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Angiotensin-converting enzyme single nucleotide
polymorphism is a genetic risk factor for cardiovascular
disease: a cohort study of hypertensive patients

Nozomi Kato, Yuji Tatara, Mitsuru Ohishi, Yasushi Takeya, Miyuki Onishi, Yoshihiro Maekawa
and Hiromi Rakugi

The renin-angiotensin system (RAS) adversely affects stroke and cardiovascular disease; polymorphisms in genes involved

in this system are associated with cardiovascular disease. The aim of the present study was to confirm the genetic risk of these

polymorphisms for stroke and cardiovascular events in a cohort study of 515 hypertensive patients in Japan (follow-up period

90.6±30.2 months). The insertion/deletion (I/D) polymorphism of the gene encoding angiotensin-converting enzyme (ACE),

the M235T amino acid change in angiotensinogen, and the A1166C polymorphism in angiotensin II type 1 receptor were

determined by TaqMan PCR. In Kaplan–Meier analyses, the ACE I/D polymorphism was a risk factor for cerebro-cardiovascular

events, especially cardiovascular events (Po0.0001), and the M235T mutation was a risk factor for cardiovascular events

(Po0.0105). The cumulative rates of cerebro-cardiovascular end points for the ACE polymorphism were 10.6, 16.4 and 42.2%

for the II (n¼207), ID (n¼244) and DD (n¼64) genotype carriers, respectively (Po0.0001). Cox’s proportional hazard models

revealed that the ACE DD genotype was a risk factor for cerebro-cardiovascular and cardiovascular events (after adjusting for

common risk factors), anti-hypertensive treatment and RAS inhibition (Po0.0001). Moreover, after adjustment for the common

risk factors left ventricular hypertrophy and previous myocardial infarction/stroke, these phenomena were preserved. Thus, the

DD genotype of ACE may be a genetic risk factor for cerebro-cardiovascular disease, especially cardiovascular events, in

hypertensive patients in Japan.
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INTRODUCTION

Hypertension is a common disorder associated with increased
cerebro-cardiovascular disease (CVD) and a leading cause of morbi-
dity and mortality worldwide.1 A complex interaction of genetic and
environmental factors influences CVD.2 Many reports suggest that the
renin-angiotensin system (RAS) has an important role in the deve-
lopment of CVD, including contributions from the vasoactive peptide
angiotensin II—produced from angiotensinogen (AGT) by renin and
angiotensin-converting enzyme (ACE)—and its receptor, angiotensin
II type 1 receptor (AT1R).3–5 RAS-component gene polymorphisms
such as the M235Tsingle nucleotide polymorphism (SNP) in AGT, the
insertion (I)/deletion (D) polymorphisms in ACE, and the A1166C
SNP in AT1R have been reported from various laboratories, including
our group. Subjects with the TT AGT genotype have 10–20% higher
plasma AGT concentrations,6 and subjects with the ACE D allele
exhibit higher levels of serum and tissue ACE.7,8

In 1992, the Etude Cas-Temoin de l’Infarctus du Myocarde study
demonstrated that subjects with the DD genotype carry a significantly

increased risk of myocardial infarction (MI).9 We reported that
subjects with the DD genotype have a higher risk of restenosis
after emergency percutaneous coronary transluminal angioplasity,10

hypertension in males11 and stroke.12 We also reported that subjects
with the AGT TT genotype are at higher risk for lacunar infarction13

and history of hypertension,14 but not stroke.12 Indeed, the literature
contains many reports from other laboratories about these geno-
types and cardiovascular disease, but many of these results remain
controversial.
A cohort investigation with hypertensive patients could help

clarify the genetic risk of RAS polymorphisms for CVD. The GenHAT
study, a sub-analysis of the ALLHAT study, reported that the
ACE I/D polymorphism conferred no genetic risk for cardiovascular
diseases;15 however, the genetic frequencies of the ACE I/D poly-
morphism are quite different, and a cohort study of hypertensive
patients in Japan was not reported. Here, we investigate whether
three RAS genotypes interact with the risk of CVD in hypertensive
patients in Japan.
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METHODS

