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Abstract 

Objective: This meta-analysis aims to explore the association between angiotensin-converting enzyme (ACE) inser-
tion/deletion (I/D) gene polymorphism and susceptibility to prostate cancer (PCa).

Methods: We searched studies related to ACE I/D polymorphism and susceptibility to PCa through PubMed, Web of 
Science, Embase, Cochrane Library, and Scopus databases from inception to June 1, 2022. Five gene models, includ-
ing allelic, dominant, recessive, homozygote, and heterozygote models, were analyzed. The pooled odds ratio (OR) 
was calculated using Stata 15.0 software. Publication bias was judged by the funnel plot and Egger’s test, with the 
robustness of the findings verified by sensitivity analysis.

Results: Eight published articles (including ten studies) were identified. The pooled results showed that ACE I/D 
locus polymorphism was significantly correlated with the risk of PCa under all gene models except for the heterozy-
gous model (D vs. I: OR= 1.58, 95% CI: 1.14–2.21; DD vs. DI+II: OR=1.68, 95% CI: 1.11–2.54; DD+DI vs. II: OR=1.76, 95% 
CI: 1.11–2.80; DI vs. II: OR= 1.44, 95% CI: 0.99–2.10; DD vs. II: OR= 2.12, 95% CI: 1.15–3.93). Subgroup analysis based 
on genotype frequencies in the control group meeting Hardy-Weinberg equilibrium showed statistically significant 
differences in all gene models. The funnel plot and Egger’s test indicated no publication bias. The sensitivity analysis 
verified the robustness of the conclusions obtained in this meta-analysis.

Conclusion: ACE I/D locus polymorphism correlates to PCa risk. Allele D, genotype DD+DI, and DD at the ACE I/D 
locus increase susceptibility to PCa and can therefore serve as a potential diagnostic and screening molecular marker 
for PCa patients.

Keywords: Angiotensin-converting enzyme (ACE), Susceptibility, Prostate cancer, Meta-analysis

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
The incidence and mortality of cancer are increasing 
year by year globally, and in 2018, cancer has become the 
leading cause of death, resulting in more than 9.6 million 
deaths worldwide [1]. According to the statistics in 2019, 
prostate cancer (PCa) was a male malignant tumor with 
the widest distribution and highest prevalence in devel-
oped countries, and its incidence had surpassed that of 
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lung cancer and ranks first among males [2]. This latest 
analysis also predicted that in 2020 in the USA, 191,930 
new males would suffer from PCa, accounting for 21% 
of all new cancer cases and showing an increasing trend 
compared to less than 20% before 2018; about 33,330 
diagnosed patients eventually die for it, with the mor-
tality rate second only to lung cancer among men [2]. In 
2020, PCa in men over 50 years of age resulted in 3.5 mil-
lion years of life loss, with 40% of patients occurring in 
men aged over 75 [3]. This cancer imposes a huge global 
burden and is expected to increase over time [3]. There-
fore, identifying risk factors for PCa is essential to obtain 
an insight into his disease and contributes to exploring 
possible therapeutic measures.

Angiotensin-converting enzyme (ACE), also known as 
kininase II, is a crucial position in the renin-angiotensin-
aldosterone system (RAAS) system [4]. ACE is a zinc-
containing peptidyl dipeptidase consisting of 1306 amino 
acids [4]. ACE has homologous domains, and is widely 
expressed in humans, such as in coronary arteries, renal 
vascular endothelial cells, and capillary endothelial cells 
[5–7]. The ACE gene contains 26 exons and 25 introns, 
with a length of approximately 21 kb and a location at 
chromosome 17q23 [8]. The ACE gene has a 287-bp 
insertion/deletion (I/D) polymorphism in intron 16 and 
is divided into homozygous II (490 bp), homozygous DD 
(190 bp), and heterozygous ID [8].

A meta-analysis by Wang et al. [9] in 2018 determined 
a correlation between ACE I/D polymorphism and PCa 
susceptibility, but this study had significant limitations 
of a small number of included articles and inadequate 
robustness of the conclusion. Afterward, there are still 
many individual studies published on ACE I/D poly-
morphism and PCa susceptibility [10–12]. Therefore, 
this study used meta-analysis to investigate the associa-
tion between the two in order to provide evidence-based 
medical evidence for proving whether ACE I/D polymor-
phism can be considered as a potential diagnostic and 
screening molecular biomarker in PCa patients.

Methods
This study was performed under the guidelines of the 
Preferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) [13]. Online registration has 
been accepted by PROSPERO (CRD42022356555).

