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Valsartan in a Japanese population with hypertension 
and other cardiovascular disease (Jikei Heart Study): 
a randomised, open-label, blinded endpoint 
morbidity-mortality study 
Seibu Mochizuki, Björn Dahlöf, Mitsuyuki Shimizu, Katsunori Ikewaki, Makoto Yoshikawa, Ikuo Taniguchi, Makoto Ohta, Taku Yamada, 
Kazuhiko Ogawa, Kiyoshi Kanae, Makoto Kawai, Shingo Seki, Fumiko Okazaki, Masayuki Taniguchi, Satoru Yoshida, Naoko Tajima, for the 
Jikei Heart Study group*

Summary
Background Drugs that inhibit the renin–angiotensin–aldosterone system benefi t patients at risk for or with existing 
cardiovascular disease. However, evidence for this eff ect in Asian populations is scarce. We aimed to investigate 
whether addition of an angiotensin receptor blocker, valsartan, to conventional cardiovascular treatment was eff ective 
in Japanese patients with cardiovascular disease. 

Methods We initiated a multicentre, prospective, randomised controlled trial of 3081 Japanese patients, aged 
20–79 years, (mean 65 [SD 10] years) who were undergoing conventional treatment for hypertension, coronary heart 
disease, heart failure, or a combination of these disorders. In addition to conventional treatment, patients were assigned 
either to valsartan (40–160 mg per day) or to other treatment without angiotensin receptor blockers. Our primary 
endpoint was a composite of cardiovascular morbidity and mortality. Analysis was by intention to treat. The study was 
registered at clintrials.gov with the identifi er NCT00133328.

Findings After a median follow-up of 3·1 years (range 1–3·9) the primary endpoint was recorded in fewer individuals 
given valsartan than in controls (92 vs 149; absolute risk 21·3 vs 34·5 per 1000 patient years; hazard ratio 0·61, 95% CI 
0·47–0·79, p=0·0002). This diff erence was mainly attributable to fewer incidences of stroke and transient ischaemic 
attack (29 vs 48; 0·60, 0·38–0·95, p=0·028), angina pectoris (19 vs 53; 0·35, 0·20–0·58, p<0·0001), and heart failure 
(19 vs 36; 0·53, 0·31–0·94, p=0·029) in those given valsartan than in the control group. Mortality or tolerability did 
not diff er between groups.

Interpretation The addition of valsartan to conventional treatment prevented more cardiovascular events than 
supplementary conventional treatment. These benefi ts cannot be entirely explained by a diff erence in blood pressure 
control. 

Introduction 
Cardiovascular disorders are the leading cause of mortality 
worldwide,1 and are expected to continue to increase with 
general ageing of the world’s population and rapid 
socioeconomic changes in the developing world. Hence, 
optimum pharmacotherapy for cardio vascular disease is 
urgently needed, in addition to lifestyle changes, to 
provide symptomatic relief and long-term protection. 
Hypertension is the most common cause of coronary 
heart disease and heart failure in Japan, and 
cerebrovascular disease is more prevalent in the Japanese 
population than in western societies.2 Angiotensin II has 
a well defi ned role in the pathogenesis of hypertensive 
left ventricular hyper trophy, stroke, coronary heart 
disease, and heart failure.3–5 Over the past decade, several 
clinical trials have shown the benefi ts of treatments that 
specifi cally block the renin–angio tensin–aldosterone 
system. Angiotensin receptor blockers were originally 
targeted at hyper tension, but also benefi t patients with a 
range of diseases6–15 and reduce the incidence of new 
onset type II diabetes.7,11,16

Direct implementation of available evidence into clinical 
practice in Japan might not be warranted by the available 
data, since responses to drug intervention and its clinical 
consequences might diff er between ethnic groups. Clinical 
trials of angiotensin receptor blockers on end-organ 
damage in Japanese patients show cardiovascular benefi ts, 
but because of shortcomings such as small sample sizes 
and observational data, these results are not conclusive 
and cannot be directly translated into clinical outcomes.17–21 
Thus, further large-scale Japanese clinical trials are 
needed.

We aimed to implement a large-scale clinical trial to 
investigate the eff ect of control of blood pressure (to a 
target of less than 130/80 mm Hg) with an added 
angiotensin receptor blocker, valsartan, compared with 
conventional treatment in a large Japanese population that 
was representative of the cardiovascular continuum of 
disease.22 Our hypothesis was that treatment with valsartan 
would yield additional protective benefi ts, compared with 
convent ional treatment, beyond those attributable to 
control of blood pressure. 
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Methods
Participants 
Our study design, organisation, clinical measurements, 
endpoint defi nitions, power calculations, and recruitment 
rates have been published previously.23 Briefl y, between 
January, 2002, and December, 2004, we recruited patients 
to an investigator-initiated, independent, investigator-led, 
multicentre, controlled trial.23 Participating centres 
included the four hospitals of the Jikei University in Tokyo, 
which has some of the largest inpatient and outpatient 
facilities in Japan, and 17 associated hospitals led by 
physicians from Jikei University.23 We used a prospective 
randomised open blinded endpoint (PROBE) design.24 

