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Abstract: Background: To investigate the relationship between angiotensinogen (AGT) gene M235T polymorphism 
and hypertrophic cardiomyopathy (HCM) to explore the potential role of the AGT polymorphism in HCM. Methods: 
PubMed, Embase, OVID, Cochrane library, CNKI, Wan Fang Database were searched to identify the studies involv-
ing AGT M235T polymorphism and HCM. Two authors performed independent literature review and study quality 
assessment using the Newcastle-Ottawa Scale (NOS) checklist. A random-effects model was used to calculate the 
overall combined risk estimates. Results: Nine studies involving 887 cases and 1407 controls were included in our 
meta-analysis. No significant associations were found between AGT M235T polymorphism and HCM (allele model T 
vs M: OR = 1.17, 95% CI = 0.95-1.45; dominant model TT vs (MM/MT): OR = 1.21, 95% CI = 1.00-1.45; recessive 
model (TT/MT) vs MM: OR = 1.12, 95% CI = 0.87-1.45; heterozygous comparison MT vs MM: OR = 1.07, 95% CI = 
0.82-1.41; homozygous comparison TT vs MM OR = 1.19, 95% CI = 0.88-1.61. In subgroup analysis, the significant 
difference of association between AGT M235T polymorphism and HCM existed in Asian and sporadic hypertrophic 
cardiomyopathy (SHCM), but no significant difference was found in Europeans and familial hypertrophic cardio-
myopathy (FHCM). Conclusions: There is no association between AGT M235T polymorphism and HCM in general 
populations, but such a relationship exists in Asians and SHCM. 
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Introduction

Hypertrophic cardiomyopathy (HCM) is charac-
terized by left ventricular hypertrophy (LVH) 
with impaired diastolic function [1]. The preva-
lence of the disease is about 1 in 500 in gen-
eral populations [2]. HCM is a primary autoso-
mal dominant inherited disorder affecting heart 
muscle with heterogeneity in its clinical mani-
festations, natural history, and prognosis. It 
has an incidence of about 2.5 per 100,000 per 
year and its mortality rate is 0.7% per year, 
which attributes to the common cause of sud-
den cardiac death in young people and athletes 
[2, 3]. It is estimated that familial hypertrophic 
cardiomyopathy (FHCM) accounts for two-thirds 
cases of HCM with at least two affected close 
relatives in each family [4]. Therefore, risk strat-
ification and early identification of high-risk 
patients are important in clinical practice.

Mutations in genes encoding sarcomere pro-
tein account for the most important class in 

HCM. To date, at least 18 gene mutations cod-
ing for sarcomere proteins have been identified 
in patients with HCM [5]. In some cases, 
although family members have the same identi-
cal mutation, some of them do not develop dis-
ease. Environment factors, age, sex, and modi-
fier genes may account for the variations. It is 
reported that renin-angiotensin system (RAS) 
plays an important role in cellular hypertrophy, 
blood pressure, cell proliferation, and cardiac 
function [6]. Angiotensinogen (AGT) gene is the 
main component of RAS, which is located at 
chromosome lq42-43, with 12,000 bp in length 
and five exons and four introns [7]. AGT is pro-
duced by the liver and converted to angiotensin 
I by renin. Angiotensin I is further converted to 
angiotensin II. The M235T (rs699) polymor-
phism, altering methionine to threonine at resi-
due 235 of the mature protein, has been asso-
ciated with high plasma AGT levels among 
patients with the T allele [8]. It is reported that 
AGT M235T polymorphism has been associat-
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ed with cardiovascular disease risk such as 
myocardial infarction, LVH and coronary athero-
sclerosis [5]. However, inconsistent results 
were observed in literatures.

In order to further evaluate the association 
between AGT M235T polymorphism and hyper-
trophic cardiomyopathy risk, we therefore per-
formed a systematic meta-analysis of all avail-
able data from case-control studies, aiming to 
better understand the relationship between 
AGT M235T polymorphism and hypertrophic 
cardiomyopathy susceptibility.

