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Abstract

Some studies have reported that angiotensin converting enzyme (ACE) and angiotensinogen (AGT) genes have been
associated with hypertrophic cardiomyopathy (HCM). However, there have been inconsonant results among different
studies. To clarify the influence of ACE and AGT on HCM, a systemic review and meta-analysis of case-control studies were
performed. The following databases were searched to indentify related studies: PubMed database, the Embase database,
the Cochrane Central Register of Controlled Trials database, China National Knowledge Information database, and Chinese
Scientific and Technological Journal database. Search terms included “hypertrophic cardiomyopathy”, “angiotensin
converting enzyme” (ACE) or “ACE” and “polymorphism or mutation”. For the association of AGT M235T polymorphism and
HCM, “angiotensin converting enzyme” or “ACE"” was replaced with “angiotensinogen”. A total of seventeen studies were
included in our review. For the association of ACE I/D polymorphism and HCM, eleven literatures were included in the meta-
analysis on association of penetrance and genotype. Similarly, six case-control studies were included in the meta-analysis for
AGT M235T. For ACE I/D polymorphism, the comparison of DI/Il genotype vs DD genotype was performed in the present
meta-analysis. The OR was 0.73 (95% Cl: 0.527, 0.998, P=0.049, power = 94%, alpha =0.05) after the study which deviated
from Hardy-Weinberg Equilibrium was excluded, indicating that the ACE I/D gene polymorphism might be associated with
HCM. The AGT M235T polymorphism did not significantly affect the risk of HCM. In addition, ACE I/D gene polymorphism
did not significantly influence the interventricular septal thickness in HCM patients. In conclusion, the ACE I/D
polymorphism might be associated with the risk of HCM.
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Introduction HCM [9]. Many genes responsible for HCM remain to be
identified. However, phenotypic expression and clinical course
vary considerably [8], and some family members even fail to
express the disease although the same identical mutation is seen in
them, indicating that the disease course is not solely dependent on
the pathogenic gene. Other factors, such as the additional modifier
genes or environmental influences might also influence disease

Hypertrophic cardiomyopathy (HCM) is characterized by left
ventricular hypertrophy (LVH) with predominant involvement of
the interventricular septum (IVS) in the absence of hypertension,
valvular heart disease, or other evident cardiac or systemic cause
[1], and microscopically by cardiomyocyte hypertrophy, myofi-
brillar disarray, and fibrosis [2]. HCM has a wide spectrum of
clinical presentations ranging from asymptomatic hypertrophy to

refractory heart failure and sudden cardiac death. The prevalence system (RAS), have been associated with the risk of developing

of HCl.\/I is{ estima?ed to be around. 17500 in the general LVH, and could also modify the clinical phenotype in HCM
population [3] carrying an annual cardiovascular mortality rate patients [11,12,13,14,15]. It is reported that RAS acted on cellular
of 0.7-1.4% [4]. Sudden death is the most common mode of death

with an overall annual mortality rate about 1% [5].

HCM is frequently caused by mutations in genes encoding
sarcomeric proteins [6,7,8]. To date, more than 13 gene mutations
coding for sarcomeric proteins have been found in patients with

susceptibility [10]. It is reported that several gene polymorphisms,
including those encoding the components of the renin-angiotensin

hypertrophy and cell proliferation [16], and therefore played a
regulatory role in cardiac function, blood pressure, and electrolyte
homeostasis [17]. In the end, it can affect both left cardiac
ventricle (LV) hypertrophy and remodeling [14].
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The deletion/insertion (D/I) polymorphism in intron 16 of the
gene encoding angiotensin converting enzyme (ACE) on chromo-
some 17923 has been associated with several cardiovascular
disorders including LVH in untreated hypertension, complications
of atherosclerosis [14], and HCM [15,18,19,20,21,22]. Angioten-
sinogen (AGT) gene, located at chromosome 1q4, has a
polymorphism at position codon 235 with threonine instead of
methionine (M235T).. It is reported that there were linkages
between AGT M235T polymorphism and several cardiovascular
diseases such as myocardial infarction, LVH and coronary
atherosclerosis [23]. Moreover, the TT genotype of AGT might
be a genetic marker of electrocardiographically determined LVH
since a positive association has been reported between AGT
M235T polymorphism and HCM [24].