We recruited patients with hypertension, coronary heart 
disease, heart failure, or a combination of these 
cardiovascular disorders. The study population was 
selected and stratifi ed to be representative of the range of 
cardiovascular disease in a Japanese population. 
Participants could be 20–79 years of age, and of either sex. 
Patients with hypertension must have been diagnosed at 
least 3 months before enrolment, and have been under 
treatment with antihypertensive drugs. Patients with 
coronary heart disease were enrolled if they had either a 
history of the disease or had been newly diagnosed on the 
basis of typical symptoms, with coronary angiography 
showing at least one coronary stenosis of more than 75%. 
Patients with heart failure (New York Heart Association 
[NYHA] class II–IV), diagnosed on the basis of a historically 
low ejection fraction (echocardiography) or diastolic 
dysfunction, were enrolled if they had received standard 
treatment (diuretics, angiotensin-converting enzyme [ACE] 
inhibitors, β blockers, or a combination of these) for at 
least 4 weeks before enrolment. 

Exclusion criteria included acute coronary syndrome or 
myocardial infarction within 6 months, any cerebrovascular 
event within 3 months, serum creatinine higher than 
265 μmol/L, potassium higher than 5 mmol/L, treatment 
with an angiotensin receptor blocker 4 weeks or less before 
randomisation, or judgment by the physician that 
participation was unwise on the basis of patient 
characteristics and drug safety.

We used good clinical practice guidelines in accordance 
with the Declaration of Helsinki. Institutional review 
boards at every participating hospital approved the protocol 
and subsequent amendments. At the fi rst hospital visit, 
4 weeks before randomisation, we carefully explained the 
trial objectives and study design, and the risks and benefi ts 
of participation to all patients and obtained written 
informed consent. Patient privacy was strictly protected. 
The study was registered at register.clintrials.gov with the 
identifi cation number NCT00133328.

Study design 
Eligible patients with more than one cardiovascular 
disorder were stratifi ed into groups according to the 
following sequence of severity: heart failure, coronary heart 
disease, and hypertension. We then used a computer-

generated list of random numbers to assign patients to 
receive either valsartan or conventional treatment. We used 
the minimisation method25 to adjust for baseline 
characteristics. Investigators entered all patient data on a 
secure website. Electronic case report forms were then 
transferred to the data centre in Kobe. A data management 
team updated the database every month. All data were kept 
independently of the funding source. 

The primary endpoint was a composite of cardiovascular 
mortality and morbidity. Components of the endpoint 
included the following: hospital admissions for stroke or 
transient ischaemic attack (neurological defi cit persisting 
for less than 24 hours); myocardial infarction (chest pain, 
ECG-changes, and biomarkers for myocardial necrosis); 
admission for congestive heart failure (clinical symptoms 
including dyspnoea, shortness of breath, and peripheral 
oedema, together with left ventricular dysfunction by echo-
cardiography, according to the guidelines of the American 
College of Cardiology and American Heart Association 
[AHA/ACC]); admission because of angina pectoris 
(diagnosed as ECG changes along with chest discomfort or 
pain, with documented coronary heart disease according 
to AHA/ACC guidelines); dissecting aneurysm of the aorta 
(diagnosed by imaging technique); doubling of serum 
creatinine; or transition to dialysis. The fi rst of these events 
to arise in any specifi c patient was noted as the primary 
event. 

Any component of composite primary endpoint for 
which a patient could be counted once in each category 
was treated as a secondary endpoint. Death from any cause 
was also designated a secondary endpoint. A cardiovascular 
event was regarded as causal of death on the basis of the 
judgment of a participating physician, irrespective of the 
time between the event and death.

Procedures 
At enrolment we recorded patients’ demographics and 
baseline characteristics, including sex, age, height, 
bodyweight, symptoms and signs, and risk factors for 
cardiovascular disease (smoking, hyperlipidaemia, and 
diabetes mellitus). We assessed cardiac function, cardiac 
remodelling, and renal function at baseline and at 6-month 
intervals. The general clinical laboratory tests were 
urinalysis (proteinuria); blood chemistry (creatinine, 
sodium, potassium, total cholesterol, triglyceride, low 
density lipoprotein cholesterol and high density lipoprotein 
cholesterol, plasma glucose, and haemoglobin A1c) 
measured in the fasting state after an overnight 12 h fast; 
electrocardiography (ECG); echocardiography (left 
ventricular diastolic dimension, ventricular systolic 
dimension, ejection fraction, fractional shortening, 
intraventricular septum, and posterior wall thickness); and 
chest radiogram. We assessed the quality of life of patients 
with congestive heart failure with the modifi ed Minnesota 
living with heart failure and NYHA cardiac functional class 
scales.26 Patients could be seen every 2–4 weeks, at least 
every 6 months for up to 3·5 years. At every visit, a skilled 
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physician took standard blood pressure measure ments, 
with the patient at rest (5–10 min) in the sitting position, 
with a validated mercury sphygmomano meter. The mean 
of three measurements was calculated and recorded. The 
timing of blood pressure measurement was not constant 
in relation to patients’ intake of medication. 

