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Introduction

Cancer has a major impact on public health and the econ-
omy. Worldwide, there were 14 million new cancer cases 
in 2012 and the number is projected to rise to almost 22 
million by 2030.1 Despite the efforts exerted by many 
researchers to elucidate the mechanisms of carcinogenesis, 
the process remains unclear to date. A variety of risk fac-
tors have been identified to contribute to cancer, including 
alcohol consumption, cigarette smoking, obesity, occupa-
tional exposures, family history of cancer and diet.2 
However, most individuals exposed to these environmen-
tal factors never develop cancer, while many cancer cases 
develop among individuals without those known risk fac-
tors, suggesting that genetic susceptibility is a more sig-
nificant indication of an individual’s risk of cancer.

The renin–angiotensin system (RAS) influences sodium 
balance, extracellular fluid volume and systemic vascular 
resistance.3 In addition, the local RAS in tissues may be 

related to the occurrence and development of tumors.4 
Angiotensin II, the major biologically active component of 
the RAS, exerts its effects via two distinct subtypes of angio-
tensin II receptors: the angiotensin II type 1 receptor (AGTR1) 
and angiotensin II type 2 receptor.5 The AGTR1 protein is a 
member of the 7-transmembrane G protein-coupled receptor 
family, and its expression is upregulated in most tumors.6

The AGTR1 gene is composed of five exons located on 
chromosome 3q, where the first four exons encode the 
5’-untranslated region. The A1166C polymorphism (single 
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nucleotide polymorphisms identifier: rs5186) is located in 
the 3’-untranslated region of AGTR1 and leads to the trans-
version of an adenine (A) to a cytosine (C) base at the 1166 
position.7 Previous meta-analyses suggested that the 
A1166C polymorphism in AGTR1 may be associated with 
susceptibility to hypertension and myocardial infarction.8,9

So far, several studies have explored the association 
between the A1166C polymorphisms of the AGTR1 gene 
and cancer risk. However, the conclusions have been 
inconsistent. Individual studies might have been under-
powered to detect overall effects. Some studies were lim-
ited by their sample size and subsequently were 
underpowered to detect effects that may exist. To evaluate 
the possible association between the AGTR1 gene A1166C 
polymorphism and cancer risk, we performed a meta-anal-
ysis by pooling all eligible studies to calculate the estimate 
of overall cancer risk, and to evaluate influence of cancer 
types and ethnicity.

Materials and methods

Selection of studies

All case-control studies assessing the association between 
the AGTR1 gene A1166C polymorphism and cancer risk 
published from May 2000 through May 2018 were identi-
fied by searching the PubMed and China National 
Knowledge Infrastructure databases. There was no lan-
guage limitation. The following search terms were used: 
‘cancer’, ‘angiotensin II type 1 receptor/AGTR1’, 
‘A1166C’ and ‘gene polymorphism’ for relevant citations. 
If more than one article was published using the same case 
series, only the study with the largest sample size was 
selected.

Inclusion and exclusion criteria

The studies included in the meta-analysis had to meet all 
the following inclusion criteria: (a) case-control studies 
addressing cancer cases and healthy controls; (b) studies 
examining the association between the AGTR1 gene 
A1166C polymorphism and susceptibility to cancer; and 
(c) studies including sufficient genotype data for extrac-
tion. The following studies were excluded: (a) not case-
control studies evaluating the association between the 
AGTR1 gene A1166C polymorphism and cancer risk; (b) 
case reports, letters, reviews, meta-analyses or editorial 
articles; and (c) investigation not providing detailed data 
of AT1R A1166C genotype distributions.

Data extraction

To improve the reliability of the data, information was 
extracted from all eligible publications by two investiga-
tors independently according to the following characteris-
tics: (a) name of the first author, (b) year of publication, (c) 

country, (d) ethnicity, (e) sample sizes of cases and con-
trols, (f) genotype distribution in cases and controls, and 
(g) P-value for Hardy–Weinberg equilibrium (HWE) test 
in controls. Different ethnicity descents were categorized 
as Asian and Caucasian. Cancer types were classified as 
breast cancer (BC) and other cancers.

Statistical analysis

The association between the AGTR1 gene A1166C poly-
morphism and the risk of cancer was estimated by calcu-
lating pooled odds ratios (ORs) and 95% confidence 
intervals (CIs) using homozygote comparison (CC vs AA), 
heterozygote comparison (AC vs AA), a dominant model 
(CC + AC vs AA) and a recessive models (CC vs AC + 
AA). The heterogeneity among these studies was checked 
by the I2 test; when I2 > 50% indicated heterogeneity 
across studies, the random effects model was used for 
meta-analysis or else the fixed effects model was used. 
Subgroup analyses were performed by ethnicity and can-
cer types. Sensitivity analysis was performed to evaluate 
the stability of the results by removing one single study 
from the overall pooled analysis each time to check the 
influence of the removed data set on the overall ORs. 
Publication bias was assessed by Begg’s test (P < 0.05 
was considered statistically significant). Data analysis was 
performed using STATA version 12.0 (Stata Corp LP, 
College Station, Texas, USA).