In addition, indices of cardiac hypertrophy, such as the mean
interventricular septal thickness (IVST), the mean left ventricular
mass index, were greater in HCM patients with the ACE DD
genotype as compared with IT genotype [1,25,26].

In spite of the above mentioned reports associating RAS and
HCM, the studies from different populations have been conflicting
and the role of the RAS system in modifying the phenotype in
HCM remains controversial. As meta-analysis is a reliable way to
combine information from many studies and thus may provide
more conclusive answers, we decided to evaluate the influence of
ACE and AGT polymorphisms on the HCM phenotype.

Methods

Search strategy

The following database were searched: PubMed database, the
Embase database, the Cochrane Central Register of Controlled
Trials database, China National Knowledge Information data-
base, and the Chinese Scientific and Technological Journal
database were searched.

For the association of ACE 1/D and HCM, the following search
term were used in searching the PubMed database: “hypertrophic
cardiomyopathy”, “angiotensin converting enzyme” or “ACE”
and “‘polymorphism or mutation”. Alternatively, “angiotensin
converting enzyme” or “ACE” was replaced with “angiotensin-
ogen” for the association of M235T genotype and HCM. The last
search was up to July 2013. No language is limited. In addition,
the references of retrieved articles were also screened to find the
related papers.

Study selection

Two investigators independently reviewed all studies and
extracted the data using a standard information extraction and
reached consensus on all items. Only those articles that detected
the genotype polymorphism and the patients were diagnosed as
HCM were included. For the meta-analysis for the association of
genotype and penetrance of HCM, only studies in which control
group were healthy people were included. In the present study, we
also performed a meta-analysis on the association of IVST/
maximal left ventricle wall thickness (MWT) and ACE genotype
polymorphism, which studies were all case-case studies.

Risk of bias and data extraction

For the meta-analysis for the association of genotype polymor-
phism and penetrance of HCM, all studies were case-control
studies. The quality of studies was independently assessed by two
reviewers using a risk of bias assessment for genetic association
studies [27,28]. The following data were collected: the first author
of studies, year of publication, number of genotypes in cases and
controls, the P value of Hardy-Weinberg equilibrium (HWE) in
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control, origin of control subjects, mean age in case and controls.
With regard to risk of bias, each item was classified as yes, no,
unclear, which refer to low risk, high risk, and unclear if
insufficient information was available for assessment [27,28].

Statistical analysis

For the meta-analysis for the association of genotype and
penetrance of HCM, the statistical analysis was performed
according to the previous studies [27,29,30,31]. Briefly, HWE in
the control group was tested with the exact test in every included
study. Then, a mixed-effects hierarchical model with a logit link
function was applied to gauge whether the overall gene effect was
significant using the xtmelogit command in Stata software to test
the likelihood ratio (LR) [27,30,31]. If the overall gene effect was
statistically significant, further comparisons of odds ratios (ORs):
OR, (I vs DD for ACE I/D polymorphism; MM vs TT for
M235T); ORy (DI vs DD for ACE 1/D allele; MT vs T'T for AGT
M235T); and ORj3 (II vs DI for ACE 1/D allele; MM vs MT for
M235T) were explored. The heterogeneity among different studies
was tested by the chi-square-based Q) statistic test and I square
statistics. P<<0.1 [32] rather than 0.05 was considered significant
heterogeneity for the chi-square-based Q testing and 1°<25% is
considered low heterogeneity among studies; 25% to 50%
moderate, and >50% as high level heterogeneity [32]. If
heterogeneity was significant, the results were pooled using a
random effect model and the inverse variance method [33].
Otherwise, the fix-effect model was used.

The most appropriate genetic models were selected as follows

[30]:

a)  Dominant model if OR; = ORy#1 and OR3=1;
b)  Recessive model if OR; = OR37#1 and ORy=1;
¢)  Overdominant model if ORy=1/0OR37#1 and OR, =1;

) Codominant model if OR;>ORy>1 and OR;>OR3>1 (or
OR1<OR2<1 and OR1<OR3< l)

(
(
(
(

o

Finally, once the appropriate genetic model was identified,
results were pooled again under this genetic model. The
significance of the pooled OR was determined using the Z-test.
P<0.05 was considered statistically significant.