Study design and population
This cohort study was designed as a part of the NOn-invasive Atherosclerotic

evaluation in Hypertension study.16 At Osaka University Hospital, a total of 705

serial outpatients who had been diagnosed with essential hypertension were

recruited between January 1998 and June 2004. A total of 548 subjects were

genotyped for the three polymorphisms (II, ID, DD). A clinical survey of each

patient was conducted, but we were unable to obtain sufficient information

regarding cardiovascular events and/or mortality from 33 patients, leaving 515

hypertensive patients available for analysis. Hypertension was defined as systolic

blood pressureX140mmHg, diastolic blood pressureX90mmHg, and/or the

use of antihypertensive medication. The study protocol was approved by the

hospital ethics committee and written informed consent was obtained from all

participants. At entry, a total of 276 patients were not receiving treatment with

any antihypertensive drug, and 239 patients were treated with one or more

antihypertensive drugs as follows: 167 patients with a calcium antagonist, 145

patients with an angiotensin receptor blocker (ARB) and/or with an ACE

inhibitor (ACE-I), 50 patients with a b-blocker, 31 patients with a diuretic and

12 patients with an a-blocker.

Follow-up evaluation
Clinical follow-up was conducted by clinical visits, mailed questionnaires

and telephone contact every year. The questionnaire included the events of

hypertensive complications described below or cause of death; we confirmed

the responses in detail by comparing them against patient medical sheets. The

primary endpoint of this study was a new onset of CVD, such as stroke, angina

pectoris, MI, or heart failure. Specialists diagnosed stroke as a neurological

disturbance for at least 24h and evidence of infarction or bleeding using

computed tomography or magnetic resonance imaging. Angina was diagnosed

as typical chest pain without elevated levels of creatinine kinase and positive ST

change on a stress ECG, and MI as typical chest pain with a more than twofold

above normal level of creatinine kinase release and positive ST change on an

ECG. Heart failure was diagnosed using American Heart Association criteria.16

The follow-up duration encompassed the interval from the initial evaluation to

the time of event onset or the end of 2009. The average follow-up period±s.d.

was 90.6±30.2 months.

Genotyping
Peripheral venous blood was drawn into pyrogen-free tubes with ethylenedia-

minetetraacetic acid, then placed on melting ice and centrifuged for 15min at

1500�g for 10min at 4 1C. Plasma was stored at �80 1C, and samples were

thawed only once. The conventional genotyping method for screening ACE I/D

polymorphisms consists of two steps: a TaqMan PCR and agarose gel electro-

phoresis. In the present study, we prepared a C allele-specific probe, 5¢-Fam-

TGACCTCGTGATCCG-3¢, and a T allele-specific probe, 5¢-Vic-CAGGTCTAG
AGAAATG-3¢. We prepared three primers with the ACE sequences: forward,

5¢-CAGTAAGCCACTGCTGGAGACC-3¢ and 5¢-TTAGCCGGGATGGTCTCGAT-3¢;
and reverse, 5¢-GGCGAAACCACATAAAAGTGACTG-3¢. Cycling conditions

were an initial denaturation at 95 1C for 10min followed by 45 cycles of 30 s

at 95 1C, 60 s at 59 1C and 60 s at 72 1C. The resulting PCR products were

separated on 1.5% agarose gels, stained with ethidium bromide and visualized

under ultraviolet light. AGT polymorphisms encoding the M235T amino acid

substitution, as well as the AT1R polymorphism1166A/C, were determined by

amplification with biotinylated primers and hybridization to immobilized

sequence-specific oligonucleotides as previously described.17

Confounding factors
To clarify the influence of other risk factors on event-free survival for CVD and

cardiovascular disease, we estimated four Cox proportional hazard models

(Table 3). As arterial stiffness measured by pulse wave velocity was an

independent risk factor for the occurrence of CVD16 in the NOn-invasive

Atherosclerotic evaluation in Hypertension study, we included pulse wave

velocity as a confounding CVD risk factor in addition to age, gender, smoking

status, systolic blood pressure, diastolic blood pressure, diabetes mellitus and

dyslipidemia in Model 2. To exclude the influences of antihypertensive drugs,

we adjusted for CVD risk factors and administration of antihypertensive drugs

in Model 3. Our assumption that ACE-Is and/or ARBs impacted the influence

of these SNPs has been demonstrated previously;18 therefore, we also adjusted

for CVD risk factors, ACE-I administration, and/or ARB administration in

Model 4. To evaluate the influence of high-risk patients included in GenHAT,15

we selected advanced CVD risk factors such as left ventricular hypertrophy

shown on ECG or echocardiography, and previous MI and stroke (Table 3b).

