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The occurrence rate of cerebrovascular and cardiac
events in patients receiving antihypertensive therapy
from the post-marketing surveillance data for valsartan
in Japan (J-VALID)

Tsutomu Yamazaki1, Takahide Kohro2, Mitsuaki Chujo3, Masahide Ishigaki3 and Takafumi Hashimoto3

It is well known that blood pressure (BP) management reduces the incidence of cerebrovascular and cardiovascular events.

However, it is unclear how many of these events occur in hypertensive patients who receive pharmacological treatment. The aim

of this survey was to evaluate the occurrence rate of both types of events in patients receiving valsartan-based treatment.

Of 30366 patients treated with valsartan, 28356 patients were observed for 2.93 years. Antihypertensive drugs other than

valsartan were used in 56.8% of patients. After the administration of valsartan, the systolic and diastolic BP significantly

decreased from 161.1±19.1/90.4±13.1 to 139.9±18.1/79.6±11.9mmHg. Cerebrovascular events were observed in 550

patients (1.94%, 9.29/1000 patient-years), and cardiac events were observed in 576 patients (2.03%, 9.73/1000 patient-

years). A comparative analysis of the hazard ratios for cerebrovascular and cardiac events according to the BP level at the

endpoint showed a BP-dependent reduction of risk for cerebrovascular events, and the change in risk exhibited a J-curve

phenomenon in the relationship between cardiac events and systolic BP. The J-curve phenomenon was not observed in patients

aged o75 years, but it was observed for the systolic BP in patients aged X75 years. Adverse drug reactions were observed in

1925 of 28420 patients (6.77%). This post-marketing surveillance data for valsartan showed the outcomes for treated

hypertensive patients in a large population in Japan who were followed for up to 3 years. These data will add important

knowledge regarding the treatment of hypertension in Japan.

Hypertension Research (2013) 36, 140–150; doi:10.1038/hr.2012.154; published online 25 October 2012

Keywords: cardiac events; cerebrovascular events; post-marketing surveillance; valsartan

INTRODUCTION

The Seventh Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure
advocates that the ultimate public health goal of antihypertensive
therapy is the reduction of cardiovascular and renal morbidity and
mortality.1 Many studies have reported the beneficial effect of
antihypertensive treatment in reducing cerebrovascular and
cardiovascular events.2–4 However, a substantial risk remains even
for patients receiving antihypertensive treatment.
In the Japanese Society of Hypertension Guidelines for the

Management of Hypertension 2009 (JSH 2009),5 patients are
stratified into risk groups for cerebrovascular and cardiovascular
diseases according to the severity of the hypertension and the
presence/absence of major risk factors (complications and medical
history). The JSH 2009 specifies that the treatment goals should be
determined according to the risk stratification and recommends that
patients in the high-risk group should be strictly managed.

Since 1980, the leading cause of death in Japan has been malignant
neoplasm and mortality from malignant neoplasm has been steadily
increasing up to the present. The number of deaths from heart
diseases have slightly increased; however, there has been a trend
toward decreased mortality from cerebrovascular diseases since 1970.6

These data suggest that the antihypertensive treatments given over the
last 40 years may have suppressed the occurrence of cerebrovascular
events, but not cardiovascular events. The JSH 2009 guideline for
antihypertensive therapy clearly recommends strict blood pressure
(BP) control based on a number of clinical trials. However, the
percentage of patients with good BP control is not high. Mori et al.7

reported that the percentage of patients who could achieve their BP
goals (o140/90mmHg) was 40.7% in the best control group,
indicating that strict treatment of hypertension needs to be improved.
It is now well recognized that treating hypertension reduces the risk

of cerebrovascular and cardiovascular events. It is also known from
epidemiologic studies evaluating BP in untreated individuals that
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lower BP is associated with a lower risk.8 However, there are not
enough reports regarding the incidence rates of cerebrovascular and
cardiovascular events in patients under antihypertensive treatment in
Japan. An investigation of the occurrence rates of both events is
required to provide valuable insight into the cerebrovascular and
cardiovascular mortality and morbidity rates in patients receiving
antihypertensive treatment.
Valsartan, an angiotensin II receptor blocker, was approved for the

treatment of hypertension in Japan in September 2000, and it has
since been in wide clinical use.9 In Japan, pharmaceutical companies
are required to conduct post-marketing surveillance to assess the
safety and efficacy of drugs prescribed in clinical practice after their
launch. To evaluate the occurrence of cerebrovascular and cardiac
events in patients treated with antihypertensive therapy, this survey,
the Japanese Survey for Valsartan In Deployment (J-VALID), was
conducted in patients receiving valsartan for the treatment of
hypertension as a post-marketing surveillance for valsartan in Japan.