As for the meta-analysis for the association of thickness of
IVST/MWT and genotype polymorphism, the combined stan-
dard mean difference was compared.

Egger’s test and the visual symmetry of funnel plot were assessed
to examine publication bias of the related studies.

In addition, meta-regression was used to explore the source of
the heterogeneity by the Stata software. Sensitivity analysis was
also performed to test the robustness of the results by excluding
studies that deviated from HWE. The Stata software (version 12.0;
Stata Corporation College Station, Texas) and Review Manager
software 5.2 (Cochrane Collaboration, http://ims.cochrane.org/
revman/download) was used to performed the present meta-
analysis. Furthermore, the PS software [34] (version 3.0, http://
biostat.mc.vanderbilt.edu/wiki/Main/PowerSampleSize) was
used to calculate the power of statistical test.

Results

Search results

A total of seventeen studies were included in our review
[1,13,20,21,23,25,26,35,36,37,38,39,40,41,42,43,44]. For ACE 1/
D polymorphism, a total of 31 prospective trials surveyed the
polymorphism of ACE 1/D. Of these, the data can not be
extracted in full text or conference abstract in ten studies, either no
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healthy control were set or the single nucleotide polymorphism, or
the IVST was not the objective of present meta-analysis in five
studies. The subjects in one study [15] were as same as in other
study [23] and thus the study was duplicated reports. In the end,
eleven literatures were included in the meta-analysis on association
of penetrance and genotype polymorphism. Similarly, for the
association of penetrance and genotype, six studies were included
in the meta-analysis for AGT M235T. Meanwhile, as for the
association of IVST/MWT and genotype, nine studies were
included in the present meta-analysis for ACE I/D. We did not
perform a meta-analysis on the relation of IVST and M235T
genotype due to the insufficient number of studies. Figure 1
showed the flow diagram of studies selection. Table 1 and Table 2
lists the eligible studies which were included in the association of
penetrance and genotype for ACE I/D and AGT M235T,
respectively.

The quality of studies

As described in Table 3, all included studies for association of
penetrance and genotype polymorphism were clearly ascertained
of HCM and some causes that might lead to myocardial
hypertrophy were excluded. All genotype tests were assayed using
the polymerase chain reaction (PCR) in all studies. Neither
genotyping error rate nor genotype testing under blind condition
was described in any study. There was no selective reporting in all
including studies and eight studies mentioned the HWE in control

group [1,21,23,25,36,39,40,42].

Records identified through Additional records identified through
database searching other sources
(n=142) (n=5)

Records after duplicates removed
(n=111)

}

Title and abstracts screened Reviews, case-report, editorial, and articles
(n=111) | | investigated irrelevant objects excluded

(n =80)

Full-text articles assessed for
eligibility
(n=31)

}

Articles in which ACE I/D
polymorphism was studied [—»
(n=20)

}

Studies included in meta-analysis in the associate of ACE I/D polymorphism and
morbidity risk of HCM (n=11); studies included in meta-analysis in the associate of
ACE polymorphism and IVST/MWT in HCM patients (n =9), among them, studies
included in both (n=5)

The data can not be extracted in the full text
or conference abstract, the subjects were as
same as in other study and thus was
duplicated report
(n=11)

No health control was set, the SNP or the
left ventricle wall index was not the
objective of present meta-analysis
(n=5)
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HWE and allele frequencies

HWE in control were showed in Table 1 and Table 2. Of 17
studies, one study in control was deviated from HWE. The minor
allele in control group was I allele and M allele in ACE I/D and
AGT M235T, respectively. There was heterogeneity among the
10 studies for ACE I/D (x*>=170.945 (9 df), P<0.01) except for
one study in which “I"” allele frequency can not be calculated [44]
and the pooled I allele frequency using the random effects model
was 49.39 percent (95% CI: 41.01, 57.77). Similarly, there was
heterogeneity in the minor allele among studies for AGT M235T
(P<0.01).

