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SUMMARY

This study sought to evaluate whether genetic variants in the renin-angiotensin-aldosterone system (RAAS) have an
impact on long-term mortality after acute myocardial infarction (AMI) in the percutaneous coronary intervention (PCI)
era. We investigated the impacts of individual and combinations of 4 major RAAS genetic variants, angiotensinogen
(AGT) T1311C, angiotensin-converting enzyme (ACE) insertion/deletion (I/D), angiotensin 2 type 1 receptor A1166C,
and aldosterone synthase T4660C on 5-year mortality in 3149 post-AMI patients using multivariate Cox regression anal-
ysis. The predictive accuracy of all possible RAAS genetic combinations was evaluated using Cox regression analysis,
and the best combination that affected prognosis was determined based on the minimal Akaike Information Criterion.
There were 220 deaths during a median follow-up of 4.9 years. Independent analyses of any single RAAS variant did
not show significant impacts on 5-year mortality. However, analyses in combination revealed that absence of both AGT
CC genotype and ACE D allele was associated with lower 5-year mortality (log-rank P = 0.005). Patients with at least
either of the AGT CC or ACE D allele had increased mortality with adjusted hazard ratios of 2.07 (95% confidence inter-
val 1.18-3.65, P = 0.012), compared with those with neither the AGT CC nor ACE D allele. Among the 4 RAAS genetic
variants examined, a combination of AGT and ACE polymorphisms was associated with 5-year mortality after AMI. (Int

Heart J 2014; 55: 190-196)
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he renin-angiotensin-aldosterone system (RAAS) plays
important roles in the pathogenesis of cardiovascular
disease, including hypertension which results in the
progression of atherosclerosis and acute myocardial infarction
(AMI). For this reason, the clinical impacts of genetic variants
in RAAS have been intensively investigated. In particular, the
angiotensinogen (AGT) T1311C, angiotensin-converting en-
zyme (ACE) insertion/deletion (I/D), angiotensin 2 type 1 re-
ceptor (AGTR1) A1166C, and aldosterone synthase
(CYP11B2) T4660C polymorphisms are the most studied
RAAS genetic variants in this regard.""® These polymorphisms
are associated with the onset or development of hypertension,
left ventricular hypertrophy, and AMI, although some conflict-

ing evidence exists.""”

Despite the abundant evidence in primary prevention set-
tings of cardiovascular diseases, whether these variants influ-
ence mortality in post-AMI patients, namely, in the secondary
prevention setting'*'® has not been well studied and remains
controversial. For example, the ISIS trial concluded that ACE
I/D polymorphism is not associated with the 5-year survival
rate after AML"> Meanwhile, Palmer, et al reported that the
ACE D allele was associated with higher mortality after
AML'? One possible reason for this inconsistency is that these
studies did not evaluate gene-gene interactions among variants
of the RAAS cascade, which may provide a different conclu-
sion."""” Thus, systematic investigations of the impacts of
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RAAS variants considering gene-gene interactions using large-
scale post-AMI cohorts have been warranted to examine the
prognostic impacts of RAAS genetic variants in combination.

The aim of the study was to evaluate whether 4 RAAS
genetic variants, AGT T1311C, ACE I/D, AGTR1 A1166C,
and CYP11B2 T4660C, either alone or in combination, impact
5-year mortality after AML

METHODS

Study patients: Among 8,957 AMI patients registered in the
Osaka Acute Coronary Insufficiency Study (OACIS) between
April 1998 and December 2008, 3,256 patients who agreed to
deoxyribonucleic acid (DNA) genotyping were enrolled in the
present study (Figure 1). Of the enrolled patients, 3,149 pa-
tients were successfully genotyped and analyzed. OACIS is a
multicenter, prospective, observational registry for AMI pa-
tients in Japan that was initiated in April 1998, and as of 2013,
contained data for more than 11,000 patients who had been
hospitalized in 1 of the 25 collaborating hospitals. The details
of OACIS are described elsewhere.'**"

The diagnosis of AMI was based on the World Health
Organization criteria, which uses a combination of patient
symptoms, electrocardiographic findings, and serum cardiac
enzyme elevations. All study candidates were informed about
data collection, blood sampling, and genotyping, and provided
written informed consent. The study protocol complied with
the Helsinki Declaration and the guidelines for genome/genetic
research issued by the Japanese government. The study was
approved by the institutional ethical committee of each partici-
pating institution.