Statistical analysis
Statistical analysis was performed with analysis of variance and Student’s t-test.

An event-free curve was estimated using the Kaplan–Meier method. We used a

log-rank test and non-adjusted Cox proportional hazard models to evaluate the

relative risk and 95% confidence intervals. Baseline clinical variables for these

patients were analyzed with the Cox proportional hazard model after adjusting

for confounding factors, and the hazard ratio with 95% confidence intervals

was given for each factor. Analyses were performed with commercially available

software (JMP ver. 8; SAS Inc., Cary, NC, USA). A value of Po0.05 was

considered statistically significant.

RESULTS

Kaplan–Meier survival curves according to AGT, ACE I/D and
AT1R polymorphisms
The observed frequencies of the RAS polymorphisms were in Hardy–
Weinberg equilibrium (Table 1). Kaplan–Meier analysis indicated a
significant difference in the incidence of CVD according to the ACE
I/D polymorphism (Po0.0001), but not according to the AGT or
AT1R polymorphisms (Figure 1). The AGT polymorphism exhibited
a statistically significant difference in cardiovascular events in the
Kaplan–Meier survival analysis (P¼0.0105; data not shown). When we
performed a Kaplan–Meier analysis classified into a dominant or
recessive model group, the TT genotype of AGT showed a significantly
higher incidence of cardiovascular diseases (P¼0.0026) and a trend
towards a higher incidence of CVD (P¼0.0808) than the MM+MT
genotype determined from the AGT and AT1R genotypes.

Baseline characteristics
Our study focused on the ACE I/D polymorphism, and we detected
significant differences in diastolic blood pressure and incidence of
diabetes among the three genotypes (Table 2a). To clarify the influence
of genetic background on the risk of CVD events, we also analyzed the
relationship between CVD events and ACE genotype in patients aged
o65 years (n¼298; Table 2b); no significant difference in baseline
clinical variables was uncovered in this sub-group.

Clinical outcomes
The cumulative rates of CVD end points were 10.6% (n¼22), 16.4%
(n¼40) and 42.2% (n¼27) in subjects with the II (n¼207),
ID (n¼244) and DD genotypes (n¼64), respectively (Po0.0001).
There was a significant difference in CVD incidence in subjects with
ACE polymorphisms (DD vs. ID and II; Po0.0001; Figure 2),
especially for cardiovascular disease, in the Kaplan–Meier survival
curves. The Cox proportional hazard model indicated that the DD
genotype was an independent risk factor for CVD and cardiovascular

Table 1 Hardy–Weinberg equilibrium of the genotypes detected

in this study

Genotype Allele frequency

ACE I/D II/ID/DD 207/244/64 I/D 63.9/36.1%

M235T MM/MT/TT 354/141/20 M/T 82.4/17.6%

A1166C AA/AC/CC 438/70/7 A/C 91.8/8.2%
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diseases, both without adjustment and after adjustment (Table 3a) for
CVD risk factors (Po0.0001). The analysis adjusted for advanced
CVD risk factors is shown in Table 3b. In this model, we found that
the DD genotype was an independent risk factor for CVD and
cardiovascular diseases, both without adjustment and with adjustment
for advanced CVD risk factors. Moreover, we also found that the DD
genotype was an independent low-risk factor for stroke after adjust-
ment for advanced CVD risk factors (P¼0.0476).

Clinical outcomes and antihypertensive treatment
Realizing that CVD events are reduced by anti-hypertensive treatment,
we evaluated the Cox proportional hazard model after adjustment for
CVD risk factors and antihypertensive treatment in Model 3 (Tables
3a and 3b). The DD genotype was an independent risk factor for CVD
and cardiovascular diseases after adjustment for anti-hypertensive
treatment and CVD risk factors (Table 3a; Po0.0001) or advanced
CVD risk factors (Table 3b; Po0.0001). The DD genotype trended