We aimed to control blood pressure in both treatment 
groups to less than 130/80 mm Hg. Figure 1 shows the 
phases of treatment in our study protocol. Hypertensive 
patients in the valsartan group were initially given 80 mg 
of valsartan orally, once daily in the morning, fl exibly 
adjusted to a dose of 40–160 mg per day, as needed to 
control blood pressure. Patients with heart failure or 
coronary heart disease in the valsartan group were started 
on 40 mg once daily and uptitrated as tolerated. Controls 
were given either an increased dose of their existing 
treatment or an additional conventional treatment to 
achieve the blood pressure goal. 

Diagnoses of endpoints were verifi ed automatically by 
the computer system and by a data monitoring committee 
consisting of four expert cardiologists from Jikei 
University. An independent endpoint committee of three 
members who were not affi  liated with the University, all 
of whom were unaware of treatment allocation, also 
adjudicated the diagnoses. The end point committee 
reviewed all available document ation, including patient 
records. Endpoints were confi rmed only after agreement 
from all members of this committee. 

Statistical analysis 
Few epidemiological data about cardiovascular risk 
profi les in Japan were available. Information about the 
prognosis of patients treated by specialist doctors at 
specialised hospitals was especially scarce. Although the 
cardiovascular event rate in the Japanese population is 
low, the hospitals participating in our study undertake 
tertiary care of cardiovascular disease and therefore treat 
more severely ill patients than those seen in other 
hospitals. We estimated that the 3-year event rate for 
cardiac mortality and morbidity for patients with 
complicated cardiovascular disease would be about 12%. 
The fi ndings of a retrospective investigation of a few 
patients under treatment at our participating sites were 
almost identical to this estimate.

Since our study was event-driven, we calculated that to 
include 300 primary events, we would need a sample size 
of at least 3000 patients, followed up for an average of 
3 years. We assumed that the valsartan group would 
achieve a 20% reduction of risk compared with the 
conventional treatment group, giving our study 80% 
statistical power and an α error of less than 5% if 10% of 
patients discontinued treatment or were lost to follow-up. 

Analyses were based on intention to treat. The statistical 
analysis group at Osaka City University, which was 
independent of the study implementation group and the 
funding source, did data analyses. We checked that patient 
characteristics were uniformly distributed between groups, 

and used Cox’s proportional hazard regression analysis to 
compare the rate of event development. For primary 
analysis of intergroup diff erences in endpoints we used 
inference testing (95% CIs) with signifi cance defi ned at an 
α level of less than 5%. Hazard ratios were calculated and 
adjusted for sex, age, hypercholesterolaemia, diabetes 
mellitus, smoking, and concomitant antihypertensive 
treatment with Cox’s proportional hazard model. To assess 
signifi cance, we compared categorical data between groups 
with the χ² test or Fisher’s exact test and compared 
quantitative data between groups with the t test or analysis 
of variance. We compared the total number and rate of 
adverse events for each group.

Our data safety and monitoring board reviewed 
eff ectiveness and safety at regular intervals throughout the 
study. This board did three interim analyses, with the 
O’Brien–Fleming method,27 beginning 6 months after the 

Run-in*

–4 0 8–12 12–16
TitrationTitrationWeeks Randomisation End of study

Control group

Valsartan group

Non-ARB treatment

Valsartan (40–80 mg daily)

Valsartan (40–160 mg daily)

Non-ARB treatment

Non-ARB treatment

Non-ARB treatment

Figure 1: Schematic of study protocol with treatment phases
Doses of valsartan were given once daily. ARB=angiotensin receptor blocker. *Both groups given conventional 
non-ARB treatment.

3085 patients assessed
for eligibility

4 withdrew consent

3081 randomly allocated

8 withdrew consent
8 lost to follow-up

6 withdrew consent
7 lost to follow-up

1541 randomly allocated to
valsartan treatment
group

1541 available for
intention-to-treat
analysis

1540 available for
intention-to-treat
analysis

1540 randomly allocated to
non-ARB treatment
group

Figure 2: Trial profi le
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last person had been enrolled. In December, 2005, the data 
safety and monitoring board recommended that the study 
should be stopped for ethical reasons, because additional 
valsartan treatment was associated with a reduction in the 
primary endpoint (p<0·001, adjusted for three interim 
analyses). This recommendation was endorsed by the 
executive and steering committees. In January, 2006, all 
patients were recalled for fi nal visits. Since the event rate 
was lower and the risk reduction larger than expected, the 

premature end of the study coincided with the planned 
duration of follow-up. 

