) 
2 unmapped SNPs (rs16901966 A > G, rs10090154 C > T) 
were shown to be associated with reduced risk in men 

with PCa, conferring odds ratio (OR) ranged from 0.41–
0.88. Genotypes of DNMT1 (rs2228611 G > A, OR = 0.41) 
[26] and ILIA (rs3783553 D/I or I/I, OR = 0.48) [33] were 
the most significant reduction in PCa risk.

Polymorphisms in 8 genes (FOXP4, C2orf43, NFKB1, 
mTOR, NFKBIA, IL-6, IGFBP-3, GPRC6A/RFX6) were 
investigated repeatedly in at least two studies. The effect 
of FOXP4 (rs1983891 C > T, OR = 1.3–1.41) and NFKB1 
(Ins/Del, OR = 0.69–0.74) on PCa risk in 3 studies was 
consistent [27, 41, 42].Interestingly, these studies were 
not without conflicting findings. For instance, 5 genes 
(mTOR, NFKBIA, IL-6, GPRC6A/RFX6, IGFBP-3) 
showed different effects on PCa risk in different studies. 
Both Li et  al. (2013) and Liu et  al. (2017) reported the 
association of mTOR rs1034528 G > C, rs17036508 T > C, 
and rs2295080 T > G with PCa in a Chinese population. 
Both articles believed that rs2295080 T > G (adjusted 
OR = 0.54–0.77, P < 0.05) was related to the reduction 
of PCa incidence in China. However, mTOR rs1034528 
G > C (adjusted OR = 1.31, P = 0.005) was considered to 
be associated with an increased risk of PCa in the study 
by Li et al. (2013) [50], while the study of Liu et al. (2017) 
did not report any association (adjusted OR = 0.93–1.59, 
P > 0.1) [31].

Another inconsistent finding about the genetic asso-
ciation of PCa was noted when Li et al. (2013) reported 
that rs17036508 T > C was not associated with PCa sus-
ceptibility (adjusted OR = 0.94–1.23, P > 0.05) [50], while 
Liu et al. (2017) believed that it significantly increased the 
risk of PCa (adjusted OR = 3.73, P = 0.001) [31]. Likewise, 
Cui et al. (2015) found that NFKBIA −826C/T (adjusted 
OR = 0.91–1.09) was not associated with the risk of PCa 
[19], while Han et al. (2015) believed that it was signifi-
cantly associated with an increased risk of PCa (adjusted 
OR = 1.84–2.83, P < 0.05) [22].

The three studies by Li et al. (2015), Long et al. (2012), 
and Wang et  al. (2012) about the relationship between 
GPRC6A/RFX6 rs339331 and the incidence of PCa 
also reached different conclusions [27, 41, 42], which 
reported reduced risks (OR = 0.78, P = NA), increased 
risks (OR = 1.34, P = NA) and unrelated association 
(OR = 0.99, P = 0.84) respectively. The association of 
C2orf43 (rs13385191A > G) with the risk of PCa in Long 
et al. (2012) [41]and Wang et al. (2012) [42]are also con-
troversial, which indicated increased risk (OR = 1.33 
P = NA) and irrelevant association (OR = 1.03, P = 0.48) 
respectively.

When comparing the GWAS, it was common for the 
studies to select SNPs from the reported GWAS in the 
European ancestry, African-American, and Japanese 
populations to verify the genetic factors of PCa among 
the Chinese population (Supplementary Table  5). One 
of these studies showed the associations between PCa 
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and Germline Copy Number Variations (CNVs). Chen 
et al. (2013) [51]proposed 4 genes (EGFR, ERBB2, PTK2, 
and RAF1) with five SNPs (rs11238349, rs17172438, 
rs984654, rs11773818, and rs17172432) as the key fac-
tors from 39 genes and 317 SNPs influencing PC. On 
the other hand, Cui et  al. (2012) and Rong et  al. (2013) 
screened 16 and 24 SNPs from 40 and 53 SNPs [46, 
53], respectively, which were suggested to be associ-
ated with the risk of PCa in the Chinese population. Wu 
et al. (2018) found that [46], among 41 CNVs, 27 CNVs 
were risk variations, and the other 14 were found to be 
protective of PC. Xu et  al. (2012) performed the first 
GWAS in Han Chinese and identified two new risk-asso-
ciated loci for PCa on chromosomes 9q31.2 (rs817826, 
P = 5.45 × 10−14) and 19q13.4 (rs103294, P = 5.34 × 10−16) 
in 4,484 PCa patients [11].