Study endpoint: The primary endpoint of the study was all-
cause mortality after survival discharge for AMI. Follow-up
clinical data were obtained at 3, 6, and 12 months after the on-
set of AMI and annually thereafter for 5 years.

Genotyping: Deoxyribonucleic acid (DNA) isolation and
genotyping were performed using peripheral blood samples.
Genomic DNA was extracted from blood samples using a
commercially available kit (Qiagen, Hilden, Germany), and all
patients were genotyped for the following 4 genetic polymor-
phisms of RAAS: AGT T1311C (rs699), ACE I/D
(rs1799752), AGTR1 A1166C (rs5186), and CYP11B2
T4660C (rs1799998). All 4 variant genotypes were determined
using an intercalator-mediated fluorescence resonance energy
transfer probe method, and/or a polymerase chain reaction-
based method, as previously described.”*”

Statistical analysis: Categorical data are presented as the per-
centage and were compared using chi-square statistics. Contin-
uous data are expressed as the median (25-75 percentiles) and
were compared using the Wilcoxon rank sum test. The Kaplan-
Meier method was employed to estimate survival rates, and
differences were compared by the log-rank test. Candidate
combinations of RAAS polymorphisms for best predicting
5-year mortality using Cox regression analysis were searched
based on Akaike information criterion (AIC) where AIC is
commonly used as a goodness-of-fit statistic and a smaller val-
ue suggests a better-fitted model.* Specifically, the predictive
accuracy of all possible RAAS genetic variant combinations
was evaluated using Cox regression analysis, and the best
combination that affected prognosis was determined based on

Enrolled OACIS between April 1998 and December 2008

8957 Cases

....... » Excluded 738 in-hospital death cases

A 4

Successfully discharged from the hospital

8219 Cases

Excluded 4963 cases without agreement
to DNA sampling or genotyping

A

Available DNA samples with informed consent

3256 Cases

Excluded 107 cases with incomplete
genotyping data

A

With complete genotyping data

3149 Cases

Figure 1. Flow chart of study population selection.

the minimal AIC. The purpose of evaluating the predictive ac-
curacy of all possible RAAS genetic variant combinations
based on minimal AIC was to avoid problems concerning mul-
tiple testing. The impact of the above determined RAAS ge-
netic combination on 5-year mortality was compared using
Cox regression analysis that estimates the hazard ratio (HR)
and its 95% confidence interval (CI). To reduce the bias of
possible confounding factors related to patient background in
the comparisons, we used multivariate Cox regression analysis
with the following variables as covariates: age, gender, body
mass index, ST-elevation myocardial infarction, diabetes, hy-
pertension, dyslipidemia, smoking, previous myocardial inf-
arction, Killip classification, reperfusion therapy, peak creatine
phosphokinase, and beta-blocker, statin, antiplatelet agent, al-
dosterone antagonist, and calcium channel blocker therapy. In
addition, as there were missing values in the Killip classifica-
tion (data missing for 129 patients) and peak creatine phos-
phokinase values (data missing for 328 patients), we imputed
Killip classification and peak creatine phosphokinase values
by the mean of the Markov Chain Monte Carlo imputation
method and then the same analyses were performed to evalu-
ate the robustness of the conclusions. Because multivariate
Cox regression analysis was performed only once with the best
predictive RAAS genetic combination during gene-gene inter-
action evaluation, statistical significance was set as P < 0.05.
All statistical analyses were performed using SAS version 9.3
for Windows (SAS Inc., Cary, NC) and R software packages
version 2.15.1 (R Development Core Team).