Role of the funding source 
The sponsor had no role in study design, data collection, 
data analysis, data interpretation or writing of the report. 
The executive committee had full access to all the data at 
the end of the study, and had fi nal responsibility for the 
decision to submit for publication. 

Results 
Figure 2 shows the trial profi le and table 1 the baseline 
characteristics for all the 3081 patients who were assigned 
to treatment. The two treatment groups were well matched 
for baseline characteristics: all patients were Japanese, with 
a mean age of 65 years, a mean body-mass index (BMI) of 
24 kg/m2, and a blood pressure of 139/81 mm Hg. About a 
third were female. Patients were censored at death or at 
last known visit, with a median follow-up of 3·1 years (SD 
0·8, range 1–3·9). In total the study gathered information 
for 8627 patient years (4326 in the valsartan group and 4321 
in the control group). Figure 2 shows that 14 patients 
(0·5%) withdrew consent after random allocation and 
15 patients (0·5%) were lost to follow-up. We obtained 
complete endpoint information at the end of the study for 
3052 patients. 

Table 1 shows that, at baseline, blood pressure in both 
groups combined was at a mean of 139/81 mm Hg (SD 
11/11). Throughout the study it fell to 131/77 mm Hg 
(12/8) in the valsartan group, and 132/78 (11/8) mm Hg 
in controls. The changes in blood pressure were 
8·2/4·7 mm Hg in the valsartan treatment group and 
7·2/3·7 mm Hg in controls. At the end of the trial only 
122 (4%) of patients in both groups had blood pressure 
greater than 140/90 mm Hg. 1118 (75%) of patients given 
valsartan and 1033 (70%) in the control group achieved 
the target blood pressure of less than 130/80 mm Hg. 
The Levene test for equality of variances showed no 
diff erences between the groups. Blood pressure and heart 
rate did not diff er between the valsartan regimen and the 
control regimen throughout the trial (table 3, p=0·196 for 

Valsartan treatment group 
(n=1541)

Non-ARB treatment group 
(n=1540)

Sex (female) 521 (34%) 517 (34%)

Age (years) 65 (10) 65 (10)

Current smoker 259 (17%) 262 (17%)

Systolic blood pressure (mm Hg) 139·2 (11·4) 138·8 (10·6)

Diastolic blood pressure (mm Hg) 81·4 (10·5) 81·4 (10·8)

Heart rate (beats per min) 71 (11) 72 (11) 

Body-mass index (kg/cm2) 24 (3) 24 (3)

Electrocardiograph (S V1 wave and 
R V5/V6 wave, mm)

29 (11) 28 (11)

HbA1c (%) 5·6% (1·0%) 5·6% (1·0%)

Total cholesterol (mmol/L) 5·4 (0·9) 5·4 (0·9)

LDL cholesterol (mmol/L) 3·2 (0·8) 3·1 (0·8)

HDL cholesterol (mmol/L) 1·4 (0·4) 1·4 (0·4)

Triglyceride (mmol/L) 1·7 (0·9) 1·7 (1·0)

Fasting plasma glucose (mmol/L) 6·5 (1·9) 6·6 (2·2)

Serum creatinine (μmol/L) 71 (18) 71 (18)

Sodium (mmol/L) 142 (2·5) 142 (2·8)

Potassium (mmol/L) 4·2 (0·4) 4·2 (0·9)

Medical history

Hypertension 1358 (88%) 1341 (87%)

Coronary heart disease 514 (33%) 522 (34%)

Heart failure 176 (11%) 174 (11%)

Hyperlipidaemia 812 (53%) 813 (53%)

Diabetes mellitus 315 (20%) 314 (20%)

ARB=angiotensin receptor blocker. LDL=low-density lipoprotein. HDL=high-density lipoprotein. Hb=haemoglobin. 
Data are mean (SD) or number (%). 