There were also reports about the genetic association 
with the PCa treatment outcome. Li et  al. (2016) found 
that the ESRα gene (rs2234693 and rs2234693) was also 
considered to be associated with PCa risk [43]. TT geno-
type in rs2234693 or GG genotype in rs9340799 might be 
associated with a higher overall response rate (ORR) in 
chemotherapy, while T allele and A allele carriers had sig-
nificantly longer progression-free survival (PFS).

Gene‑gene association with the incidence of PCa 
(Supplementary Table 2)
Some studies reported gene-gene association with PCa 
incidence. Eight studies reported the effect of gene-gene 
interaction in 13 SNPs on the risk of PCa (Supplemen-
tary Table 2). Four publications by Liu et al. (2017), Long 
et al. (2012), Wang et al. (2012), and Zhang et al. (2014) 
respectively found that when there were more than 2 risk 
loci or risk alleles, the risk of PCa in the carrier was sig-
nificantly increased (OR = 1.39–3.50, Ptrend < 0.001) [31, 
41–43]. Additionally, in the combined analysis, some 
SNPs had a slightly reduced PCa risk. The combined 
effect of rs546950 and rs4955720 in PRKCI reduced the 
risk of PCa in carriers (OR = 0.63, P = 0.045) [25]. Moreo-
ver, individuals carrying two SNPs of Vav3 rs12410676(A) 
and rs8676(A) had a protective effect in < 69  years 
old, (OR = 0.66, P = 0.022) and stage I + II, (OR = 0.68, 
P = 0.014) [29].

Gene‑environment association with the incidence 
of PCa(Supplementary Table 3)
Various non-gene factors were shown to have an asso-
ciation with the risks of PCa such as age, race, fam-
ily history, smoking, obesity, and alcohol consumption. 
Among the included studies, 16 reported that 24 SNPs 
in 17 genes were associated with 7 environmental fac-
tors (age at diagnosis, Smoking status, Alcohol status, 
BMI, ethnicity, Family history, Complications) to pose 

positive or negative effects on the risk of PCa (Sup-
plementary Table  2). On the other hand, 7 other SNPs 
(Raptor rs1468033 G > A, PRKCI rs4955720 C > A, 
MTHFR rs1801131 C > A, AKT2 rs7250897 T > C, ADI-
POQ rs266729 C > G, rs182052 G > A, miR-143/miR-145 
rs4705342 T > C) were shown to be not associated with 
the overall risk of PCa but had positive or negative effects 
in smokers/non-smokers, High/Low BMI, older/younger 
subjects, ever drinking, and Uygur ethnicity.

In the older populations, 12 polymorphisms in 8 genes 
(NFKBIA, MTR, mTOR, Hsa-miR-23a, EXO1, Rap-
tor, AKT2, GAS5) were associated with increased PCa 
risk. The odds ratio ranged from 1.33–5.62, and GAS5 
rs17359906 G > A was the highest [16, 22, 31, 32, 47, 48]. 
In contrast, NFKB1 9-4ATTG,-del/del (OR = 0.57) and 
XPCA rs1870134 G > C (OR = 0.78) [37] were protec-
tive factors. In the younger populations, 7 variants and 
4 genes (GAS5, mTOR, MTR, NFKBIA) were associated 
with increased PCa risk. The odds ratio ranged from 1.4–
4.75, and mTOR rs17036508 T > C was the highest [16, 22, 
31, 32]. In contrast, ADIPOQ rs182052 G > A(OR = 0.73) 
[49], PRKCI rs4955720 C > A (OR = 0.45) [25] and mTOR 
rs2295080 T > G (OR = 0.67) [31]were considered to 
reduce the risk.