Methods 

We attempted to follow the proposed MOOSE 
(Meta-Analysis of Observational Studies in 
Epidemiology) 10 guidelines to report the pres-
ent meta-analysis [9].

Literature search strategies

We searched PubMed, Embase, OVID, Cochrane 
library, CNKI (Chinese National Knowledge 
Infrastructure), Wanfang Databases through 
October 2014, and systematically identified 
case-control studies with the use of a standard-
ized protocol. The following search terms were 
used: 1) renin-angiotensin-aldosterone system, 
renin-angiotensin system, angiotensinogen; 2) 
hypertrophic cardiomyopathy, HCM, familial 
hypertrophic cardiomyopathy, FHCM, sporadic 
cardiomyopathy, SHCM; 3) polymorphism, mu- 
tation. The search was limited to articles in 
English and Chinese. Two reviewers (J.-L.Y. and 
Y.-F.Z.) independently evaluated identified titles 
and abstracts, and manuscripts were retrieved 
for any publication that either review consid-
ered as potentially relevant. Additional publica-
tions were sought using the reference lists of 
identified papers; published reviews on the 
topic. The results sections and tables of these 
studies were then examined to see if data on 
M235T genotype were reported. 

Study selection

Two blinded reviewers re-evaluate all of the 
abstracts and manuscripts identified as poten-
tially relevant, and publications were selected 
for this review if both reviewers concluded that 
they met the following criteria: 1) the study was 
a case-control study; 2) the study was about 
the relationship between AGT M235T genotype 

and cardiovascular risk; 3) the control groups 
were healthy people; and 4) Odds ratio (OR) and 
the corresponding 95% confidence interval (CI) 
(or data to calculate them) were reported; 5) of 
HWE (Hardy-Weinberg equilibrium) in control (P 
> 0.05); 6) if the same population was studied 
in more than one study, we included the study 
with the larger sample size and more compre-
hensive outcome evaluation. Studies were 
included in this review if both authors consid-
ered relevant. Any discordance between review-
ers was resolved by consensus.

Data extraction 

Data extraction was then performed using a 
standardized data-collection form: first author’s 
name; year of publication; country of origin; eth-
nicity; source of controls; number of genotypes 
in cases and controls; the P value of Hardy-
Weinberg equilibrium (HWE) in control. If any 
data essential to the analysis were not avail-
able from a study, best efforts were made to 
contact the authors to fill in the missing data. 
Two authors independently conducted the data 
extraction. Any disagreements were resolved 
by discussion. 

Quality assessment

The quality of studies was independently 
assessed by two reviewers using the 9-point 
Newcastel-Ottawa Scale (NOS). The quality of 
each study was assessed based on three broad 
perspectives including selection, comparability, 
and exposure. A total score of seven or greater 
indicated that one study was of high quality.

Statistical analysis

OR and 95% CIs were calculated to assess the 
strength of the association between AGT 
M235T polymorphism and hypertrophic cardio-
myopathy. The pooled ORs were calculated 
using five models: allele model (T allele vs M 
allele), dominant model (TT + MT vs MM), reces-
sive model (TT vs MM + MT), homozygous com-
parison (TT vs MM), and heterozygous compari-
son (MT vs MM). Homogeneity of ORs across 
studies was tested using the Q statistic (signifi-
cance level at P < 0.10). The I2 statistic, which 
is a quantitative measure of inconsistency 
across studies, was also calculated [10]. If I2 
>50%, the results were pooled using a random 
effect model; otherwise, the fixed model was 
used [11]. 
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HWE was examined in the control group using 
Pearson’s chi square test, and P < 0.05 was 
considered as a significant selective bias. 
Potential publication bias was assessed by 
visual inspection of the funnel plots, in which 
the log ORs were plotted against their SEs. We 
also performed the Begg rank correlation test 
and Egger linear regression test at the P < 0.10 
level of significance [12, 13]. If an asymmetric 
funnel plot was found, a contour-enhanced fun-
nel plot was used to further explore the source 
of bias. A P value < 0.05 was considered statis-
tically significant, except where otherwise spec-
ified. All analyses were performed using STATA 
version 12.0 (StataCorp LP, College Station, 
Texas). 