Meta-analysis of association of genotype and HCM
phenotype

For the association of genotype and penetrance, the eligible 11
studies included 916 cases and 1692 healthy people for ACE 1I/D
were brought into the meta-analysis. The overall gene effect was
significant [LR =22.49 (df = 2), P<0.01]. The OR, (Il vs DD) and
OR, (DI vs DD) was 0.631 (95% CI: 0.344, 1.158), 0.695 (95%CI:
0.522, 0.924), respectively. The ORs were significantly heteroge-
neous for OR; [?=25.93 (9 df), P for heterogeneity <0.01,
I =65.3%]. Neither the publishing year nor the region was the
main origin of the heterogeneity. The meta-regression did not
identify the source of heterogeneity. Therefore, the random effects
model was used to pool these studies by logistic regression. The
gene model was most likely to be dominant model. Then, the

Records identified through Additional records identified through
database searching other sources
(n=191) (n =0)

Records after duplicates removed
(n=177)

)

Title and abstracts screened Reviews, case-report, editorial, and articles
(n=177) I—» | investigated irrelevant objects excluded
(n=161)

Full-text articles assessed for
eligibility
(n=16)

The data can not be extracted in conference
abstract; the subjects were as same as in
other study and thus the studies were seen
as duplicated report
(n=5)

!

Articles in which AGT M235T
polymorphism was studied ~ |—»

(n=11)
|

Studies included in meta-analysis in the associate of AGT M235T polymorphism and
morbidity risk of HCM (n=6)

No health control was set, or the subjects
were not hypertrophic cardiomyopathy but
gene mutation carrier
(n=5)

Figure 1. Flow diagram of studies selection. IVST, interventricular septum thickness; SNP, Single Nucleotide Polymorphism. HCM, hypertrophic
cardiomyopathy; ACE, angiotensin converting enzyme; AGT, angiotensinogen. Fig. 1a, ACE I/D flow diagram; Fig. 1b, AGT flow diagram.

doi:10.1371/journal.pone.0077030.g001
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Table 1. Characteristics of eligible studies in the meta-analysis (ACE 1/D).

17

Mean age in
60.2+11.0

Control
(years)
+

Mean age in
Case (years)

Unaffected siblings and children
Ethnic-matched (Caucasian)

Control subjects

HWE in
control
P value
0.0045
0.4527

119
17
38
14

DD
6

ID
28
135

Control
Genotypes

DD
13
72

ID
41
100

26
35

HCM
Genotypes
207

71

Country
Japan
Spain

First author, Year
Kawaguchi 2003

Coto 2010

59.1+£10.3

Healthy individuals

0.7640
0.2495

55
46

50
22

122
106
36
20

32
49

Japan 31

USA

Yamada 1997
Marian 1993

Normal relatives

44
50
21

100
50
63

55*15

Age and gender matched unrelated healthy subjects

Yes

24
34
63

26

Germany

Pfeufer 1996
Kaya 2010

53.9%79

55.94*14.8

Ethic-matched healthy controls

0.6620
0.3532
0.9821
0.4150
0.2445
0.8097

Turkey

Healthy,age,sex,and ethnicity matched controls

47 87 30

164
205

118
138
36
13
40

India

Rai 2008

70+9
/

Healthy Japanese

95

21 83

64

Japan 53

Ogimoto 2002
Doolan 2004

49.17+20.56

Age and gender matched control population

58
80

12 200 48 94
55

14

10

Austrilia

454+115

31.5+9.1

Normal subjects

33
33

168
269

Russia

Moiseev 1997

443*159

Healthy subjects

111

125

25

13

Spain

Lopez-Haldon 1999

Note, HCM; hypertrophic cardiomyopathy; HWE, Hardy Weinberg Equilibrium.

doi:10.1371/journal.pone.0077030.t001
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comparison of DI+II vs DD was performed in the present meta-
analysis.

OR under indicating genetic model was 0.757 (95% CI: 0.56,
1.02, P=0.071), sensitivity analysis indicated that the OR was
0.73 (95% CI: 0.527, 0.998, P=0.049, Fig. 2a, power=94%,
alpha = 0.05) after the study [23] which is deviated from HWE was
excluded, demonstrating that ACE “DI/II” genotype was lower in
HCM patients than the control group, suggesting that ACE I allele
might protect human from HCM.

Publication bias for the association of ACE I/D polymorphism
and HCM penetrance is unlikely by using a funnel plot which
symmetrical (in Egger’s test P=0.603).