Literature retrieval
Relevant studies on ACE I/D polymorphism and suscep-
tibility to PCa were collected from PubMed, Web of Sci-
ence, Embase, Cochrane Library, and Scopus databases, 
with time span from inception to June 1, 2022. The lan-
guage was limited to English. The main combined search 
terms were as follows: (“Angiotensin-converting enzyme” 

OR “ACE”) AND (“Prostate cancer” OR “prostate car-
cinoma” OR “prostate tumor”) AND (“polymorphism” 
OR “single nucleotide polymorphism” OR “mutation”). 
The detailed search results in Pubmed were provided in 
Supplementary Table  1. Additionally, the references of 
included qualified studies were further tracked to obtain 
more favorable qualified literature. Literature retrieval 
was done by two authors jointly, and their results were 
cross-checked. Besides, the discussion was required in 
cases of disagreements.

Inclusion and exclusion criteria
Articles satisfying all the following criteria were included 
(1) literature providing evaluation on the relationship 
between ACE I/D polymorphism and PCa risk directly 
and indirectly; (2) a case-control or cohort study; (3) with 
PCa patients as study subjects; (4) with non-PCa cases 
(healthy population or hospital controls) as controls; and 
(5) English literature. Exclusive criteria were as follows: 
(1) cell experiments, animal experiments, letters, confer-
ence abstracts, and reviews; (2) literature without valid 
raw data; (3) duplicate reports of the same batch of speci-
mens; and (4) the Newcastle-Ottawa Scale (NOS) score 
less than six.

Literature quality assessment and data extraction
The NOS scale [14] assessed the risk of bias of the 
included studies based on three categories: selection of 
cases and controls, comparability between cases and con-
trols, and exposure/outcome. The total score of NOS is 
nine points, and our analysis was restricted to high-qual-
ity studies, as defined by a NOS score equal to or higher 
than six. Two authors independently screened articles, 
and then extracted the data from eligible ones and evalu-
ated their quality. Their results were cross-checked, and 
discussion was required if disagreed. The extracted data 
mainly included first author, publication time, region, 
age, source of the control group, genotyping technique, 
and the number of each genotype of the cases and 
controls.

Statistical analysis
Data processing was performed using Stata 15.0 (Stata 
Corporation, College Station, TX, USA). Five gene mod-
els were analyzed, which were the allelic model (D vs. I), 
dominant model (DD+DI vs. II), recessive model (DD vs. 
DI+II), homozygote model (DD vs. II), and heterozygote 
model (DI vs. II). The odds ratio (OR) and 95% confidence 
interval (CI) were used to assess the strength of the asso-
ciation between ACE I/D polymorphism and susceptibil-
ity to PCa. Furthermore, the heterogeneity among studies 
was assessed by Cochrane’s Q test and I2 statistic [15]. if 
I2 ≥ 50% or P ≤ 0.1, indicating significant heterogeneity, 
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the data were combined using the random-effects model 
(REM); conversely, the fixed-effects model (FEM) was 
used. Subgroup analyses based on ethnicity and Hardy-
Weinberg equilibrium (HWE) were carried out to inves-
tigate the source of heterogeneity. Potential publication 
bias was measured using the funnel plot and Egger’s 
regression test. Finally, the robustness of the conclu-
sions obtained was verified by sensitivity analysis. The 
specific operation of sensitivity analysis was to conduct 
a meta-analysis again after eliminating each study and 
then compared the differences between the results of the 
re-combination and those before exclusion. P < 0.05 was 
considered statistically significant.

Results
Search results and basic characteristics of included studies
A total of 189 articles were retrieved, and 26 were 
obtained after excluding duplicated ones and read-
ing titles and abstracts (Fig. 1). Next, the full text of the 
remaining articles was reviewed. Finally, eight eligible 
literature was identified [10–12, 16–20], including 817 
patients with PCa and 6917 controls. Two of the eight 
[10, 11] reported two different controls, so the two 

articles contained four studies. Finally, 10 studies were 
included in this meta-analysis, with eight studies in Cau-
casian populations, one in the Chinese population, and 
one in the Mexican population with basic characteristics 
in Table 1, with all included studies high-quality studies 
having NOS scores greater than six points.

Meta‑analysis results
Analysis of heterogeneity
Significant heterogeneities across studies were identified 
in the models of allelic (I2 = 85.4%, P < 0.001), recessive 
(I2= 79.3%, P < 0.001), dominant (I2 = 71.0%, P < 0.001), 
heterozygous (I2= 48.7%, P = 0.041), and homozygous 
(I2= 79.6%, P < 0.001) gene, so the REMs were used 
(Fig. 2A–E).