Among smokers, 13 polymorphisms in 13 gene (COX-2, 
NFKBIA, miR-143/miR-145, Raptor, Vavs, GAS5, mTOR, 
Hsa-miR-23a, NFKB1) were associated with increased PCa 
risk. The odds ratio ranged from 1.32–6.39, and mTOR 
rs17036508T > C was the highest [16, 21, 22, 29, 31, 45, 
48, 50].In contrast, mTOR rs2295080 T > G (OR = 0.42–
0.72) [31] and NFKB1 9–4ATTG del/del (OR = 0.42) [22] 
were protective factors. In non-smokers, 5 variants in 4 
genes (NFKBIA, IL6, Raptor, GAS5) were considered to 
increase the risk of PCa (OR = 1.38–4.78, highest: GAS5 
rs17359906G > A) [22], while PRKCI rs4955720 C > A 
(OR = 0.43 and XPCA rs1870134 G > C (OR = 0.75) were 
considered to reduce the risk [25, 31, 37].

In populations with high BMI, 9 polymorphisms in 6 
genes (Hsa-miR-23a, mTOR, MTR, Raptor, AKT2, GAS5) 
were associated with increased PCa risk. The odds ratio 
ranged from 1.47 −8.11, and mTOR rs17036508T > C 
was the highest [16, 31, 32, 48, 50]. In contrast, mTOR 
rs2295080 T > G (OR = 0.43–0.8) [31, 37] was protective 
factor. In low BMI populations, 3 polymorphisms in 3 
genes (XPC, Vavs, PRKCI) were considered to decrease 
the risk of PCa (OR = 0.51–0.78, lowest: PRKCI rs4955720 
C > A) [25, 29, 31, 37, 50], while some SNPs in mTOR and 
GAS5 were considered to increase the risk (OR = 1.29–
3.89, highest: GAS5 rs17359906G > A) [16, 31, 50].

In terms of alcohol intake, in ever or never-drink-
ing populations, 5 SNPs in 3 genes (GAS5, miR-143/
miR-145, Hsa-miR-23a) were considered to increase 
the risk (OR = 1.75–8.19, highest: miR-143/miR-145 
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rs4705342 T > C) [16, 45, 48]. Regarding ethnic factors, 
2 studies reported that in the Uighur population, Rap-
tor rs1468033 G > A (OR = 1.66) and mTOR rs17036508 
T > C (OR = 5.09) were associated with increased PCa 
risk [31, 50]. For people with a family history of cancer, 
Zhang et al. (2019) reported that Hsa-miR-23a rs3745453 
T > C increased the risk of PCa in people without a family 
history of cancer (OR = 1.89) [48].

Regarding populations with co-morbidities, Qu et  al. 
(2016) reported that some SNPs in MTR increased the 
risk of PCa in people with hypertension, diabetes mel-
litus, and cardiovascular disease (OR = 1.35–4.17, high-
est: rs1805087 G > A) [32]. In contrast, rs1801133 T > C in 
MTHFR was associated with decreased PCA risk(0.66–
0.8) in people with hypertension, diabetes mellitus, and 
cardiovascular disease, while rs1801131 C > A increased 
the risk (OR = 6.49) [40].