Results

Study selection and characteristics

A total of 206 records were identified by initial 
search in the selected database (Figure 1). 
After screening the titles and abstracts, 18 
studies [14-31] were preliminarily included for 
further full-text identification. Then, we exclud-
ed studies based on the following reasons: two 
studies [21, 28] written in Russian, 2 studies 
[23, 31] as duplicated reports, 3 studies [25-
27] not the case-control studies, 1 study with 
no sufficient data [22], 2 studies not related to 
M235T mutation [17, 24]. Consequently, 8 pub-
lications were included in our meta-analysis 
(details in Figure 1). Notably, one publication 
including two different groups was considered 
as separate studies. Thus, 9 studies from 8 
articles [14-16, 18-20, 29], involving 887 cases 

Statistical results

Overall, no significant association was detected 
between the AGT M235T polymorphism and 
hypertrophic cardiomyopathy risk in the four 
genetic models (allele model: OR = 1.17, 95% CI 
= 0.95-1.45, P = 0.147, Figure 2; dominant 
model: OR = 1.12, 95% CI = 0.87-1.45, P = 
0.374; homozygous comparison: OR = 1.19, 
95% CI = 0.88-1.61, P = 0.251; heterozygous 
comparison: OR = 1.07, 95% CI = 0.82-1.41, P 
= 0.611), except recessive model (OR = 1.21, 
95% CI = 1.00-1.45, P = 0.047, Table 3). There 
was no evidence of heterogeneity for these out-
comes (seen in Table 2).

We also performed subgroup analyses by HCM 
subtypes and ethnicity. As shown in Figure 3, 
we found that the variant homozygotes were 
significantly associated with increased suscep-
tibility for SHCM (recessive model: OR = 2.06, 
95% CI = 1.48-2.87, P < 0.001). Similar results 
were obtained in other three genetic models 
(allele model: OR = 1.87, 95% CI = 1.41-2.47, P 
< 0.001; dominant model: OR = 2.58, 95% CI = 
1.12-5.94, P = 0.026; homozygous compari-
son: OR = 3.33, 95% CI = 1.43-7.77, P = 0.005). 
However, we observed no significant results in 
subgroup of FHCM. In terms of subgroup of eth-
nicity, the results suggested that AGT M235T 
polymorphism may increase the risk of HCM 
under recessive model (OR = 1.29, 95% CI = 
1.04-1.59, P = 0.019) in Asians (Figure 4). The 
heterogeneity among the included 9 studies is 
not significant except the allele model (details 
in Table 3).

Figure 1. Flow chart of study chart.

and 1,407 controls were iden-
tified in total. The baseline 
characteristics of each study 
were presented in Table 1. 
Among all the included stud-
ies, 4 studies [14, 18, 30] 
(from 3 articles) analyzed 
HCM subtype (FHCM and 
SHCM) Genotypic distribution 
of studied SNP in controls was 
in accordance with HWE (P > 
0.05) and the quality of all 
studies was considered as 
high with the average score of 
about 7.44 per study. The 
characteristics of all included 
studies are summarized in 
Table 1. 
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Table 1. Characteristics of 8 case-control studies of AGT M235T polymorphism and HCM 

Study Year Country Ethnicity
HCM  

Genotypes
Control  

Genotypes
Allelic frequency 
(Case/Control) Source of control HWE 

Y/N (P)
Study 
score

TT MT MM TT MT MM T M
Rao 2011 India Asian 70 68 12 65 85 15 208/215 92/115 Age and sex matched healthy subjects Y (0.08) 8

Coto 2010 Spain European 41 100 64 60 145 95 182/265 228/335 Ethnic matched healthy subjects Y (0.73) 7

Chen 2010 China Asian 36 42 16 52 50 18 114/154 74/86 Hospital-based individals did not have symptoms of cardiovascular disease Y (0.30) 7