RESULTS

Patient characteristics are shown in Table I (a comparison
of patient characteristics among genotypes in each genetic var-
iant is shown in Supplementary Table). Median age was 65
years, 77.6% were male, 86.2% had ST-elevation myocardial
infarction, and 88.8% had undergone percutaneous coronary
intervention (PCI). A total of 220 deaths occurred during the
median follow-up period of 1772 (1093-1801) days. The call
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Table I. Patient Characteristics

Total Reference group Risk group P
n 3149 432 2717 -
Age, years 65 (57-72) 64 (57-72) 65 (57-72) 0.484
Male, % 77.6 83.1 76.7 0.003
BMI, kg/m” 23.6 (21.6-25.8) 23.7(22.0-25.5) 23.6 (21.6-25.8) 0.653
STEMLI, % 86.2 86.4 86.2 0.892
Coronary risk factor
Diabetes, % 359 36.1 35.8 0.904
Hypertension, % 58.8 59.0 58.7 0.921
Dyslipidemia, % 48.0 S51.1 475 0.172
Smoking, % 65.4 67.6 65.0 0.292
Previous M1, % 11.7 113 11.8 0.760
KILLIP = 2, % 12.9 14.4 12.7 0.341
Reperfusion therapy, % 91.2 914 91.2 0.855
PCL % 88.8 875 89.0 0.373
CABG, % 1.6 2.5 1.4 0.073
Laboratory data
eGFR, mL/min/1.73m’ 67.6 (53.3-82.6) 66.9 (51.6-84.7) 67.9 (53.6-82.3) 0.984
HbAlc, % 6.0 (5.5-7.0) 6.0 (5.5-7.0) 6.0 (5.5-7.0) 0.714
T-Chol, mg/dL 192 (165-223) 194 (162-222) 192 (165-223) 0.811
LDL-Chol, mg/dL 124 (100-150) 121 (100-148) 124 (101-150) 0.165
HDL-Chol, mg/dL 45 (38-53) 45 (37-53) 44 (38-53) 0.688
TG, mg/dL 97 (60-146) 95 (60-149) 97 (60-145) 0.982
Peak CPK, IU/L 2100 (1029-3832) 2016 (1040-3831) 2092 (1029-3786) 0.654
Medication at discharge
ACEI or ARB, % 74.1 74.6 74.0 0.771
Beta-blocker, % 443 45.3 44.2 0.644
Statin, % 38.7 40.2 38.5 0.484
Aldosterone antagonist, % 14.9 12.6 15.2 0.150
Antiplatelet, % 98.3 99.3 98.2 0.093
Calcium channel blocker, % 21.5 18.8 22.0 0.143

We defined patients without the AGT CC genotype and ACE D allele as the Reference group and others as the Risk group. ACEI indicates angiotensin-
converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CABG, coronary artery bypass graft; CPK, creatine phosphoki-
nase; eGFR, estimated glomerular filtration rate; HbAlc, hemoglobin Alc; HDL-Chol, high density lipoprotein cholesterol; LDL-Chol, low density lipo-
protein cholesterol; MI, myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-elevation myocardial infarction; T-Chol, total

cholesterol; and TG, triglycerides.

rate of the AGT genotype was 99.0% (32 of 3256 genotyping
attempts failed), ACE genotype 99.0% (32 of 3256 failed),
AGTRI genotype 99.1% (28 of 3256 failed), and the
CYP11B2 genotype was 98.7% (41 of 3256 failed). Among all
tested samples, all 4 variants were successfully genotyped in
3149 patients, who were analyzed in the present study (Figure
1).

First, we demonstrated that the individual genotype clas-
sification of each RAAS variant could not statistically stratify
mortality risk in post-AMI patients although there were no
events in patients with AGTR1 CC genotype (Figure 2 and Ta-
ble II). Candidate RAAS polymorphisms for prognostic analy-
sis considering gene-gene interaction were then selected based
on the minimal AIC determined from the Cox regression anal-
ysis for 5-year mortality (Table III). The best estimated model
for predicting 5-year mortality included both the AGT CC
genotype and ACE D allele. Kaplan-Meier survival estimates
were clearly discerned between patients without the AGT CC
genotype and ACE D allele and others with log-rank P = 0.005
(Figure 3). According to this result, we defined patients with-
out the AGT CC genotype and ACE D allele as the Reference
group and others as the Risk group (Figure 3). This result from
Figure 3 indicates the absence of additive effects on mortality
between the ACE D allele and AGT CC genotype. For exam-
ple, adverse impacts of ACE D allele or AGT CC can be de-
tectable only when the patients do not have the other risk vari-

ant.