Comparison of allele model
The results (Fig. 2A) showed that the allele D of the ACE 
I/D gene variant increased the risk of PCa compared with 
the allele I (D vs. I: OR= 1.58, 95% CI: 1.14–2.21, P = 
0.007).

Fig. 1 Screening flow chart of included literature
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Fig. 2 Forest plots of meta-analysis of ACE I/D polymorphism associated with susceptibility to prostate cancer. ACE I/D: angiotensin-converting 
enzyme insertion/deletion. A Model of allelic gene. B Model of recessive gene inheritance. C Model of dominant gene inheritance. D Model of 
heterozygous gene inheritance. E Model of homozygous gene inheritance
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Comparison of other genetic models
According to analysis results, except for the heterozygous 
model (Fig.  2D), the differences in the models of reces-
sive (Fig. 2B), dominant (Fig. 2C), and homozygous gene 
(Fig. 2E) reached significance (DD vs. DI + II: OR = 1.68, 
95% CI: 1.11–2.54, P = 0.015; DD + DI vs. II: OR = 1.76, 
95% CI: 1.11–2.80, P = 0.016; DI vs. II: OR = 1.44, 95% 
CI: 0.99–2.10, P = 0.055; DD vs.II: OR = 2.12, 95% CI: 
1.15–3.93, P = 0.016).

Subgroup analysis
As shown in Fig. 2A, the heterogeneity in the allele model 
showed no marked decrease based on ethnicity. The sub-
group analysis of seven studies with the controls meet-
ing the HWE suggests a significant difference (OR= 1.70, 
95% CI:1.18–2.46, P= 0.005), but the heterogeneity still 
had no significant reduction (I2= 84.2%, P < 0.001) (Sup-
plementary Fig. 1A).

The heterogeneities across studies showed no marked 
decrease under the recessive, dominant, heterozy-
gous, and homozygous gene models based on ethnicity 
(Fig. 2B–E). The subgroup analysis based on the controls 
meeting the HWE (Supplementary Fig. 1B–E) indicated 
that the differences of the pooled ORs were statistically 
significant in the dominant, recessive and homozy-
gous gene models (DD + DI vs. II: OR = 1.84, 95% CI: 
1.22–2.78, P = 0.004; DD vs. DI + II: OR = 1.86, 95% 
CI: 1.10–3.14, P = 0.021; DD vs.II: OR = 2.56, 95% CI: 
1.32–4.96, P = 0.005), but heterogeneity did not decrease 
significantly. However, in the heterozygous gene model, 
heterogeneity reduced significantly (I2= 0.0%, P > 0.1), 
with the difference of the pooled OR significant (DI vs.II: 
OR= 1.35, 95% CI: 1.07–1.72, P = 0.013). Collectively, 
these data revealed an association of ACE I/D polymor-
phism with susceptibility to PCa.

Detection of publication bias
The P-values of Egger’s test in the allelic, recessive, domi-
nant, heterozygous, and homozygous models were 0.088, 
0.115, 0.086, 0.105, and 0.077, respectively, which were all 
not statistically significant. Moreover, no obvious asym-
metry was found in the funnel plots (Supplementary 
Fig. 2A–E). These results suggested no publication bias in 
our study.

Sensitivity analysis
We performed sensitivity analysis by removing the rel-
evant individual studies one by one for those which met 
the HWE in the control group (Fig.  3A–E). The results 
demonstrated no significant changes in the pooled ORs 
in the allelic (Fig. 3A), dominant (Fig. 3C), and homozy-
gous genetic models (Fig. 3E). However, in the recessive 

and heterozygous models, the pooled ORs were signifi-
cantly changed after the removal of four studies [10, 16, 
18, 19] and one study [19], respectively. Therefore, the 
conclusions for the recessive and heterozygous models 
were somewhat unstable.

Discussion
The objective of this meta-analysis aims to investigate 
the relationship between ACE I/D gene polymorphism 
and susceptibility to PCa. In accordance with strict 
inclusion and exclusion criteria, eight articles (10 stud-
ies) [10–12, 16–20] were identified in this systematic 
review. The analysis results determined an association of 
ACE I/D polymorphism with susceptibility to PCa, espe-
cially in the models of the allelic, dominant, recessive, 
and homozygous genes. At the same time, we noted that 
there was large heterogeneity in the analysis of these gene 
models (Fig. 2A–E). Heterogeneity did not reduce based 
on subgroup analysis of ethnicity, indicating ethnic-
ity might not be a major source of heterogeneity. Of the 
eight articles included, six were the Caucasian population 
[10–12, 16, 17, 20], one Mexican [18], and one Chinese 
[19]. Therefore, although the differences of the Mexican 
and Chinese populations were statistically significant in 
the allelic, dominant, recessive, and homozygous models, 
we could not draw a conclusion yet because of the lim-
ited studies. Although the Caucasian population, which 
accounted for a large proportion, had no significant dif-
ference in all models, the conclusions could not be drawn 
for the time being due to the large heterogeneity. There-
fore, the differences between ACE I/D polymorphism 
and prostate cancer susceptibility are inconclusive among 
the populations in different regions, which need to be 
verified by more studies in the future.