toward being an independent risk factor for stroke, but was not
statistically significant after adjusting for advanced CVD risk factors
and anti-hypertensive treatment (Table 3b; P¼0.0537). In Model 4, we
excluded the influence of RAS inhibition by adjusting for CVD risk
factors and treatment with ACE-Is and/or ARBs (Table 3a), and
advanced CVD risk factors and treatment with ACE-Is and/or ARBs
(Table 3b). The DD genotype was an independent risk factor for CVD
and cardiovascular diseases after adjusting for ACE-I and/or ARB
treatment (Tables 3a and 3b; Po0.0001). The DD genotype trended
towards being an independent low-risk factor for stroke in Model 4,
but was not statistically significant after adjusting for advanced CVD
risk factors and treatment with ACE-Is and/or ARB (Table 3b;
P¼0.0552).

Clinical outcomes in patients under 65 years of age
To emphasize the genetic influences of ACE polymorphisms on the
occurrence of CVD, we performed a sub-analysis in patients under
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Figure 1 Kaplan–Meier analysis of cerebro-cardiovascular disease according to polymorphisms in renin-angiotensin system genes. (a) Effect of angiotensin-
converting enzyme (ACE) insertion (I) or deletion (D) genotypes. (b) Effect of the M235T mutation in angiotensinogen (AGT). (c) The effect of the A1166C

polymorphism in the angiotensin II type 1 receptor (AT1R) gene.

Table 2a Patient characteristics and the ACE polymorphisms at baseline in all patients

II, ID, DD (515) II (207) ID (244) DD (64) P-value

Mean age (±s.d.), years 61.3±11.8 61.6±10.3 61.3±12.5 60.1±13.2 0.7011

Male gender (%) 57.1 54.1 59.8 56.3 0.4671

SBP (mm Hg) 137.6±19.7 137.2±19.2 139.0±20.3 133.5±18.1 0.1242

DBP (mmHg) 82.0±12.4 81.1±11.6 83.3±13.0 79.5±12.6 0.0457

HR (bpm) 67.8±11.0 66.5±11.2 68.8±10.7 68.1±10.9 0.1254

PWV (±s.d.) 9.09±4.75 8.75±1.60 9.30±6.70 9.38±1.79 0.4358

Diabetes (%) 25.9 21.4 32.4 15.6 0.0035

DL (%) 52.6 55.1 51.6 48.4 0.5892

Previous MI (%) 4.5 2.90 4.92 7.81 0.2402

Previous stroke (%) 7.6 6.76 7.79 9.38 0.7811

LVH (%) 23.7 28.02 20.83 22.22 0.3384

Antihypertensive drugs (%) 77.3 77.8 77.9 79.7 0.9438

ACE-I/ARB (%) 50.1 51.2 49.2 50.0 0.9119

CCB (%) 38.4 39.6 36.1 39.1 0.7246

Diuretic (%) 9.5 9.7 9.4 9.4 0.9956

a-Blocker (%) 3.1 2.4 2.9 6.3 0.3611

b-Blocker (%) 12.0 12.6 11.9 10.9 0.9355

Statins (%) 33.6 30.0 36.1 35.9 0.3550

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CCB, calcium channel blocker; DBP, diastolic blood pressure; DL, dyslipidemia; HR, heart rate;
LVH, left ventricular hypertrophy; MI, myocardial infarction; PWV, pulse wave velocity; SBP, systolic blood pressure.
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65 years of age (Tables 3c and 3d). The DD genotype was an inde-
pendent risk factor for CVD and cardiovascular diseases after adjust-
ment for anti-hypertensive treatment and CVD risk factors (Table 3c;
Po0.0001) or advanced CVD risk factors (Table 3b; Po0.005) in
these patients.

DISCUSSION

Although several previous studies have investigated the associations
among polymorphisms in the RAS genes and CVD, to our knowledge

this is the first study to investigate the associations among the RAS
polymorphisms and CVD using a hospital-based cohort study of
hypertensive patients in Japan. In this prospective cohort of 515
hypertensive patients, we demonstrated the deleterious effects of the
D allele of the ACE I/D polymorphism on CVD, especially regarding
cardiovascular disease. Moreover, we detected no association between
the AT1R polymorphism and CVD events; however, the AGT
polymorphism appeared to have an influence on the incidence of
cardiovascular diseases in a Kaplan–Meier analysis.