Genetic association with the clinical characteristics of PCa 
(Supplementary Table 4)
A total of 24 SNPs in 16 genes (EXO1, IL6, mTOR, 
RAD17, CYR61 (IGFBP10), Vavs, MTHFR, MTR, GAS5, 
PCA3, PRKCI, DNMT1, DNMT3B, XPC, BIRC5, KLK3) 
were reported to be associated with the overall dis-
ease stage (e.g. localized or advanced disease), Gleason 
score(high/low), PSA levels, PCa risk, clinicopathologi-
cal characteristics (e.g. seminal vesicle invasion, positive 
surgical margin, lymph node involvement, extracapsular 
extension, aggressive disease) in Chinese with PCa (Sup-
plementary Table 4).

Regarding the disease stage of PCa, subgroups of local-
ized diseased, 3 SNPs in 3 genes (EXO1, IL6, RAD17) 
were reported to increase risk of PCa (OR = 1.66–3.08, 
highest: EXO1 C > T) [23, 34, 47], while mTOR rs2295080 
T > G decreased the risk. In patients with advanced dis-
eases, 3 SNPs in EXO1 and mTOR had a positive associa-
tion with PCa risk (OR = 1.5–1.91, highest: mTOR rs2536 
T > C), while CYR61 rs3753793 T > G had an opposite 
effect (OR = 0.7) [35].

In the subgroups of high Gleason score, 7 SNPs in 3 
genes (MTR, GAS5, mTOR) were associated with an 
increased risk of PCa (OR = 1.3–4.54, highest: GAS5 
rs1951625 G > A) [16, 32, 50],while mTOR rs2295080 
T > G, Vavs rs12410676 G > A and CYR61 rs1801133T > C 
had an opposite effect (OR = 0.53–0.79) [29, 35, 40, 50]. 
In subgroups of low Gleason score, 4 SNPs in 4 genes 
(PRKCI, DNMT1, DNMT3B, XPC) were associated with 
a decreased risk of PCa (OR = 0.38–0.72, lowest: PRKCI 
rs4955720 C > A) [25, 26, 37], while the other 4 SNPs in 
PC3 and mTOR had a positive association (OR = 1.25–
1.58) [17, 50]. IL6 rs1800796 C > G was associated with an 
increased risk in PCa patients with Gleason score = 7 [15].

In terms of PSA levels, 3 SNPs in GAS5 and BIRC5 had 
a positive association (OR = 1.08–4.079, highest: GAS5 
rs17359906 G > A) in PCA patients with high(> 20  ng/
ml) or low(PSA ≤ 20  ng/ml) PSA levels [16, 20]. Regard-
ing clinicopathological characteristics, SNPs in MTR 
were reported to associate with a decreased risk of PCa 
in subgroups of seminal vesicle invasion, positive sur-
gical margin (NO), Lymph node involvement (YES), 
extracapsular extension, and aggressive disease [32]. 
Moreover, rs1801133 T > C in MTHFR was considered to 
have a negative association in the subgroup of seminal ves-
icle invasion, positive surgical margin (NO), Lymph node 
involvement(YES), extracapsular extension, aggressive dis-
ease (OR = 0.43–0.87), while rs1801131 C > A showed posi-
tive effect(OR = 3.38) [40]. Reportedly, Vavs rs12410676 
G > A was also associated with aggressive disease in PCa 
patients [29]. PCa risk KLK3 rs1058205 C > T was reported 
to have a positive association in PCA patients with moder-
ate risk and high risk(OR = 2.0–3.08) [147].

Discussion
According to the 41 genetic studies included in this sys-
tematic review, the correlation between genetic fac-
tors and PCa susceptibility in Chinese populations 
mainly involved 7 GWAS and, to a greater extent, 34 
CGAS. Firstly, this study analyzed 37 polymorphisms 
in 28 candidate genes and 7 unmapped SNPs identified 
in the Chinese population, revealing both positive and 
negative impacts on PCa risk. This enhances the cur-
rent understanding of key risk alleles in Asian popula-
tions. Secondly, this study found that among the 116 
polymorphisms across 58 candidate genes included in 
all CGAS studies, the results for 18 candidate genes/
polymorphisms differed from those in other populations. 
Additionally, 29 SNPs validated by GWAS showed incon-
sistent associations with PCa risk between the Chinese 
population and other ethnic groups. These findings col-
lectively highlight the unique genetic background of PCa 
in the Chinese population. This is particularly significant 
because previous GWAS have predominantly focused on 
men of European descent, comprising 78% of all GWAS 
participants, whereas Asian men represented only 11% 
despite Asians making up 59.7% of the global population 
[127].