Cai 2004 China Asian 45 22 5 36 30 14 112/102 32/58 Healthy subjects Y (0.09) 7

Kawaguchi-a 2003 Japan Asian 67 28 1 94 61 5 162/249 30/71 Healthy subjects Y (0.19) 8

Kawaguchi-b 2003 Japan Asian 67 28 1 63 38 4 162/164 30/46 Relatives of HCM patients Y (0.55) 8

Yang 2002 China Asian 42 17 4 45 30 11 101/120 25/52 Healthy subjects Y (0.11) 7

Lopez-Haldon 1999 Spain European 7 20 13 54 128 87 34/236 46/302 Healthy subjects Y (0.58) 7

Yamada 1997 Japan Asian 37 29 5 76 44 2 103/196 39/48 Healthy subjects Y (0.12) 8

Table 3. Subgroup analysis of different genetic models by ethnicity and disease subtype

Subgroup Number
 T vs M TT + MT vs MM TT vs MM + MT MT vs MM TT v sMM

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P
FHCM 4 1.87 (1.41, 2.47) < 0.001 2.58 (1.12, 5.94) 0.026 2.06 (1.48, 2.87) < 0.001 1.82 (0.76, 4.37) 0.177 3.33 (1.43, 7.77) 0.005

SHCM 4 1.09 (0.71, 1.68) 0.699 0.99 (0.50, 1.97) 0.975 1.02 (0.72, 1.46) 0.894 0.96 (0.47, 1.99) 0.919 0.96 (0.47, 1.98) 0.919

Asian 7 1.00 (0.80, 1.24) 0.963 1.02 (0.72, 1.42) 0.933 0.96 (0.65, 1.43) 0.857 1.03 (0.72, 1.47) 0.877 0.98 (0.63, 1.54) 0.933

European 2 1.25 (0.94, 1.67) 0.120 1.30 (0.87, 1.92) 0.207 1.29 (1.04, 1.59) 0.019 1.14 (0.75, 1.75) 0.546 1.48 (0.74, 2.94) 0.107
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Publication bias

Begg’s funnel plot and Egger’s test were appli- 
ed to assess the publication bias of studies in 
this meta-analysis. As shown in Figure 5, the 
funnel plots seemed symmetrical in allele 
model, and the result of Begg’s test (P = 0.251 
for allele model, P = 0.348 for dominant model, 
P = 0.602 for recessive model, P = 0.348 for 
homozygous comparison, P = 0.251 for hetero-
zygous comparison) confirmed no significant 
pub-lication bias existing in our study. Similar 
results were observed in the Egger’s test (P = 
0.321 for allele model; P = 0.376 for dominant 
model; P = 0.867 for recessive model; P = 
0.415 for homozygous comparison; P = 0.497 

trophy. Angiotensinogen (AGT) is a glycoprotein 
consisting of 485 amino acids produced by the 
hepatocytes and released into the circulation. 
It is the precursor peptide of Ang II, which can 
exerts inotropic, hypertrophic and apoptotic 
effects on cardiomyocytes and is the central for 
any process involving in control of hypertrophy 
and heart failure [6]. Since the cardiac RAS 
plays an important role in the development of 
cardiac hypertrophy, the concentration of 
angiotensinogen is rate limiting in the produc-
tion of angiotensin I, which plays a significant 
role in the regulation of angiotensin II produc-
tion. AGT gene is located on chromosome lq42 
and comprises five exons and four introns span-
ning 12 kb [7]. The M235T polymorphism of the 

Figure 2. Forest plot of AGT M235T polymorphism and HCM in allelic model. 

Table 2. Odds ratio and heterogeneity tests for AGT M235T poly-
morphism and HCM in different models

HCM vs control I2 Model Odds ratio
95% CI

L limit U limit P-value
T vs M 57% Random 1.17 0.95 1.45 0.147
TT+MT vs MM 24% Fixed 1.12 0.87 1.45 0.374
TT vs MM + MT 40% Fixed 1.21 1.00 1.45 0.047
MT vs MM 0 Fixed 1.07 0.82 1.41 0.611
TT vs MM 42% Fixed 1.19 0.88 1.61 0.251

for heterozygous comparison; 
respectively).