Table 2b Patient characteristics and the ACE polymorphisms at baseline in all subgroup of patients under 65 years of age

II, ID, DD (298) II (118) ID (142) DD (38) P-value

Mean age (±s.d.), years 53.6±9.0 54.6±7.7 53.3±9.7 51.9±10.3 0.2469

Male gender (%) 56.4 55.9 59.2 47.4 0.4276

SBP (mm Hg) 134.7±19.2 134.0±19.2 136.6±18.9 129.9±20.2 0.1384

DBP (mm Hg) 81.0±12.4 79.9±11.0 82.2±12.9 79.8±13.8 0.2677

HR (bpm) 68.6±10.9 66.5±10.0 70.6±11.7 67.8±9.7 0.0192

PWV (±s.d.) 8.85±1.74 8.74±1.64 8.76±1.77 9.56±1.85 0.0370

Diabetes (%) 23.8 20.3 30.3 10.5 0.0157

DL (%) 49.8 51.3 51.4 39.5 0.3900

Previous MI (%) 5.70 4.24 5.63 10.53 0.3967

Previous stroke (%) 7.72 6.78 8.45 7.89 0.8792

LVH (%) 22.1 25.7 19.2 21.2 0.4815

Antihypertensive drugs (%) 62.1 61.0 62.0 65.8 0.8683

ACE-I/ARB (%) 13.8 14.4 12.7 15.8 0.8557

CCB (%) 39.3 41.5 37.3 39.5 0.7876

Diuretic (%) 9.1 10.2 7.8 10.5 0.7497

a-Blocker (%) 3.0 1.7 3.5 5.3 0.4746

b-Blocker (%) 12.8 15.3 12.0 7.9 0.4438

Statins (%) 32.9 32.2 32.4 36.9 0.8586

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CCB, calcium channel blocker; DBP, diastolic blood pressure; DL, dyslipidemia; HR, heart rate;
LVH, left ventricular hypertrophy; MI, myocardial infarction; PWV, pulse wave velocity; SBP, systolic blood pressure.
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Figure 2 Kaplan–Meier analysis for cumulative primary end points according to the ACE insertion (I) or deletion (D) genotype. (a) CVD, cerebro-

cardiovascular disease; (b) cardiovascular event; (c) stroke; (d) total mortality.
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Table 3a Cox proportional hazard models for all patients

Model 1

(not adjusted)

Model 2 (adjusted for

CVD risk factors) a

Model 3 (model 2 adjusted

for antihypertensive drugs)

Model 4 (model 2 adjusted

for ACE-I or/and ARB)

Exp (95% CI) P Exp (95% CI) P Exp (95% CI) P Exp (95% CI) P

CVD II, ID vs DD 3.643 (2.317–5.727) o0.0001 3.532 (2.193–5.688) o0.0001 3.601 (2.231–5.811) o0.0001 3.692 (2.307–5.908) o0.0001

Cardiovascular

events II, ID vs. DD

10.769 (5.809–19.967) o0.0001 14.792 (7.552–28.974) o0.0001 16.364 (8.312–32.216) o0.0001 15.001 (7.612–29.564) o0.0001

Stroke II, ID vs. DD 0.535 (0.193–1.483) 0.2293 0.431 (0.154–1.205) 0.1084 0.438 (0157–1.226) 0.1159 0.435 (0.155–1.219) 0.1133

Total mortality II,

ID vs. DD

0.488 (0.151–1.579) 0.2311 0.443 (0.135–1.459) 0.1807 0.435 (0.132–1.435) 0.1718 0.443 (0.135–1.458) 0.1805

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II type 1 receptor blocker; CVD, cerebro-cardiovascular disease; DBP, diastolic blood pressure; DM, diabetes
mellitus; DL, dyslipidemia; PWV, pulse wave velocity; SBP, systolic blood pressure.
aCVD risk factors: age, sex, smoking, SBP, DBP, PWV, DM and DL.