Thirdly, by integrating GWAS and CGAS informa-
tion specific to the Chinese population, this study offers 
a comprehensive exploration of the candidate genes and 
pathways responsible for observed differences, thereby 
facilitating further investigation into the physiological 
significance of these genes in Chinese PCa. Previously, 
although over 200 genetic loci associated with PCa risk 
variants have been identified globally through GWAS, 
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less than half of the familial risk has been elucidated. 
Therefore, the biological significance of many PCa sus-
ceptibility loci remains unclear based solely on GWAS 
results. The integrative analysis of data from GWAS and 
CGAS in this study explains single nucleotide polymor-
phisms and lineage mutations which may serve as an 
important reference for determining the risk and further 
explaining the epidemiological and disease characteris-
tics of PCa in China.

Comparing genetic influences on prostate cancer 
across different populations
Among the 116 polymorphisms from 58 candidate genes 
analyzed in our study, 28 candidate genes have been vali-
dated in males of other ethnicities. Among these, 18 can-
didate genes/polymorphisms exhibit differences in PCa 
risk between Chinese males and males of other ethnici-
ties (Table  2). Specific polymorphisms in genes such as 
SRD5D2, XPC, XPD, THADA, SUN2, PRKCI, PPARG, 
PCA3, KLK3, IL-8, ADIPOQ, GEMIN4, and RNASEL 
have been linked to PCa risk in European, Japanese, 
American, and African populations, showing either posi-
tive or negative effects [57, 61–65, 94, 106, 112, 116, 118, 
122, 129, 130, 132, 139, 141, 143, 148]. However, these 
associations are not observed in the Chinese popula-
tion. Notably, polymorphisms in COX-2 (−1195A/G) 
and IGFBP-3 (rs6950179C/T) increase PCa risk in the 
Chinese population, whereas no such association is 
observed in American, European, Taiwanese, or Japanese 
populations [75–78, 85, 146]. Conversely, the MTHFR 
(rs1801133T/C) polymorphism is associated with a 
reduced PCa risk in the Chinese population, while no 
significant association is observed in Caucasians. Inter-
estingly, some studies suggest that the MTHFR (C677T) 
polymorphism may be linked to an increased risk of 
PCa in East Asians. However, whether these differ-
ences translate into physiological effects requires further 
investigation.

Additionally, three GWAS reports on PCa risk-associ-
ated SNPs identified 386 SNPs correlated with PCa risk 
in Chinese males. Among these, 45 SNPs were identi-
fied as potentially associated with PCa risk in Chinese 
males, with 40 SNPs previously validated in European 
and Japanese populations. Nevertheless, 29 SNPs previ-
ously validated in European and Japanese populations as 
potentially related to PCa risk did not demonstrate a cor-
relation with PCa risk in Chinese males. These findings 
are consistent with previous research, further highlight-
ing potential differences in genetic background and sus-
ceptibility to PCa in the Chinese population compared to 
other ethnic groups [100].

Candidate genes with significant effect on prostate cancer 
in China
Among the 116 polymorphisms in 58 candidate genes, 
28 genes with 37 polymorphisms and 7 unmapped SNPs 
exerted either positive or negative effects on the risk of 
PCa in the Chinese population. The significance of the 
study findings is at least 2-fold. Of the 29 polymorphisms 
in 20 candidate genes that increased the risk of PCa, only 
8 polymorphisms in 6 genes increased the risk by more 
than 2-fold among Chinese males, while the rest had 
odds ratios (OR) less than 2.