Results

Characteristics of the included studies

For cancer susceptibility related to the AGTR1 gene 
A1166C polymorphism, articles were retrieved via rele-
vant databases. The literature selection process is shown in 
Figure 1. Finally, a total of 10 case-control publications 
met our inclusion criteria, including 1553 cases and 1904 
controls.10–19 The genotype distributions of all articles 
were consistent with HWE except for Alves et al. and 
Fishchuk et al. Each study in one publication was consid-
ered as a data set separately for pooling analysis. There 
were three studies of Asian descendants and seven studies 
of Caucasian descendants. There were seven studies on 
BC, one study on prostate cancer, one studies on aldoster-
one-producing adenoma, and one study concerning endo-
metrial cancer. The general characteristics, and the allele 
and genotype distributions of the included articles, are 
shown in Table 1.

Quantitative synthesis

The main results regarding the meta-analysis and heteroge-
neity are listed in Table 2. Overall, no significant associa-
tion between the AGTR1 gene A1166C polymorphism and 
cancer was observed under all genetic models (Figure 2:  
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CC vs AA: OR = 1.09, 95% CI = 0.50–2.37; AC vs AA: 
OR = 1.54, 95% CI = 0.81–2.91; dominant model: OR = 
1.46, 95% CI = 0.77–2.79; and recessive model: OR = 
1.12, 95% CI = 0.84–1.49).

In the subgroup analysis based on ethnicity, results of 
subgroup analysis confirmed that there were not signifi-
cant associations between the AGTR1 gene A1166C 
polymorphism and cancer risk in both Asian and 

Figure 1. Flow diagram for the selection of publications.

Table 1. Characteristics of the included studies for meta-analysis.

Study included Year Area Race Cancer 
type

Cases/
controls

Genotypes for 
cases

Genotypes for 
controls

HWE test

 AA/AC/CC AA/AC/CC  

Alves 2009 Brazil Caucasian BC 101/307 65/31/5 157/135/15 0.04
Sierra 2009 Mexico Caucasian PC 20/38 4/16/0 6/19/13 0.83
Mendizabal-
Ruiz

2010 Mexico Caucasian BC 64/224 44/17/3 121/83/20 0.30

Namazi 2010 Iran Caucasian BC 70/70 40/30/0 38/28/4 0.69
Ouyang 2011 China Asian APA 148/192 96/43/9 102/73/17 0.45
Fishchuk 2013 Ukraine Caucasian BC 131/102 72/47/12 64/24/14 0.00
Ding 2014 China Asian BC 606/633 504/93/9 576/54/3 0.16
Rania 2014 Egypt Caucasian BC 70/50 37/31/2 38/12/0 0.33
Pringle 2016 Australia Caucasian EC 182/154 72/82/28 84/58/12 0.65
Singh 2017 India Asian BC 161/134 41/110/10 134/18/0 0.44

APA: aldosterone-producing adenoma; BC: breast cancer; EC: endometrial cancer; HWE: Hardy–Weinberg equilibrium; PC: prostate cancer.
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Caucasian populations. In the subgroup analysis by can-
cer type, no significant association was observed in 
both the BC and other cancer groups. In the subgroup 
analysis based on HWE, we detected no significant 
association between the AGTR1 gene A1166C polymor-
phism and cancer risk, especially regarding BC. No 
material alteration was detected, suggesting that our 
results are statistically robust.

Sensitivity analysis

A sensitivity analysis was conducted to evaluate the stabil-
ity of the results by deleting one study at a time. The results 
of the sensitivity analysis showed that no individual study 
significantly affected the pooled ORs (Figure 3).

Publication bias

A funnel plot and Begg’s test were used to assess publica-
tion bias. There was no evidence of publication bias in our 
study (Figure 4). The results imply that the publication 
bias was low in the present meta-analysis.