Table 3b Cox proportional hazard models for all patients

Model 1

(not adjusted)

Model 2 (adjusted for

advanced CVD risk factors) a

Model 3 (model 2 adjusted

for antihypertensive drugs)

Model 4 (model 2 adjusted

for ACE-I or/and ARB)

Exp (95% CI) P Exp (95% CI) P Exp (95% CI) P Exp (95% CI) P

CVD II, ID vs. DD 3.643 (2.317–5.727) o0.0001 2.879 (1.725–4.804) o0.0001 2.918 (1.744–4.880) o0.0001 3.513 (2.160–5.712) o0.0001

Cardiovascular

events II, ID vs. DD

10.769 (5.809–19.967) o0.0001 13.994 (6.685–29.292) o0.0001 13.849 (6.601–29.057) o0.0001 14.254 (6.740–30.145) o0.0001

Stroke II, ID vs. DD 0.535 (0.193–1.483) 0.2293 0.302 (0.092–0.987) 0.0476 0.311 (0.095–1.019) 0.0537 0.314 (0.096–1.026) 0.0552

Total mortality II,

ID vs. DD

0.488 (0.151–1.579) 0.2311 0.748 (0.377–1.483) 0.4057 0.455 (0.136–1.520) 0.2007 0.436 (0.132–1.443) 0.1740

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II type 1 receptor blocker; CVD, cerebro-cardiovascular disease; DBP, diastolic blood pressure; DM, diabetes
mellitus; DL, dyslipidemia; MI, myocardial infarction; PWV, pulse wave velocity; SBP, systolic blood pressure.
aAdvanced CVD risk factors: age, sex, smoking, SBP, DBP, PWV, DM, DL, previous MI or stroke and left ventricular hypertrophy.

Table 3c Cox proportional hazard models for patients aged o65 years

Model 1

(not adjusted)

Model 2 (adjusted for

CVD risk factors) a

Model 3 (model 2 adjusted

for antihypertensive drugs)

Model 4 (model 2 adjusted

for ACE-I or/and ARB)

Exp (95% CI) P Exp (95% CI) P Exp (95% CI) P Exp (95% CI) P

CVD II,ID vs. DD 3.795 (2.209–6.519) o0.0001 3.535 (1.949–6.412) o0.0001 3.604 (1.981–6.559) o0.0001 3.663 (1.993–6.733) o0.0001

Cardiovascular

events II, ID vs. DD

14.818 (6.775–32.411) o0.0001 21.412 (8.339–54.981) o0.0001 21.844 (8.427–56.620) o0.0001 20.875 (8.033–54.250) o0.0001

Stroke II, ID vs. DD 0.365 (0.088–1.518) 0.1658 0.329 (0.076–1.425) 0.1371 0.332 (0.076–1.439) 0.1404 0.331 (0.076–1.442) 0.1407

Total mortality II,

ID vs. DD

0.252 (0.034–1.861) 0.1765 0.355 (0.045–2.820) 0.3275 0.335 (0.042–2.695) 0.3041 0.358 (0.045–2.846) 0.3313

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II type 1 receptor blocker; CVD, cerebro-cardiovascular disease; DBP, diastolic blood pressure; DM, diabetes
mellitus; DL, dyslipidemia; PWV, pulse wave velocity; SBP, systolic blood pressure.
aCVD risk factors: age, sex, smoking, SBP, DBP, PWV, DM and DL.

Table 3d Cox proportional hazard models for patients aged o65 years

Model 1

(not adjusted)

Model 2 (adjusted for

CVD risk factors) a

Model 3 (model 2 adjusted

for antihypertensive drugs)

Model 4 (model 2 adjusted

for ACE-I or/and ARB)

Exp (95% CI) P Exp (95% CI) P Exp (95% CI) P Exp (95% CI) P

CVD II,ID vs. DD 3.795 (2.209–6.519) o0.0001 2.707 (1.404–5.219) 0.0029 2.758 (1.424–5.342) 0.0026 2.731 (1.396–5.344) 0.0033

Cardiovascular

events II, ID vs. DD

14.818 (6.775–32.411) o0.0001 25.222 (8.434–75.427) o0.0001 25.966 (8.428–79.996) o0.0001 22.855 (7.438–70.225) o0.0001

Stroke II, ID vs. DD 0.365 (0.088–1.518) 0.1658 0.153 (0.020–1.165) 0.0699 0.160 (0.021–1.223) 0.0744 0.157 (0.020–1.202) 0.0746

Total mortality II,

ID vs. DD

0.252 (0.034–1.861) 0.1765 0.333 (0.040–2.751) 0.3074 0.320 (0.038–2.678) 0.2929 0.333 (0.040–2.755) 0.3079