Among the 6 genes associated with a more than 2-fold 
increased risk of PCa in the Chinese population, ZM1Z1 
and SRD5A2 are related to Androgen-related pathways, 
TEX15 is a DNA repair gene, IL-4 is involved in inflam-
matory responses, miR-23a is a microRNA, and GAS5 is 
related to the AKT/mTOR signaling pathway. Conversely, 
genes with the most pronounced protective effects (OR 
less than 0.5) against PCa in Chinese males include 
DNMT1 and ILIA, which are associated with DNA 
methylation and inflammation, respectively.

It is also worth noting that SNPs showing inconsistent 
effects on PCa risk in Chinese populations across dif-
ferent studies are concentrated in the mTOR, NFKBIA, 
IL-6, and IGFBP-3 genes, potentially associated with the 
PI3K/AKT/mTOR signaling pathway, inflammation, and 
other carcinogenic processes, as well as apoptosis pro-
motion and anti-angiogenesis [83, 101–104, 149].

Additive risks of genetic factors
In this study, additive risks of PCa were identified when 
considering the interaction between different genes, and 
the interaction between gene and environment. Regard-
ing the gene-gene interaction, a trend where the cumu-
lative effect of SNPs contributes to an elevated risk of 
PCa among Chinese males was identified in this study. 
This trend predominantly involves genes associated with 
inflammatory response (COX1-COX2, NFKBIA) and 
those related to the PI3K/AKT/mTOR signaling pathway 
(Vav3, mTOR, AKT2). These findings parallel those of 
Takata et al. [150],where each variant exhibited an odds 
ratio (OR) ranging from 1.11 to 1.31, indicating a mod-
erate association with PCa risk. Notably, males carrying 
5–6 risk alleles showed a 2.19-fold increase in the risk 
of developing PCa compared to those carrying 0–2 risk 
alleles, underscoring the collective impact of independ-
ent risk loci in PCa occurrence.

Regarding the gene-environment interaction, within 
the studies included in our analysis, we observed a syn-
ergistic effect of genetic and environmental factors (such 
as smoking status, BMI, age, drinking status, ethnicity, 
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family history, and disease) on the risk of PCa in Chi-
nese males. Specifically, PRKCI rs4955720 C > A, AKT2 
rs7250897 T > C, and ADIPOQ rs182052 G > A were 
found to have no independent effect on the risk of PCa 
in Chinese males. However, when PRKCI rs4955720 
C > A interacted with non-smokers or individuals with 
low BMI, the risk of PCa in Chinese males was sig-
nificantly reduced (OR = 0.43–0.51). Conversely, when 
AKT2 rs7250897 T > C interacted with high BMI or older 
subjects, the risk of PCa in Chinese males significantly 
increased (OR = 1.58–1.83). These findings suggest that 
the incidence of PCa in China may be the result of a com-
bination of genetic background and lifestyle factors. Such 
findings aligned with previous studies which observed 
variations in PCa risk among different generations of 
Asian immigrants, indicating the importance of genetic 
background and lifestyle factors in PCa occurrence [5].

Genetic factors and clinical attributes
This study found that candidate genes and polymor-
phisms may be associated with PCa clinical character-
istics in addition to affecting the overall risk of PCa. In 
previous studies, it has been observed that a larger pro-
portion of PCa patients in China exhibit higher levels 
of PSA and Gleason scores, as well as poorer prognosis 
compared to Caucasian populations [54, 128].This sug-
gests that there may be racial differences in the biological 
characteristics of PCa between Chinese and Caucasian 
populations. In our study, we identified 16 genes with 23 
SNPs that play positive or negative roles in different dis-
ease biology characteristics such as disease stage, Glea-
son score, PSA levels, PCa risk, and clinicopathological 
characteristics. This indicates that the observed biologi-
cal differences between Chinese and Caucasian popula-
tions may be attributed to genetic factors. The candidate 
genes mTOR and GAS5 related to the PI3K/AKT/mTOR 
signaling pathway were the most frequently occurring 
genes and may be associated with advanced disease and 
high Gleason scores in Chinese PCa patients.