Table 1: Baseline characteristics

All patients Valsartan group Non-ARB 
treatment group

Patients with 
hypertension

Patients with coronary 
heart disease

Patients with 
heart failure

Calcium-channel blocker 2052 (67%) 1041 (68%) 1011 (66%) 1933 (72%) 626 (60%) 108 (31%)

ACE inhibitor 1073 (35%) 548 (36%) 525 (34%) 979 (36%) 340 (33%) 173 (49%)

β blocker 988 (32%) 486 (32%) 502 (33%) 897 (33%) 342 (33%) 145 (41%)

α blocker 167 (5%) 74 (5%) 93 (6%) 164 (6%) 32 (3%) 13 (4%)

Thiazide 68 (2%) 29 (2%) 39 (3%) 63 (2%) 10 (1%) 13 (4%)

Antialdosterone agent 116 (4%) 52 (3%) 64 (4%) 81 (3%) 31 (3%) 81 (23%)

Other diuretics 243 (8%) 117 (8%) 126 (8%) 170 (6%) 78 (8%) 162 (46%)

Statin 951 (31%) 461 (30%) 490 (32%) 807 (30%) 515 (50%) 58 (17%)

Fibrate 79 (3%) 42 (3%) 37 (2%) 70 (3%) 27 (3%) 5 (1%)

ARB=angiotensin receptor blocker. ACE=angiotensin-converting enzyme. 

Table 2: Medication at baseline
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systolic blood pressure and p=0·176 for diastolic blood 
pressure at end of study). 

Table 2 shows patients on medication at baseline: about 
two-thirds were receiving a calcium antagonist, a third an 
ACE-inhibitor, another third a β blocker, a tenth a diuretic, 
and almost a third a statin. A webtable sets out all doses of 
antihypertenstive medications in more detail. The average 
additional dose of valsartan was 75 (SD 14) mg per day. 
Other additional treatments in both groups were mainly 
calcium-channel blockers, ACE-inhibitors, and β blockers 

(table 3). The average number of antihypertensive drugs 
taken during the study was slightly higher in the valsartan 
group than in controls. However, when doses for all drugs 
were adjusted to a standard dose, according to Japanese 
clinical practice, the dose-adjusted numbers of drugs for all 
treatment groups were identical at the end of the study 
(table 3). Table 4 shows selected biochemical results. 

Figure 3 shows that the primary endpoint was recorded 
in fewer patients given valsartan (92, 6·0%) than in those 
given additional non-ARB treatment (149, 9·7%); the hazard 

Baseline Month 6 Month 12 Month 24 End of study

Valsartan 
(n=1541)

Control 
(n=1540)

Valsartan 
(n=1139)

Control 
(n=1127)

Valsartan 
(n=1479)

Control 
(n=1486)

Valsartan 
(n=1148)

Control 
(n=1170)

Valsartan 
(n=433)

Control 
(n=454)

Blood pressure

Mean SBP (mm Hg) 139·2 (11) 138·8 (11) 131·5 (15) 133·6 (13) 130·4 (14) 131·9 (14) 131·9 (14) 132·2 (13) 132·0 (14) 132·0 (14)

Mean DBP (mm Hg) 81·4 (11) 81·4 (11) 76·1 (9) 78·2 (10) 76·2 (9) 77·5 (10) 77·1 (9) 77·3 (9) 76·7 (8) 76·6 (9)

Pulse rate (bpm) 71·4 (11) 71·7 (10) 72·0 (10) 72·4 (10) 70·9 (10) 70·9 (10) 69·8 (11) 70·0 (10) 70·3 (10) 71·0 (9)

Medications*

Valsartan 0 0 0·93 0 0·93 0 0·93 0 0·95 0

ACE inhibitor 0·42 0·48 0·38 0·50 0·38 0·60 0·33 0·56 0·29 0·58

CCB 0·81 0·76 0·79 0·89 0·70 0·87 0·67 0·87 0·67 0·95

βblocker 0·23 0·18 0·22 0·19 0·23 0·21 0·20 0·21 0·20 0·22

All diuretics 0·07 0·07 0·11 0·14 0·07 0·17 0·07 0·20 0·06 0·17

All antihypertensive drugs 1·79 1·79 2·69 2·11 2·55 2·39 2·55 2·39 2·41 2·44

SBP=systolic blood pressure. DBP=diastolic blood pressure. ACE=angiotensin-converting enzyme. CCB=calcium-channel blocker. bpm=beats per minute. *Doses of individual 
drugs adjusted as fractions of the standard dose of those drugs in Japan. For example, the standard dose of valsartan is 80 mg; if 90% of patients took an average dose that 
was 110% of this standard dose, the dose-adjusted fi gure would be 99% (0·9×1·1). For valsartan, the dose-adjusted fi gure was 95% at the end of the study, representing an 
average dose of 76 mg.