METHODS

Study design
This prospective survey with a central registry was designed as a designated

drug use investigation. The patient enrollment period was 2 years, and the

patient observation period was 3 years; that is, the study period was from

October 2002 to September 2007. The subjects of the survey were patients who

were given valsartan for the first time to treat hypertension, regardless of

whether they were receiving other antihypertensive agents during the enroll-

ment period. The patient registration form was sent to the registration center

within 4 weeks of initiation of treatment with valsartan.

No interventional limits were set in the survey because post-marketing

surveillance should be conducted in usual clinical practice according to Japanese

regulations. The investigators who participated in this survey reported their

clinical findings once per year, and the adverse events, including cerebrovascular

and cardiac events, were recorded at the time of onset. When a patient was

transferred to another department or hospital, the investigator recorded adverse

event data from the department or hospital as much as possible. When a

patient did not visit the investigator’s institute, the investigator asked him/her

the reason for not visiting and whether adverse events had occurred.

Outcome measures
The primary endpoint of this survey was defined as a cerebrovascular or

cardiac event. Cerebrovascular events included the following: the onset or

recurrence of cerebral hemorrhage, subarachnoid hemorrhage or cerebral

infarction, which were diagnosed on the basis of unequivocal signs or

symptoms of the neurological deficit that had a sudden onset and a duration

of more than 24h, or on the basis of computed tomography or magnetic

resonance imaging findings; or transient ischemic attack, which was defined as

a focal neurological deficit lasting for o24h. Cardiac events included the

following: the onset or recurrence of myocardial infarction, which was

diagnosed on the basis of typical clinical symptoms (ischemic chest pain,

pulmonary edema or carcinogenic shock), electrocardiogram changes (devel-

opment of pathological Q wave, ST-T segment elevation or depression, or new

left bundle branch block) and cardiac enzyme elevation;10,11 angina pectoris,

which was diagnosed on the basis of chest pain or discomfort, and

electrocardiograph changes; asymptomatic myocardial ischemia, which was

diagnosed by exercise testing or nuclear imaging studies; or heart failure,

including an acute onset and worsening chronic status, which was diagnosed

on the basis of clinical symptoms (shortness of breath, leg fatigue, edema or

orthopnea), echocardiography findings (left ventricular systolic dysfunction

defined as an ejection fraction of o40%) or elevated levels of biomarkers such

as brain natriuretic peptide.12–14 The first of these events to arise in a patient

was considered the primary endpoint. The primary endpoint also included

death caused by the above events. Diagnosis of the conditions listed above was

performed by the investigators who participated in this survey according to the

criteria mentioned above.

Data analysis
The following risk factors for cardiovascular diseases were collected as

background information on the patients: history or complications of dyslipi-

demia, diabetes, left ventricular hypertrophy, angina pectoris, myocardial

infarction, heart failure, cerebral hemorrhage, cerebral infarction, transient

ischemic attack, proteinuria, renal impairment, renal failure, arteriosclerotic

plaque, aortic dissection, occlusive arterial disease or hypertensive retinopathy.

For data analysis, cerebral hemorrhage, cerebral infarction and transient

ischemic attack were classified as cerebrovascular disease; left ventricular

hypertrophy, angina pectoris, myocardial infarction and heart failure were

classified as cardiovascular disease; proteinuria, renal impairment and renal

failure were classified as renal disease; and arteriosclerotic plaque, aortic

dissection and occlusive arterial disease were classified as vascular disease. We

analyzed the relationship between cerebrovascular and cardiac events and the

following factors as a pre-specified objective: sex, age (o65 years or 465

years), risk factors mentioned above, cigarette smoking and additional

antihypertensive agents. Additionally, the relationship between cerebrovascular

and cardiac events and BP at the endpoint as measured at the last visit or

before the occurrence of an event was analyzed as a post hoc objective. For

safety evaluation, adverse drug reactions were defined as adverse events that

were not denied causality for valsartan by the investigators.

Statistical analysis
The number of subjects in the analysis set was determined such that

cerebrovascular and cardiac events would be detected in each of the following

three groups with risk factors for cardiovascular disease in hypertensive

patients (JSH 2000):15 (1) patients without risk factors; (2) patients with

risk factors other than diabetes; and (3) patients with diabetes, organ damage

or cardiovascular disease. Thus, these risk factor groups were estimated to

account for 15, 20 and 65% of hypertensive patients, respectively, as shown in

the Study Group on Long-Term Antihypertensive Therapy (GLANT).16 To

detect at least one cerebrovascular or cardiac event that occurs at a rate of 0.1

with a 95% confidence interval, the number of subjects would be 3000. To

collect one event among patients with no risk factors of which the prevalence

was 15%, at least 3000 patients without risk factors should be enrolled. Thus,

20 000 subjects would be necessary to assess the above-mentioned hypothesis.