There are slight differences in patient backgrounds be-
tween the Reference and Risk groups (Table I). Thus, we em-
ployed multivariate Cox regression analysis to evaluate the im-
pact of risk genetic variant combination on 5-year mortality. It
revealed that the Risk group had statistically significant in-
creased mortality when compared to the Reference group with
an adjusted HR of 2.07 (95% CI 1.18-3.65, P = 0.012).

DISCUSSION

The present study, which included a total of 3,149 post-
AMI patients, represents one of the largest scale RAAS genetic
analyses conducted to date in post-AMI patients. Using an
AIC-based analysis, we revealed that the presence of either the
AGT CC genotype or ACE D allele negatively impacts 5-year
mortality in the secondary prevention setting after AMI. Inter-
estingly, this association was not found when the impact of
each RAAS polymorphism was assessed individually even
though the impact of AGTR1 CC genotype could not be as-
sessed in detail due to the small sample size (n = 19). The
present data may provide novel insights into the relationship
between RAAS genetic variants and long-term prognosis in
post-AMI patients, and help us to understand the inconsistency
among the studies investigating the prognostic impacts of ACE
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Figure 2. Difference in Kaplan-Meier survival estimates due to genotypes for each RAAS genetic variant. ACE indicates angiotensin-converting enzyme;
AGT, angiotensinogen; AGTR1, angiotensin 2 type 1 receptor; CYP11B2, aldosterone synthase; and RAAS, renin-angiotensin-aldosterone system.

14-16)

I/D polymorphism on mortality after AMI.

The RAAS polymorphisms, AGT T1311C, ACE I/D,
AGTR1 A1166C, and CYP11B2 T4660C have been shown to
confer susceptibility to several cardiovascular diseases al-
though conflicting evidence has been reported.”* The ACE D
and AGTR1 C allele are associated with hypertension, left
ventricular hypertrophy, and myocardial infarction, which are
thought to result from increased ACE activity and sensitivity to
angiotensin II, respectively.”**'” Similar associations have
been suggested for the AGT C allele which may be related to
higher concentrations of plasma angiotensinogen,”® while the
CYP11B2 C allele is associated with left ventricular dilatation
in hypertensive patients possibly by influencing renal sodium
handling."” Thus, the 4 RAAS genetic variants examined in
this study were assumed to have unfavorable impacts on prog-
nosis after AMI. However, we failed to detect a higher mortali-
ty risk for any RAAS variant when the impact of each variant
was examined individually (Figure 2 and Table II), which is
consistent with the previously reported data from the ISIS and
other studies.'*" By contrast, it was clearly demonstrated that

the presence of either or both of two RAAS variants, the AGT
CC genotype and ACE D allele, increases the risk of 5-year
mortality in post-AMI patients (Figure 3). Interestingly, there
was no additive impact on mortality between the two polymor-
phisms. Considering our results, we speculated that this phe-
nomenon could be explained by a mechanism that both AGT
CC and ACE D allele activate RAAS but only one of these two
variants is efficient to make this activation (there are no addi-
tive or synergistic impacts).

This finding was of clinical significance, because this
could be a reason why ACE D allele was not seemingly associ-
ated with increased mortality by individual variant assessment
in the previous studies, including the ISIS study."*" In the
present study, the prognostic impact of ACE D allele was not
significant without considering the AGT CC genotype (like in
the previous studies), but was significant after considering the
AGT CC genotype. Thus, our findings underline the impor-
tance of considering gene-gene interactions when evaluating
the genetic impacts on diseases.'""”