Table 3: Patient characteristics and medications throughout the study in the two treatment groups

Primary endpoint
92 (6·0%)

Number of
events

Valsartan group

Number of
events

Non-ARB treatment group

Rate per 1000
patient years

p valueHazard ratio
(95% CI)

21·3

6·7

3·9

4·4

4·4

0·5

1·6

6·5

2·1

34·5

11·1

4·4

12·3

8·3

2·3

1·9

6·3

2·1

0·0002

0·0280

0·7545

0·0001

0·0293

0·0340

0·8966

0·7537

0·9545

149 (9·7%) 0·61 (0·47–0·79)

0·60 (0·38–0·95)

0·90 (0·47–1·74)

0·35 (0·20–0·58)

0·53 (0·31–0·94)

0·19 (0·04–0·88)

0·93 (0·34–2·61)

1·09 (0·64–1·85)

1·03 (0·41–2·60)

48 (3·1%)

19 (1·2%)

53 (3·4%)

36 (2·3%)

10 (0·6%)

8 (0·5%)

27 (1·8%)

9 (0·6%)

29 (1·9%)

17 (1·1%)

19 (1·2%)

19 (1·2%)

2 (0·1%)

7 (0·5%)

28 (1·8%)

9 (0·6%)

Composite endpoint

Secondary endpoints
Stroke or transient ischaemic attack

New or recurrent acute
myocardial infection

New occurrence or exacerbation
of angina pectoris needing hospitalisation

New occurrence or exacerbation
of heart failure needing hospitalisation

Dissecting aneurysm of the aorta

Transition to dialysis, doubling of
serum creatinine levels

All-cause mortality

Cardiovascular mortality

Incidence of endpoint reduced Incidence increased
0·125 0·25 0·5 1 2 4

Rate per 1000
patient years

Figure 3: Eff ect of treatment on all endpoints
Hazard ratios are adjusted for sex, age, hypercholesterolaemia, diabetes, smoking, and concomitant antihypertensive treatment. Diamonds and squares indicate the hazard ratio estimate for each type 
of event; horizontal lines show 95% CIs.

See Online for webtable
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ratio was 0·61 (95% CI 0·47–0·79, p=0·0002). This 
endpoint was a composite of several secondary endpoints 
(fi gure 3). The diff erence in the number of primary 
endpoints was mainly attributable to reduced frequency of 
stroke and transient ischaemic attack, angina pectoris, and 
heart failure.  29 patients given valsartan had stroke or 
transient ischaemic attack, compared with 48 controls (HR 
0·60, 95%CI 0·38–0·95, p=0·028); 19 patients given 
valsartan had angina pectoris compared with 53 controls 
(HR 0·35, 95%CI 0·20–0·58, p=0·0001); 19 patients given 
valsartan had heart failure, compared with 36 controls (HR 
0·53, 95%CI 0·31–0·94, p=0·0293); and two patients given 
valsartan had dissecting aneurysm of the aorta, compared 
with ten controls (HR 0·19, 95%CI 0·04–0·94, p=0·0293). 
Mortality, myocardial infarction, or progression of renal 
disease did not diff er between groups.

The event rate curves in fi gure 4 show that, excluding any 
of the components of the primary endpoint, the overall 
signifi cance of the primary endpoint was maintained in all 
cases. For the endpoint of stroke or transient ischaemic 
attack, nearly all events were strokes: 25 strokes and four 

transient ischaemic attacks in the valsartan group, and 
43 strokes and fi ve transient ischaemic attacks in the 
conventional-treatment group.

Table 5 shows that only 2·5% of patients reported any 
adverse event during the study, with no signifi cant 
diff erence between treatment groups. The only diff erence 
between the groups was a higher incidence of dizziness in 
the valsartan group, with nine cases compared with three 
in the control group.

Discussion
Addition of the angiotensin receptor blocker valsartan to 
standard cardiovascular treatment, compared with an 
increased dose or number of standard drugs, in Japanese 
patients with cardiovascular disease, reduced the incidence 
of the primary composite endpoint, of heart, brain, and 
kidney complications. The main eff ect of addition of 
valsartan was to reduce stroke, angina pectoris, dissecting 
aortic aneurysm, and heart failure. These benefi ts were 
noted despite a short median follow-up of 3·1 years, and 
were seen across various subgroups (data not shown).

Unfortunately, Asian patients have often been under-
represented in cardiovascular trials, including trials of 
angiotensin receptor blockers. For example, Asians made 
up 2·8%, 3·5%, and less than 2% of the populations in the 
Val-HeFT trial,6 the VALUE trial,16 and the LIFE trial,11 
respectively. None of these trials included a Japanese 
centre. One previous study on the eff ects of the angiotensin 
receptor blocker candesartan compared with standard 
treatment in a hypertensive Japanese population21 had 
shortcomings such as defi ciencies in randomisation and 
quality control, and large numbers lost to follow-up.

Patients in both treatment groups showed a similar 
degree of blood pressure control, achieving good control 
of the same magnitude. Since this was an active-controlled 
study, we could not ascertain to what degree regression-
to-the-mean or placebo eff ects might have contributed to 
the result.