As for the association of genotype and penetrance of AGT
M235T, six studies consisted of 634 cases and 1096 healthy people
were included. The overall gene effect was not significant
[LR=2.68 (df=2), P=0.26]. Even so, the most likely dominant
model also used to estimated the OR (MT+MM vs TT for
M235T, OR=0.84, 95% CI: 0.68, 1.054; P=0.13; Fig. 2b,
power =39.8%, alpha=0.05). The power of statistical test
demonstrates that we are able to reject the null hypothesis that
this odds ratio equals 1 with probability (power) 39.8%. All these
results indicated that 235 codon transition in AGT did not affect
significantly the risk of HCM. The heterogeneity among the
included 6 studies is mnot significant [x?=9.22 (5df), P for
heterogeneity =0.101, I? = 45.8%)]

Sensitivity analysis indicated that excluding the study by
Yamada et al [1] could reverse the statistical significance (OR,
0.76; 95% CI: 0.60, 0.97). However, there is no rational reason to
exclude this study. A symmetrical funnel plot and Egger’s test
indicated that publication bias is unlikely for AGT M235T
polymorphism and HCM penetrance (P=0.863).

Meta-analysis of association of IVST/MWT and genotype
in HCM patients

For the association of IVST/MWT and ACE 1/D genotype in
HCM patients, there were eight studies included in the present
meta-analysis. The pooled standard mean difference was 0.05
(95%CI:—0.20, 0.09, P=047, Fig. 3, power=29.8%, al-
pha=0.05), demonstrating that we are able to reject the null
hypothesis that the IVST/MWT means of the DI/II genotype and
DD genotype in HCM patients are equal with probability (power)
29.8%, indicating that there is no significant different in the
IVST/MWT between DI/II and DD genotype. The heterogene-
ity among the included 8 studies is not significant [x> = 7.54 (7 df),
P for heterogeneity = 0.375, I? =7.1%].

Sensitivity analysis indicated that the pooled IVST standard
mean difference was not statistically significant (standard mean
difference: —0.09; 95% CI: —0.31, 0.14; P=0.44) after excluding
the three studies which the left ventricular wall index was MWT
rather than IVST. Similarly, there is no publication bias for the
association of ACE I/D genotype and IVST/MWT because a
symmetrical funnel plot.

Discussion

The present meta-analysis manifested that frequency of the ACE
DI/II genotype was lower in HCM patients than the normal
controls after excluding the study which did not observe the HWE,
indicating that ACE 1/D polymorphism might be associated with
the risk of HCM, with “I” allele at ACE 16 exon might have a
protective effect from HCM. That is, DD genotype might be a risk
factor for HCM.

HCM is a primary disorder without pressure overload and has
been thought to be genetically heterogeneous [15]. HCM can be
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50.44+9.2

52.6+8.5

Age and sex matched healthy subjects, blood donors

0.0841
0.1190

0.7291

165 65 85

122
300

12

68

70
37
41

150

71

205

India

Rao 2011

60.2+11.0

59.1£10.3

Healthy individuals

2

44

76
60

29

Japan

Yamada 1997
Coto 2010

17

Ethnic matched, Healthy individuals did not have symptoms of /

cardiovascular disease

95

145

64

100

Spain

53.3*184

51.7£16.3

Healthy control

0.0916
0.5795

30 14
87

36
54

80

45 22
20

72
40

China

Cai 2004

443*15.9

Healthy subjects

128

269

13

Spain

Lopez-Haldon 1999

Note, HCM; hypertrophic cardiomyopathy; HWE, Hardy Weinberg Equilibrium.

doi:10.1371/journal.pone.0077030.t002
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considered a polygenic disease with different degrees of penetrance
and mutations. Several genes including those encoding the
components of the RAS have emerged as the potential modifier
in HCM [14,15,45]. In RAS, renin catalyses the cleavage of AGT
to the decapeptide angiotensin I [46], which is further converted
into angiotensin II by ACE catalyzing, the biologically vasocon-
strictive peptide of the RAS. Angiotensin II has various effects
including hypertrophic, and possibly hyperplastic, effects on
vascular smooth muscle cells and cardiomyocytes, and increases
extracellular collagen matrix synthesis. The potent myotrophic
action of angiotensin II makes it likely that the cardiac RAS plays
a role in the development of cardiac hypertrophy. Angiotensin II
exerts most of its known cellular actions through the AT1R [47].