Another possible explanation for the lack of prognostic
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Table II. Impact of Genotype on 5-year Mortality for Each RAAS Poly-
morphism

Multivariate Cox regression analysis (n = 2800, event = 190)
adjusted HR 95% CI P

AGT
AGT CT versus TT 0.68
AGT CC versus TT 0.84
AGT TC/CC versus TT 0.79
AGT CC versus TC/TT 1.20
ACE

0.27-1.72 0.412
0.34-2.07 0.700
0.32-1.95 0.609
0.87-1.66 0.273

ACE DI versus 1T 1.36
ACE DD versus 1T 1.06
ACE ID/DD versus 1T 1.29
ACE DD versus ID/II 0.89

AGTRI1
AGTRI1 AC versus AA 1.08
AGTRI1 CC versus AA <0.01
AGTR1 AC/CC versus AA 1.01

0.99-1.86 0.057
0.66-1.70 0.803
0.95-1.74 0.101
0.58-1.37 0.604

0.73-1.60 0.692
<0.01->10  0.992
0.69-1.49 0.950

AGTR1 CC versus AC/AA <0.01 <0.01->10 0992
CYP11B2

CYP11B2 CT versus TT 0.98 0.72-1.34 0.921

CYP11B2 CC versus TT 1.35 0.85-2.14 0.211

CYP11B2 TC/CC versus TT 1.05
CYP11B2 CC versus TC/TT 1.36

0.79-1.40 0.751
0.87-2.11 0.177

Impact of each variant was calculated in additive (above 2 rows), domi-
nant (3rd row), and recessive (4th row) models. ACE indicates angi-
otensin-converting enzyme; AGT, angiotensinogen; AGTR1, angiotensin
2 type 1 receptor; CI, confidence interval; CYP11B2, aldosterone syn-
thase; HR, hazard ratio; and RAAS, renin-angiotensin-aldosterone system.

Table III. Best 20 Combinations of 4 Renin-Angiotensin-Aldosterone
System Polymorphisms for Predicting 5-year Mortality Based on Akaike
Information Criterion of Cox Regression Analysis

AIC AGT ACE AGTRI1 CYPI11B2
1 3445.229 recessive dominant
2 3446.307 dominant
3 3446.343 recessive dominant dominant
4 3446461 recessive
5 3446.526 recessive additive
6 3446.619 additive dominant
7 3447.023 recessive
8  3447.150 recessive dominant recessive
9 3447218 recessive dominant  dominant
10 3447.325 dominant dominant
11 3447.494 recessive dominant
12 3447.533 additive
13 3447.634 recessive additive dominant
14 3447.724 additive dominant dominant
15 3447.876 additive
16 3447.944 additive additive
17 3448.188 dominant  dominant
18 3448.204 dominant recessive
19 3448.296 dominant  dominant
20  3448.329 recessive dominant  dominant  dominant

Each variant has 4 options; no consideration, additive model, recessive
model, and dominant model. Additive models of AGT, ACE, AGTR1 and
CYP11B2 are defined as TT versus TC versus CC, II versus ID versus
DD, AA versus AC versus CC, and TT versus TC versus CC, respectively.
Recessive models of AGT, ACE, AGTR1 and CYP11B2 are defined as
TT/TC versus CC, II/ID versus DD, AA/AC versus CC, and TT/TC versus
CC, respectively. Dominant models of AGT, ACE, AGTR1 and CYP11B2
are defined as TT versus TC/CC, II versus ID/DD, AA versus AC/CC, and
TT versus TC/CC, respectively. Predictive accuracy of all possible 255
combinations was evaluated using Cox regression analysis, and the best
combination that affected prognosis was determined based on the minimal
Akaike Information Criterion.
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Figure 3. Kaplan-Meier survival estimates for each genetic combination.
ACE indicates angiotensin-converting enzyme; and AGT, angiotensino-
gen.