Valsartan treatment group (n=1541) Non-ARB treatment group (n=1540) Between-group 
comparison

Between-group 
comparison 

Baseline 
n=1488

Follow-up 
visit  n=1541

Change Baseline 
n=1489

Follow-up 
visit n=1540

Change Baseline p Mean value at 
follow-up

p 

HbA1c (%) 5·6 (1·0) 5·7(0·9) 0·1(0·5) 5·6 (1·0) 5·7 (0·9) 0·1 (0·5) −0·01 (−0·08–0·06) 0·8059 −0·01 (−0·08–0·05) 0·6761

Total cholesterol (mmol/L) 5·4 (0·9) 5·2 (0·7) −0·1 (0·6) 5·4 (0·9) 5·2 (0·1) −0·1(0·6) 0·02 (−0·04–0·09) 0·4705 0·03 (−0·03–0·08) 0·3208

LDL cholesterol (mmol/L) 3·2 (0·8) 3·1 (0·7) −0·1 (0·6) 3·1 (0·8) 3·1 (0·7) −0·1 (0·6) 0·02 (−0·04–0·07) 0·5510 0·03 (−0·02–0·08) 0·2385

HDL cholesterol (mmol/L) 1·4 (0·4) 1·4 (0·3) −0·02 (0·2) 1·4 (0·4) 1·4 (0·3) −0·02 (0·2) −0·01 (−0·04–0·01) 0·3696 −0·01 (−0·04–0·01) 0·3119

Triglyceride (mmol/L) 1·7 (0·9) 1·7 (0·8) −0·05 (0·3) 1·7 (1·0) 1·6 (0·8) −0·03 (0·7) 0·04 (−0·02–0·11) 0·2036 0·02 (−0·04–0·08) 0·4747

Fasting plasma glucose (mmol/L) 7·0 (2·1) 7·0 (1·9) 0·05 (1·6) 7·0 (2·2) 7·1 (2·0) 0·1 (1·7) −0·08 (−0·24–0·07) 0·2968 −0·09 (−0·24–0·05) 0·1839

Serum creatinine (μmol/L) 71 (18) 71 (18) 1·8 (8·9) 71 (18) 71 (18) 1·8 (8·9) 0·35 (−1·1–1·8) 0·6261 0·46 (−1·1–2·0) 0·5560

Sodium (mmol/L) 142 (2·5) 142 (2·0) 0·5 (2·2) 142 (2·8) 142 (1·9) 0·4(2·4) 0·05 (−0·03–0·13) 0·2268 0·07 (0·01–0·13) 0·0228

Potassium (mmol/L) 4·2 (0·4) 4·3(0·3) 0·07 (0·9·) 4·2 (0·9) 4·3(0·3) 0·02(0·9) −0·01 (−0·02–0·003) 0·1169 0·004 (-0·002–0·01) 0·2207

eGFR (mL/min per 1·73 m2) 88·1 (23) 85·7(22) −2·4 (10·1·) 88·7 (23) 86·6(22) −2·2(11·3) −0·60 (−2·2–1·0) 0·4699 −0·84 (-2·4–0·7) 0·2964

Values are mean (SD). Hb=haemoglobin. eGFR=estimated glomerular fi ltration rate (normal range of 90–130 mL/min per 1·73 m2).

Table 4: Biochemical variables

0

Number at risk
1541 1504

Valsartan treatment group 92 events
Non-ARB treatment group 149 events

1441 1257 1092 855 689 368 368Valsartan group

Months

)
%( etar tnevE

1540 1502 1447 1262 1075 835 657 344 343Non-ARB group

0

3

6

9

12

6 12 18 24 30 36 42 48

Figure 4: Kaplan-Meier curves of cumulative frequency of the primary endpoint
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The mean dose of valsartan in this study (75 mg) might 
seem low, but studies in Japanese people have shown that 
80 mg of valsartan produced similar antihypertensive 
eff ects to those of nifedipine (20 mg)28 and amlodipine 
(5 mg).29 Moreover, because the mean BMI in our study 
was low (24, compared with the VALUE trial, for which 
mean BMI was 28),16 the doses we used would seem 
suffi  cient. Doses of all antihypertensive drugs, including 
valsartan, were based on the guidelines of the Japanese 
Hypertension Society.30

The Kaplan-Meier curves for the primary endpoint 
diverged early and separated throughout the trial (fi gure 4), 
indicating that the response to treatment was early and 
sustained. The overall reduction in the primary composite 
endpoint was not driven by any one component, indicating 
a broad range of benefi t—ie, a reduction of the total burden 
of cardiovascular disease. The eff ects on myocardial 
infarction and renal endpoints were neutral. However, 
event rates for secondary endpoints were low, and these 
results should not be overinterpreted. 