It is reported that ACE inhibitors can reduce the synthesis of
angiotensin II and attenuate such cardiac hypertrophy pathophys-
iological processes [48]. ACE is 21 kb length, including 26 exons,
located on long arm of chromosome 17 (17g23.3) locus of the
human genome. It will be inherited independently of the diseased
sarcomeric genes which are located on different chromosomes.
The restriction fragment length polymorphism, a 287 base pair
(bp) insertion/deletion (I/D), is located inside intron 16 of the
ACE gene and corresponds to an Alu repetitive sequence. DD
genotype subjects had a higher level of ACE and angiotensin II
and, consequently, an increase in hypertrophy and fibrosis
[13,14,36,49]. That is, the ACE levels in the human heart are in
part determined by the so-called insertion/deletion (I/D) poly-
morphism [49]. Therefore, the angiotensin II levels increased and
then also affect the phenotypic expression in HCM [36].
Moreover, ACE DD genotype influenced LVH in patients with
a f-myosin Arg403Leu mutation but did not influence those with
other mutation, indicated that gene-gene interactions between
causal mutation and modifier genes might influence the disease
phenotype and the influence of ACE gene polymorphism might
depend on the underlying mutation [25].

It is reported that patients with higher levels of ACE activity had
large left ventricular indices [50]. Therefore, indices of cardiac
hypertrophy were greater in HCM patients with DD genotype as
compared with others [13,19]. However, in the present meta-
analysis, we fail to indicate that the IVST is significant different
between DI/II and DD genotype. Apart from the insufficient
number of studies and heterogeneity among studies, one of
probable causes might be that the influence of RAS polymor-
phisms may depend on the underlying mutation [22]. Most likely,
it i3 due to the following factor, the age of diagnosis of including
subjects, duration of illness, severity of the disease, etc.

In humans, the AGT gene is located on chromosome 1q42 and
comprises five exons and four introns spanning 12 kb [51]. A
substitution of 704 T>C transition in exon 2, results in a
methionine to threonine exchange at codon 235 (M235T), the
latter is associated with higher levels of AGT [52]. However, the
present meta-analysis indicates that M235T polymorphism of
AGT gene is not related to the prevalence of HCM, and sensitivity
analysis indicated that excluding one study will change the
statistical significance. This might due to relatively insufficient
number of studies. This study should preferably include approx-
imately 1726 case patients and 2984 control patients if the ratio of
control to case patients remains (power = 80%, alpha =0.05). The
variability of results in HCM may be partly accounted for by the
heterogeneous patient populations in most studies since the effect
of RAS polymorphisms might be relative small to the effect of the
underlying primary aetiological mutation [19]. In addition, AGT
M235T nucleotide transition is associated with sporadic hyper-
trophic cardiomyopathy (SHCM) rather than familial hypertro-
phic cardiomyopathy (FHCM) in which the mutations in
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Figure 2. Meta-analysis of the association between ACE I/D and AGT M235T polymorphisms and HCM penetrance. OR in Fig. 2a
indicated that the OR of DI/Il vs DD. The pooled OR was 0.73 (95 Cl: 0.527, 0.998, P=0.049). Similarly, OR indicated that the OR of MM/MT vs TT in
Fig. 2b. HCM, Hypertrophic cardiomyopathy. Fig. 2a, ACE I/D; Fig. 2b, AGT M235T.

doi:10.1371/journal.pone.0077030.9g002

sarcomeric genes have been found to be associated with the disease
[37].

The results of this meta-analysis should be interpreted with
some degree of caution, because there were several limitations in
our analysis. First, we fail to subgroup the FHCM and SHCM in
HCM patients. In addition, we also failed to subgroup deferent
ethnicities due to the relatively insufficient studies. Taken together,
all of these limitations may have affected the results of the present
study.

In conclusion, the ACE DI/II genotype might protect human
from HCM. More additional trials will be needed to clarify role of
ACE I/D and AGT M235T polymorphisms in HCM.
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Figure 3. Meta-analysis of the association between ACE I/D polymorphism and IVST/MWT in HCM patients. HCM, hypertrophic
cardiomyopathy; IVST, interventricular septum thickness; MWT, maximal left ventricle wall thickness. The SMD represents the standard mean

difference of IVST/MWT (mm) between DI/Il and DD genotype in HCM patients.

doi:10.1371/journal.pone.0077030.g003
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