impacts of each individual RAAS genetic variant in this study
was the implementation of evidence-based medical treatment
in the secondary prevention setting after AMI. First of all, the
high treatment rate of PCI in this study likely contributed to
lowering mortality, and made it difficult to detect the prognos-
tic impact of RAAS variants due to the low event rate. Indeed,
S-year mortality in the present study was estimated to be only
8.5% (95% CI 7.4-9.6) which was significantly lower than
those reported in the previous studies performed in the no PCI
eras.” Furthermore, the use of secondary preventive medica-
tions that were recommended for improving long-term prog-
nosis after AMI, such as RAAS inhibitors, beta-blockers, stat-
ins, and antiplatelet agents were also believed to contribute to
the low event rate in the present study.”” Consequently, even
though RAAS variants might have a moderate prognostic im-
pact, it is possible that optimal treatments for AMI likely re-
duced the mortality events and thus might have masked the ad-
verse effects of RAAS polymorphism. Accordingly, the
number of events during the 5-year follow-up of post-AMI pa-
tients receiving optimal medication was expected to be insuffi-
cient to detect the small genetic effects of an individual RAAS
variant. In general, we often encounter the problem of detect-
ing statistical significance after correction for multiple testing
in gene-gene interaction analysis, particularly when the event
rates are low despite a large sample size like in the present
study. Therefore, we employed the AIC method to avoid prob-
lems concerning multiple testing and successfully examined
all possible genetic combinations for risk stratification in the
present study. Thus, estimation of the best predictive RAAS
genetic combination for 5-year mortality using AIC of Cox re-
gression analysis would be the one of the strengths of the
present study.

The results of two relatively large case-control studies of
RAAS variants (613 cases versus 723 controls and 205 cases
versus 209 controls, respectively) suggest a gene-gene interac-
tion between ACE and AGTR1 polymorphisms in the primary
prevention setting of AML"""” Therefore, we also investigated
the impact of the combination of ACE and AGTR1 variants,
but the data suggested that the combination of AGT and ACE



Vol 55

No 3 RAAS POLYMORPHISMS AND MORTALITY AFTER AMI 195

variants was superior to that of ACE and AGTR1 variants for
prediction of 5-year mortality in the present study according to
the AIC-based analysis (Table III). The major difference be-
tween these case-control studies and the present study is the
clinical setting; the former studies focused on the primary pre-
vention setting, whereas we focused on the secondary preven-
tion setting. In addition, these two case-control studies only
analyzed the additive impact of gene-gene interaction on the
development of coronary artery disease by selecting statistical-
ly positive variants, whereas we examined all the impacts of
possible RAAS variant combinations in additive, dominant
and recessive models using the AIC of Cox regression analy-
sis. As a consequence, we found that both the AGT CC geno-
type and ACE D allele should be considered for mortality risk
stratification in post-AMI patients, namely, in the secondary
prevention setting of AMI. Accordingly, even though more
comprehensive coverage of genetic variations of RAAS might
be ideal, our approach to identify the best predictive combina-
tion of RAAS polymorphisms using 4 variants at the same
time may be a strength of this study because many prior stud-
ies only focused on one or two polymorphisms of RAAS.””

The present study has several limitations that warrant
mention. First, since the study population only consisted of pa-
tients who provided written informed consent, there may have
been selection bias with possible unmeasured confounding
factors influencing the study outcomes due to the inherent na-
ture of an observational registry. However, a strength of our
study is that OACIS is one of the largest scale trials with thou-
sands of DNA samples available and long-term (5 years) fol-
low-up clinical data in the real world secondary prevention set-
ting of AMI. Second, the primary endpoint was all-cause
mortality, which may have been due to causes other than cardi-
ovascular disorders. Third, our study lacked a replication co-
hort. However, validation cohorts are more difficult to select in
a prospective study design than in case-control studies that en-
roll patients cross-sectionally. In fact, all prospective studies
referenced in this manuscript did not include a replication co-
hort."'® The data should be interpreted within the context of
these potential limitations.

In conclusion, RAAS genetic variant is associated with
5-year mortality in survivors of AML. In particular, AGT and
ACE polymorphisms should be considered in combination to
more accurately stratify mortality risk.
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Masatsugu Hori (previous Chair), Osaka Prefectural Hospital Organiza-
tion Osaka Medical Center for Cancer and Cardiovascular Diseases; Ka-
zuhisa Kodama, Yasunori Ueda, Kazunori Kashiwase, Akio Hirata, Mayu
Nishio, Mitsutoshi Asai, Osaka Police Hospital, Osaka, Japan; Yoshio Ya-
mada, Jun Tanouchi, Masami Nishino, Hiroyasu Kato, Ryu Shutta, Osaka
Rosai Hospital, Sakai, Japan; Shintaro Beppu, Akio Kohama, Hiroyoshi
Yamamoto, Osaka Seamens Insurance Hospital, Osaka, Japan; Issei
Komuro, Shinsuke Nanto, Yasushi Matsumura, Satoru Sumitsuji, Yasuhiko
Sakata, Daisaku Nakatani, Osaka University Graduate School of Medi-
cine, Suita, Japan; Toru Hayashi, Yasuji Doi, Ken-ichiro Okada, Noritoshi
Ito, Saiseikai Senri Hospital, Suita, Japan; Kenshi Fujii, Katsuomi Iwaku-
ra, Atsushi Okamura, Motoo Date, Yoshiharu Higuchi, Sakurabashi Wa-
tanabe Hospital, Osaka, Japan; Noriyuki Akehi, Settsu Iseikai Hospital,
Settsu, Japan; Eiji Hishida, Teramoto Memorial Hospital, Kawachinagano,
Japan; and Shiro Hoshida, Kazuhiko Hashimura, Takayoshi Adachi, Yao
Municipal Hospital, Yao, Japan.