Some further comments are warranted. The reduction 
in angina with valsartan treatment (65%) was not matched 
by a similar reduction in myocardial infarction, although 
some underlying pathophysiological processes would be 
similar. However, other large-scale trials such as LIFE11 
and VALUE16 have also failed to show signifi cant 
diff erential eff ects of myocardial infarction with 
angiotensin receptor blockers compared with other 
treatments, despite other cardiac benefi ts. We could 
speculate that the renin–angiotensin–aldosterone system 
has a larger role in the development of angina than in 
myocardial infarction, in which other factors more related 
to rupture of atheromas and thrombosis are major 
determinants. A possible caveat should be noted: the 
PROBE design used in our study carries a risk of 
under-reporting, especially for softer endpoints such as 
angina. However, we believe that such a scenario would be 

highly unlikely to account for diff erences between groups 
of the magnitude we recorded. 

The reduction in the risk of stroke with added valsartan 
treatment was consistent with that reported with losartan 
in the LIFE study.11 However, we recorded a much lower 
absolute risk than that reported by LIFE, which is probably 
related to the lower mean blood pressure in our study 
population. The stroke endpoint combines both stroke and 
transient ischaemic attack, but the rates of transient 
ischaemic attacks were very low in our study. Debate about 
the degree to which reduction of stroke in the LIFE trial 
should be attributed to losartan and how much to a lack of 
stroke benefi ts in the group given the comparator (atenolol) 
is unresolved.31 In our study, atenolol was used in only 5% 
of patients in each group. In both studies, benefi ts for 
stroke reduction were noted at a similar degree of blood 
pressure control in treatment and control groups. 

These fi ndings contrast with the VALUE trial,11 in which 
valsartan treatment did not reduce the frequency of strokes 
compared with amlodipine. In the VALUE trial, blood 
pressure diff ered much more between the groups, 
consistent with the notion that stroke risk is mainly, but 
not entirely, related to blood pressure, especially in 
high-risk patients.32 Any benefi ts associated with valsartan 
treatment in the VALUE trial could possibly have been 
masked by the early diff erences in blood pressure. The low 
blood pressures in our study, and the fact that they were 
similar in both treatment groups, suggest that blood 
pressure was not a major determinant of outcomes. 
Furthermore, stroke rates did not cluster early, although 
any (minor) blood pressure diff erences were only seen 
during the fi rst 12 months. The possible benefi ts of 
angiotensin receptor blockers indicated in our study are 
highly relevant to the Japanese population, in which stroke 
causes four times more mortality and morbidity than does 
coronary heart disease.33 

Our study participants represented a range of cardio-
vascular risk and disease. The range of patients was 
broader than in most other intervention studies, which 
have focused on particular stages of cardiovascular disease. 
Although limiting patient heterogeneity in that regard 
would have simplifi ed interpretation of the results, such a 
strategy could also have limited the clinical implications of 
the fi ndings. The cardiovascular diseases represented in 
our study population—hypertension, coronary heart 
disease, and heart failure—are all disorders in which 
activation of the renin–angiotensin–aldosterone system is 
thought to play a major part.22,34

Some further limitations of our study suggest possibilities 
for further investigation. First, the use of aortic dissection 
or peripheral arterial disease as a component of the primary 
endpoint is uncommon, although not unique to this study. 
Aortic dissection or lower limb arterial obstruction was 
reduced in the valsartan group, although the number of 
events was very low. Since blood pressure was similar 
between the two treatment groups, the reduced aortic 
dissection could indicate that valsartan had a benefi cial 

Adverse events (n≥2) Valsartan Control group Total

Cancer or metastasis 7 7 14

Dizziness 9 3 12

Headache 1 1 2

Rashes 2 0 2

Zoster 0 2 2

Stomach discomfort 2 1 3

Palpitations 1 2 3

Liver function 2 1 3

Fracture 1 2 3

Infraconjunctival haemorrhage 0 2 2

Haemoptysis 0 2 2

Dry cough 1 1 2

Elevated serum potassium 2 0 2

Any adverse event 42 36 78

2·7% 2·3% 2·5%

Table 5: Adverse events occurring in more than one case
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eff ect on the aortic wall. Second, neither transition to 
dialysis nor doubling of creatinine concentrations were 
associated with cardio vascular benefi ts from valsartan. 
These events are standard endpoints in trials to assess the 
renal protection of angiotensin receptor blockers in 
diabetic patients with nephropathy.14,35 However, since 
numbers of participants with impaired renal function in 
our study were low, our fi ndings lack suffi  cient power to 
draw any conclusions. 

A third limitation of our study was that doses of ACE 
inhibitors given to some patients before the start of our 
study were low by western standards, although consis-
tent with clinical practice recommendations in Japan. 
Thus, we have no proof that the renin–angiotensin–
aldosterone system had been adequately inhibited before 
the trial, and we cannot exclude the possibility that the 
results would have diff ered in patients who had already 
been given high doses of ACE inhibitors, or that 
increasing the ACE inhibitor dose would have provided 
benefi ts in these patients. Last, our study was not 
adequately powered to detect changes in cardiovascular 
or all-cause mortality and our median follow-up of 
3·1 years was short. 
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