Discussion

The renin-angiotensin system 
(RAS) plays an important role 
in the development of LVH 
because of its action on cell 
proliferation, cellular hyper-
trophy, and in part of the 
development of cardiac hyper-
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Figure 3. Forest plot of AGT M235T polymorphism and SHCM in recessive model.

Figure 4. Forest plot of AGT M235T polymorphism and HCM in Asians in recessive model. 
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AGT gene is associated with increased plasma 
levels of AGT [32]. Thus, the polymorphism of 
AGT M235T may have relation to the develop-
ment of hypertrophic cardiomyopathy. Over the 
last decade, there were several case-control 
studies attempting to investigate the relation-
ship, but the results were inconclusive. Some 
studies [14, 16, 18, 23] have reported a posi-
tive association whereas others [19, 20] did not 
find any association with HCM. Consequently, 
we conducted the present meta-analysis to  
further analyze the impact of AGT M235T po- 
lymorphism on hypertrophic cardiomyopathy 
susceptibility.

The present meta-analysis included nine stud-
ies with a total of 887 cases and 1,407 con-
trols. Overall, our results found that AGT M235T 
polymorphism was not directly associated with 
hypertrophic cardiomyopathy risk. In subgroup 
analysis of HCM subtype, however, a significant 
association between AGT M235T polymor-
phism and SHCM risk was observed. The lack 
of association of this polymorphism with FHCM 
shows that this mutation is associated with 
SHCM rather that FHCM where the mutations 
in sarcomeric genes have been found to be 
associated with the disease. The familial and 
sporadic forms of HCM represent two different 
parts of the spectrum with the same condition, 
and have significant implications in relation to 
risk factor stratification and also genetic coun-
seling. The RAS may also be associated with 
hypertrophy of FHCM. However, the degree of 
its contribution is greaterin SHCM than in 

knowledge, this was the first time to evaluate 
the association between this polymorphism 
and HCM risk in Asian ethnicity. 

It is known that heterogeneity has a significant 
influence on the reliability in interpreting the 
results of meta-analyses. In our study, moder-
ate heterogeneity was found in the overall com-
parisons. When stratified analysis by HCM sub-
type, there was no heterogeneity in SHCM, 
which means that the results regarding HCM 
subtype were trusted. When stratified analysis 
by ethnicity, moderate heterogeneity was found 
in Asians. The reason might be the presence of 
different genetic backgrounds and environ-
ments in different ethnicities and individuals. 

It is prudent to acknowledge that several poten-
tial limitations are apparent. First of all, we did 
not receive a response from the corresponding 
authors of one study. Therefor we did not 
include it in our meta-analysis. Thus there 
might be the possibility of publication bias, but 
the results of statistical tests showed that pub-
lication bias is unlikely. In addition, our analysis 
is based on observational studies. Potential 
biases may exist. Gene-gene interactions and 
interactions between genes and other environ-
mental factors may play a role, which could not 
be included in our meta-analysis due to a lack 
of relative data. Last but not the least, due to 
the limited participant data provided by indi-
vidual studies, we could not make a more pre-
cise assessment by ruling out confounding fac-
tors which may lead to biased results.

Figure 5. Funnel plot. 

FHCM, indicating that SHCM 
is partially determined by 
genetic disposition. 

Given the fact that different 
racial populations possess 
different genetic background, 
we also conducted subgroup 
analyses in terms of ethnicity 
for further exploration. The 
association existed in Asian 
people. In addition, Cai et al 
[16] found that TT carriers 
had more chance to develop 
HCM than variant allele carri-
ers, indicating this polymor-
phism might influence the bio-
logical characteristics of HCM 
in Asian populations. To our 
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Conclusions

In conclusion, our meta-analysis indicated that 
the AGT M235T polymorphism might not be 
directly associated with HCM in general popula-
tions. However, such a relationship may exist in 
SHCM and Asians. More large-scale and well-
designed studies are warranted for further veri-
fication of our results in the future.
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