REFERENCES

1. Wang JG, Staessen JA. Genetic polymorphisms in the renin-angi-
otensin system: relevance for susceptibility to cardiovascular dis-
ease. Eur J Pharmacol 2000; 410: 289-302. (Review)

2. Staessen JA, Wang JG, Ginocchio G, et al. The deletion/insertion
polymorphism of the angiotensin converting enzyme gene and
cardiovascular-renal risk. J Hypertens 1997; 15: 1579-92.

3. O’Donnell CJ, Lindpaintner K, Larson MG, et al. Evidence for
association and genetic linkage of the angiotensin-converting en-
zyme locus with hypertension and blood pressure in men but not
women in the Framingham Heart Study. Circulation 1998; 97:
1766-72.

4. Schunkert H, Hense HW, Holmer SR, ef al. Association between a
deletion polymorphism of the angiotensin-converting-enzyme
gene and left ventricular hypertrophy. N Engl J Med 1994; 330:
1634-8.

5. Kuznetsova T, Staessen JA, Wang JG, et al. Antihypertensive treat-
ment modulates the association between the D/I ACE gene poly-
morphism and left ventricular hypertrophy: a meta-analysis. J



196

11.

13.

15.

16.

17.

HARA, ET AL

Hum Hypertens 2000; 14: 447-54.

Cambien F, Poirier O, Lecerf L, et al. Deletion polymorphism in
the gene for angiotensin-converting enzyme is a potent risk factor
for myocardial infarction. Nature 1992; 359: 641-4.

Jeunemaitre X, Soubrier F, Kotelevtsev YV, et al. Molecular basis
of human hypertension: role of angiotensinogen. Cell 1992; 71:
169-80.

Kato N, Sugiyama T, Morita H, Kurihara H, Yamori Y, Yazaki Y.
Angiotensinogen gene and essential hypertension in the Japanese:
extensive association study and meta-analysis on six reported
studies. J Hypertens 1999; 17: 757-63.

Bonnardeaux A, Davies E, Jeunemaitre X, et al. Angiotensin II
type 1 receptor gene polymorphisms in human essential hyperten-
sion. Hypertension 1994; 24: 63-9.

Takami S, Katsuya T, Rakugi H, et al. Angiotensin II type 1 recep-
tor gene polymorphism is associated with increase of left ventricu-
lar mass but not with hypertension. Am J Hypertens 1998; 11:
316-21.

Tiret L, Bonnardeaux A, Poirier O, et al. Synergistic effects of an-
giotensin-converting enzyme and angiotensin-II type 1 receptor
gene polymorphisms on risk of myocardial infarction. Lancet
1994; 344: 910-3.

van Geel PP, Pinto YM, Voors AA, et al. Angiotensin II type 1 re-
ceptor A1166C gene polymorphism is associated with an in-
creased response to angiotensin II in human arteries. Hypertension
2000; 35: 717-21.

Delles C, Erdmann J, Jacobi J, et al. Aldosterone synthase
(CYP11B2) -344 C/T polymorphism is associated with left ven-
tricular structure in human arterial hypertension. J Am Coll Cardi-
ol 2001; 37: 878-84.

Samani NJ, O’Toole L, Martin D, et al. Insertion/deletion poly-
morphism in the angiotensin-converting enzyme gene and risk of
and prognosis after myocardial infarction. J Am Coll Cardiol
1996; 28: 338-44.