Discussion

Cancer is currently one of the leading causes of death 
worldwide. It is proving to be a serious socioeconomic 
burden on the healthcare systems of different countries 
and deteriorates the quality of life of patients.20 Despite 
advances in treatment, the prognosis still remains incom-
pletely understood. Cancer is a multifactorial disease and 
various studies suggest that environmental factors inter-
play with various polymorphisms in carcinogenesis. 
There is increasing evidence that the RAS influences tis-
sue angiogenesis, cellular proliferation, apoptosis and 
inflammation. In addition, previous studies have indi-
cated that AGT1R blockers inhibit tumor growth and 
angiogenesis.21

Previous studies have found that AGTR1 A1166C 
may be located in the binding site for microRNA-155 
(miR-155) and that the A allele enhances miR-155 bind-
ing affinity compared to the C allele, resulting in 
decreased AGTR1 protein expression.22 The expression 
of AGTR1 protein is upregulated in most tumors.6 
Theoretically, the A allele may be a protective factor in 
cancer development. To date, several meta-analyses 
have investigated the relationship between AGTR1 gene 
A1166C polymorphism and cancer risk, but the results 
have been inconclusive. Some studies found that that 
the CC homozygote might be a protective factor of BC 
development.23,24 Liu et al. found that the CC homozy-
gote was associated with a significantly decreased risk 
of cancer, especially in a Caucasian population. 
However, after removing non-HWE studies or small 
sample size studies, Liu et al. found that the significant 
association between AGTR1 gene A1166C polymor-
phism and cancer risk became null, suggesting that 
HWE violation and small sample sizes were significant 
sources of heterogeneity in the meta-analysis.25

In the present study, we included 10 case-control stud-
ies to perform a meta-analysis. The results suggested that 
the AGTR1 gene A1166C polymorphism was not associ-
ated with susceptibility to cancer. However, considering 
other possible confounding factors that would influence 
the results of the analysis, we further conducted several 
subgroup analyses. In the stratified analysis by ethnicity 
and cancer type, the results showed no significant associa-
tion with cancer. In addition, when stratifying via limiting 
studies that were consistent with HWE, the meta-analysis 
data yielded the same conclusions, suggesting that the 
meta-analysis was realistic. Furthermore, sensitivity and 
publication bias analyses were used to confirm the robust-
ness of our results. However, large and well-designed stud-
ies are warranted to validate our findings. Moreover, more 
gene–gene and gene–environment interactions should also 
be considered in future analyses, which should lead to 

Table 2. Summary of different comparative results.

Variables N CC vs AA AC vs AA Dominant model Recessive model

OR (95% CI) model OR (95% CI) model OR (95% CI) model OR (95% CI) model

Total 10 1.09 (0.50–2.37) R 1.54 (0.81–2.91) R 1.46 (0.77–2.79) R 1.12 (0.84–1.49) R
Ethnicity  
Asians 3 3.57 (0.37–34.54) R 2.87 (0.53–15.59) R 2.97 (0.53–16.66) R 1.39 (0.60–3.23) R
Caucasians 7 0.78 (0.33–1.84) R 1.14 (0.71–1.82) R 1.07 (0.66–1.71) R 0.98 (0.81–1.18) F
Cancer type  
BC 7 1.29 (0.47–3.56) R 1.78 (0.75–4.21) R 1.73 (0.72–4.12) R 1.14 (0.79–1.64) R
The others 3 0.73 (0.14–3.64) R 1.61 (1.04–2.49) R 1.06 (0.49–2.27) F 1.13 (0.80–1.58) F
HWE  
Yes 8 1.23 (0.42–3.64) R 1.73 (0.81–3.71) R 1.66 (0.76–3.64) R 1.23 (0.89–1.72) R
No 2 0.78 (0.40–1.50) R 0.87 (0.61–1.26) R 0.84 (0.60–1.19) R 0.76 (0.55–1.07) R

BC: breast cancer; CI: confidence interval; F: fixed effects model; HWE: Hardy–Weinberg equilibrium; OR: odds ratio; R: random effects model.
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better, more comprehensive understanding of the associa-
tion between this polymorphism and cancer risk.

Some limitations of our meta-analysis should be men-
tioned. First, lack of the original information of the included 
publications limited further evaluation of gene–gene and 
gene–environment relationships. Second, all included stud-
ies were retrospective studies, which may result in subject 
selection bias, therefore affecting the reliability of the final 

results. Third, this meta-analysis only included published 
literature, and there may have been some relevant unpub-
lished studies, possibly introducing publication bias.

In summary, our study suggests that the AGTR1 gene 
A1166C polymorphism might not be associated with can-
cer risk. Large-scale case-control studies are warranted to 
investigate the possible gene–gene and gene–environment 
interrelationships in terms of cancer risk.

Figure 2. Forrest plot of odds ratios for association between the AGTR1 gene A1166C polymorphism and cancer.
CI: confidence interval; ID: identifier; OR: odds ratio.
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