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II type 1 receptor blocker; CVD, cerebro-cardiovascular disease; DBP, diastolic blood pressure; DM, diabetes
mellitus; DL, dyslipidemia; MI, myocardial infarction; PWV, pulse wave velocity; SBP, systolic blood pressure.
aCVD risk factors: age, sex, smoking, SBP, DBP, PWV, DM, DL, previous MI or stroke, PWV and left ventricular hypertrophy.
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In cross-sectional studies, the ACEDD genotype has functioned as a
risk factor for CVD in Japan;10,19–22,23 we confirmed this risk in our
cohort. Subjects with the DD genotype exhibited higher tissue ACE
activity and increased ACE expression in the plaque of acute coronary
syndrome, observations that may explain why hypertensive patients
with the DD genotype have a higher incidence of cardiovascular
disease. In contrast, in the GenHATstudy,15 the ACE I/D genotype was
not a predictor of CVD, nor did it modify the response to anti-
hypertensive treatment. A major difference between the present cohort
study and the GenHAT study is the race of the participants. It is well
known that the genetic frequency of the ACE I/D polymorphism
differs greatly between Caucasians and Asians, including Japanese. In
the present study, the frequencies of the II/ID/DD polymorphisms
were 40.2/47.4/12.4%, respectively, and the allele frequencies of
I/D were 63.9/36.1%, respectively. In the GenHAT study, the frequen-
cies of the II/ID/DD polymorphisms were 19.7/50.0/30.3%, respec-
tively, and the allele frequencies of I/D were 44.7/55.3%, respectively.
The inclusion criteria for these two cohort studies were also different;
the GenHAT study recruited high-risk hypertensive patients with
left ventricular hypertrophy and previous MI and stroke, whereas
our study included both low- and high-risk hypertensive patients.
To avoid heterogeneity in our study, we adjusted for coronary risk
factors included in the GenHAT study, but the relationship between
ACE polymorphisms and cardiovascular events did not change.
Another difference was that our study population was younger than
that in the GenHAT study. We found that the DD genotype was
associated with the occurrence of CVD in patients aged o65 years;
as shown in a previous report, the effect of this polymorphism
decreased with age.24

As we previously reported, the association between RAS inhibition
and ACE I/D polymorphism is very important.18 Although some
studies have reported that administration of ACE-Is and/or ARBs vary
the effect of the ACE I/D genotype on cardiovascular events,25 others
have not.15 Although we only have baseline information about anti-
hypertensive treatments, the ACE DD genotype was an independent
risk factor for CVD after adjusting for ACE-I/ARB drugs and anti-
hypertensive drugs. A previous report26 revealed an association
between aldosterone escape and the DD genotype, suggesting an
influence by aldosterone escape. Moreover, the DD genotype was an
independent risk factor for CVD after adjusting for not only all, but
also each antihypertensive drug or statins treatment (data not shown).
In the present study, the ACE polymorphism exerted a significant
effect on stroke. It is thought that stroke is a blood pressure-dependent
event, but in this study patient blood pressure was well controlled,
with patients receiving medication that affects stroke occurrence.
Although the ACE DD genotype was associated with a higher
incidence of CVD, the M235T SNP of AGT and the A1166C SNP of
AT1R also exhibited small associations. In the present study, only the
TT genotype of the M235T AGT SNP was associated with a lower
event survival ratio compared with the MT+MM genotype. As the
frequencies of the TT genotype in AGT and the CC genotype in AT1R
are low in the general population, a larger cohort study would be
required to confirm this association. However, this is the first report to
demonstrate the possibility of a genetic risk of the M235T AGT SNP
for CVD in hypertensive patients. Although this evidence is not
directly reflective of common clinical practice, we propose to tailor
treatment to the patient by genotyping patients with hypertension.

Study limitations
The present study had several limitations. First, this cohort study was a
hospital-based single-center study rather than a multi-center study.

To avoid study bias and confirm the present observations, a larger
cohort and multi-center trials are needed. Second, patients who
enrolled in this study received many types of antihypertensive treat-
ment, and some patients received agents that affected CVD. Recent
reports indicate that treatment with ACE-Is, ARBs, or statins improves
arterial stiffness, suggesting that treatment with these medications may
contribute to better survival outcomes.
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