Keavney B, McKenzie C, Parish S, et al. Large-scale test of hy-
pothesised associations between the angiotensin-converting-en-
zyme insertion/deletion polymorphism and myocardial infarction
in about 5000 cases and 6000 controls. International Studies of In-
farct Survival (ISIS) Collaborators. Lancet 2000; 355: 434-42.
Palmer BR, Pilbrow AP, Yandle TG, et al. Angiotensin-converting
enzyme gene polymorphism interacts with left ventricular ejection
fraction and brain natriuretic peptide levels to predict mortality af-
ter myocardial infarction. J Am Coll Cardiol 2003; 41: 729-36.
Fatini C, Abbate R, Pepe G, et al. Searching for a better assess-
ment of the individual coronary risk profile. The role of angi-
otensin-converting enzyme, angiotensin II type 1 receptor and an-
giotensinogen gene polymorphisms. Eur Heart J 2000; 21: 633-8.

18.

20.

21.

22.

23.

24.

25.

26.

27.

Int Heart J
May 2014

Hara M, Sakata Y, Nakatani D, et al; Osaka Acute Coronary Insuf-
ficiency Study (OACIS) Investigators. Low levels of serum n-3
polyunsaturated fatty acids are associated with worse heart failure-
free survival in patients after acute myocardial infarction. Circ J
2013; 77: 153-62.

Nakatani D, Sakata 'Y, Suna S, et al; Osaka Acute Coronary Insuf-
ficiency Study (OACIS) Investigators. Incidence, predictors, and
subsequent mortality risk of recurrent myocardial infarction in pa-
tients following discharge for acute myocardial infarction. Circ J
2013; 77: 439-46.

Matsumoto S, Nakatani D, Sakata'Y, et al; Osaka Acute Coronary
Insufficiency Study (OACIS) Group. Elevated serum heart-type
fatty acid-binding protein in the convalescent stage predicts long-
term outcome in patients surviving acute myocardial infarction.
Circ J 2013; 77: 1026-32.

Mizuno H, Sato H, Sakata Y, et al; Osaka Acute Coronary Insuffi-
ciency Study (OACIS) Group. Impact of atherosclerosis-related
gene polymorphisms on mortality and recurrent events after myo-
cardial infarction. Atherosclerosis 2006; 185: 400-5.

Ohnishi Y, Tanaka T, Ozaki K, Yamada R, Suzuki H, Nakamura Y.
A high-throughput SNP typing system for genome-wide associa-
tion studies. ] Hum Genet 2001; 46: 471-7.

Lindpaintner K, Pfeffer MA, Kreutz R, et al. A prospective evalu-
ation of an angiotensin-converting-enzyme gene polymorphism
and the risk of ischemic heart disease. N Engl J Med 1995; 332:
706-11.

Akaike H. Information theory and an extension of the maximum
likelihood principle. In: Petrov BN, Caski F, eds. Proceedings of
the 2nd International Symposium on Information Theory. Buda-
pest, Hungary: Akadimiai Kiado; 1973: 267-81.

Law MR, Watt HC, Wald NJ. The underlying risk of death after
myocardial infarction in the absence of treatment. Arch Intern
Med 2002; 162: 2405-10.

Antman EM, Anbe DT, Armstrong PW, et al; American College
of Cardiology; American Heart Association Task Force on Practice
Guidelines; Canadian Cardiovascular Society. ACC/AHA guide-
lines for the management of patients with ST-elevation myocardial
infarction: a report of the American College of Cardiology/Ameri-
can Heart Association Task Force on Practice Guidelines (Com-
mittee to Revise the 1999 Guidelines for the Management of Pa-
tients with Acute Myocardial Infarction). Circulation 2004; 110:
€82-292.

Brugts JJ, de Maat MP, Danser AH, Boersma E, Simoons ML. In-
dividualised therapy of angiotensin converting enzyme (ACE) in-
hibitors in stable coronary artery disease: overview of the primary
results of the PERindopril GENEtic association (PERGENE)
study. Neth Heart J 2012; 20: 24-32.