Furthermore, in the subgroup analysis based on geno-
type frequency in the control group meeting HWE (Sup-
plementary Fig. 1A), the difference in the pooled OR was 
statistically significant in allelic models, but no signifi-
cant decrease in heterogeneity. In addition, heterogene-
ity had no marked reduction in dominant, recessive, and 
homozygous gene models across studies with controls 
in HWE (Supplementary Fig. 1C, B, E). However, in the 
heterozygous model (Supplementary Fig.  1D), hetero-
geneity decreased significantly, and the difference in the 
pooled ORs was also statistically significant. Further-
more, Egger’s test showed no significant differences in 
all models, and the funnel plots did not show significant 
asymmetry (Supplementary Fig.  2A-E), suggesting no 
marked publication bias in this review. In the sensitivity 
analysis (Fig. 3), the conclusions in the dominant, allelic, 
and homozygous models were robust, while the findings 
in the recessive and heterozygous models were some-
what unstable. Collectively, this meta-analysis depicts an 
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Fig. 3 Sensitivity analysis of subgroup with genotypic frequencies satisfying HWE in the control group. A Model of allelic gene. B Model of 
recessive gene inheritance. C Model of dominant gene inheritance. D Model of heterozygous gene inheritance. E Model of homozygous gene 
inheritance. HWE, Hardy-Weinberg equilibrium
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association of ACE I/D polymorphism with susceptibility 
to PCa.

A systematic review by Wang et  al. [9], including five 
articles, reported that the OR was 1.56 (95% CI: 1.00–
2.46) in the allele model, while no significant difference 
existed in the recessive gene model. However, the results 
in the allele model seemed to be not stable enough, for 
the 95% lower limit of the OR value was almost lower 
than 1. The sensitivity analysis in our study verified the 
robustness of the conclusions in the allelic model. Addi-
tionally, different from the findings in the study by Wang 
et al. [9], the result of this meta-analysis was significant in 
the recessive gene model. The difference in conclusions 
might be due to the fact that more studies were enrolled 
in our meta-analysis, thus making our meta-analysis 
more robust.

It is well-known that genetic variants may alter the 
function of proteins and individual susceptibility to can-
cer [10, 11]. The ACE gene is involved in the pathogen-
esis of cancer [9, 21]. Some polymorphic loci in the ACE 
gene may contribute to PCa development. Song et  al.’s 
study [22] revealed that the use of ACE inhibitors or 
angiotensin receptor blockers in cancer patients reduced 
cancer recurrence and mortality by 40–25%. However, 
Siltari et al. reported that the use of ACE inhibitors could 
increase the risk of prostate cancer [23].

Limitations unavoidably exist in this study. First of all, 
only eight articles were identified in this study, with a 
sample size small, leading to some impact on the robust-
ness of the findings. Then, only researches published in 
English were enrolled in the meta-analysis, and high-
quality studies published in other languages or those not 
yet published may have been missed, causing potential 
publication bias. Third, the conclusions of the recessive 
and heterozygous models were somewhat unstable in the 
sensitivity analysis. Fourth, only subgroup analyses based 
on ethnicity and HWE were conducted to investigate the 
sources of heterogeneity across the studies, but other 
factors affecting heterogeneity failed to be determined. 
Fifth, due to the limited information provided by the 
included literature, no further exploration and analysis 
were carried out on the interrelationship between genes 
and genes, and between genes and environment.

In conclusion, this study indicates an association of 
ACE I/D gene polymorphism with susceptibility to 
PCa through the method of meta-analysis. Specifi-
cally, allele D, genotype DD+DI, and DD at the ACE 
I/D locus increase the susceptibility to PCa. Therefore, 
ACE I/D polymorphism can be adopted as a diagnostic 
and screening biomarker for PCa patients. Moreover, 
a certain reference for individualized immunotherapy 
for PCa patients according to ACE I/D polymorphism 

was offered in this meta-analysis. However, consid-
ering the limitations of this study, more rigorously 
designed and large-scale researches are still needed to 
further verify the relationship between ACE I/D poly-
morphism and the PCa risk.
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