Recommendations for future research
In summary, we conducted a thorough and systematic 
assessment of the existing evidence regarding genetic 
factors in Chinese male PCa. We synthesized informa-
tion on candidate genes and susceptibility variants linked 
to PCa in Chinese males based on available data. Nev-
ertheless, larger-scale GWAS involving a larger Chinese 
population and mechanistic studies of candidate genes 
are needed to deepen our understanding of PCa suscepti-
bility and genetic mechanisms in China.

Based on our systematic review, we underscore the 
current status of genetic factors influencing PCa risk 
and provide insights into recommendations for future 

research. Our review identifies potential candidate 
genes for further mechanistic studies, aimed at elucidat-
ing the biological mechanisms by which genes impact 
PCa risk. This exploration could uncover potential tar-
gets for screening, diagnosis, and even treatment. Addi-
tionally, validation through further research with large 
sample sizes from diverse ethnic populations is crucial. 
Furthermore, there are ongoing developments in PCa 
genetic risk scoring, aimed at assessing disease suscep-
tibility, identifying high-risk individuals, and stratifying 
advanced PCa cases. To provide comprehensive informa-
tion on the role of genetic background in PCa incidence 
across different racial groups, more genomic research is 
needed.

Strengths and limitations of this review
One of the primary strengths of this review is the breadth 
of our literature search. We conducted systematic 
searches of both English and Chinese databases, ensur-
ing comprehensive coverage of relevant literature. Addi-
tionally, our analysis encompasses both candidate gene 
association studies (CGAS) and genome-wide associa-
tion studies (GWAS), offering a comprehensive overview 
of genetic factors in Chinese male PCa. Furthermore, all 
studies included in our review employed a case-control 
design, comparing PCa cases with non-PCa male con-
trols. This approach enables us to draw meaningful con-
clusions from the current data, summarizing candidate 
genes and susceptibility variants associated with PCa in 
the Chinese male population.

In discussing the limitations of our study, several key 
points should be addressed. Firstly, due to constraints 
regarding the number of articles and scope, we had to 
exclude articles published before 2012 and studies with 
fewer than 100 PCa patients. This exclusion may have led 
to the oversight of potentially significant findings. Sec-
ondly, our study did not incorporate meta-analyses and 
focused solely on case–control studies, thereby poten-
tially missing out on comprehensive comparative analy-
ses of potential genetic loci. Thirdly, our research solely 
examined genetic factors associated with the overall PCa 
risk, without further analysis of genetic factors’ impact 
on prognosis and response to drug therapy. Moreover, 
among the 41 articles included in our study, only 7 were 
GWAS studies, analyzing 1417–4484 PCa patients. The 
remaining 34 CGAS studies had considerably smaller 
sample sizes, ranging from 122 to 1004 patients. This dis-
parity in sample size compared to genetic studies in other 
populations might have influenced the robustness of our 
results. Additionally, the contradictory results for a few 
genes across different studies may be attributed to the 
influence of sample size.
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Conclusion
In conclusion, our systematic review comprehensively 
compiled and analyzed genetic susceptibility research 
on PCa in Chinese populations, identifying 28 genes and 
44 polymorphisms significantly associated with PCa, as 
well as 45 potential loci from GWAS screening. These 
findings provide crucial insights into the relationship 
between genetic susceptibility and PCa risk in Chinese 
men, highlighting the importance of gene-gene and gene-
environment interactions in shaping PCa risk. Further 
research is essential to unravel these complex mecha-
nisms and their role in the development of PCa in China.
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