The analysis set consisted of patients who were enrolled in the survey and

given valsartan. The incidences of cerebrovascular events, cardiac events and

cerebrovascular/cardiac events (combination of cerebrovascular and cardiac

events) were calculated by the Kaplan–Meier method. A Cox proportional

hazards model was used to search for factors that might affect the onset of

cerebrovascular and cardiac events, and one-way analysis of variance was used

to assess changes in BP and pulse rate. For the calculation of the adjusted

hazard ratio, the following factors were used as covariates: sex, age and the

existence risk factors. The data are expressed as the mean value±s.d., and the

level of significance was set at Po0.05.

RESULTS

Patient characteristics
Of the 30 366 patients who received valsartan-based therapy that were
enrolled in the survey from 2940 institutions, the data from 29059
patients were collected by December 2007. Of the 29 059 patients
whose data were collected, 565 did not revisit after receiving the first
dose of valsartan, and 46 of them were excluded from the analysis
because of violation of the enrollment requirements and 28 because of
unidentified adverse events. As a result, 28 420 patients were eligible
for inclusion in the safety analysis, and 64 of these were excluded
from the event analysis because they failed to be reported an
observation end date. Thus, 28 356 were evaluable for the event
analysis. The median duration of the observation period was 2.93
years, and data for 59 208 patient-years were collected.
Table 1 shows the characteristics of the 28 356 patients who were

included in the event analysis. The percentages of men and women
were 50.8 and 49.2%, respectively, and the mean age was 64.6±12.0
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years. Patients aged 65 years or older accounted for 53.1%. The
following risk factors and past histories were observed: dyslipidemia
(32.6%), diabetes (20.2%), cerebrovascular disease (9.7%), cardiovas-
cular disease (18.7%), renal disease (8.3%), vascular disease (2.9%)
and hypertensive retinopathy (0.7%). The percentage of patients with
a history of smoking was 27.6%.
The dose of valsartan was significantly increased from

71.8±21.7mg at the start to 77.5±27.3mg at endpoint (Po0.001,
Table 2). The percentage of patients not receiving concomitant
antihypertensive drugs at the start of the survey was 50.3%, which
decreased to 43.2% at the endpoint. Antihypertensive drugs other
than valsartan were added for 2015 patients (7.1%), and of the drugs

added, Ca-blockers and diuretics were the most frequently used,
followed by a-blockers (Table 2). Eventually, 43.2% of patients were
treated with valsartan alone.

BP and pulse rate
Figure 1 shows the changes in BP and pulse rate. Both systolic and
diastolic BP significantly decreased after the administration of
valsartan from 161.1±19.1/90.4±13.1 to 139.9±18.1/79.6±11.9mm
Hg. In patients treated with valsartan alone (mono treatment group),
the BP decreased from 160.5±17.9/91.2±12.2 to 139.3±17.6/
80.3±11.5mmHg (Po0.001). In patients treated with valsartan in
addition to other drugs (add-on treatment group), the BP decreased
from 161.6±19.9/89.7±13.7 to 139.5±18.0/78.6±11.8mmHg
(Po0.001). Although there was no significant difference in the
systolic BP at the endpoint between the two groups, there was a
slight, but significant, difference in the diastolic BP at the endpoint
between the groups (Po0.001). The distribution of diastolic BP at the
endpoint was 80 (72, 78) mmHg (described as median (25 and 75%
tiles)) in the mono treatment group and 80 (70, 86) mmHg in the
add-on treatment group, respectively. This means that both distribu-
tions were similar. The pulse pressure significantly decreased from
69.3±0.1 to 59.0±0.1mmHg in the mono treatment group and
from 71.9±0.1 to 60.9±0.1mmHg in the add-on treatment group,
respectively, and there was a significant difference in the pulse
pressure at the endpoint between both groups (Po0.001). The
percentage of patients attaining an initial target BP of o140/90mm
Hg at the endpoint was 50.5%. The pulse rate was slightly, but
significantly, decreased from 74.7±11.6 to 73.3±10.8 beats per min
at the endpoint (Po0.001).

Cerebrovascular and cardiac events
Cerebrovascular events were observed in 550 patients (1.94%, 9.29/
1000 patient-years), and cardiac events were observed in 576 patients

Table 1 Patient characteristics

Item Number of patients %

Sex n (%)

Male 14 408 50.8

Female 13 948 49.2

Age (year)

o65 13 289 46.9

X65 15 067 53.1

Mean 64.6±12.0

Duration of hypertension (years) 7.3±7.2

Risk factor n (%)

Dyslipidemia 9250 32.6

Diabetes 5718 20.2

Smokinga 6750 23.8

Past history n (%)

Cerebrovascular disease 2756 9.7

Cardiovascular disease 5302 18.7

Renal disease 2343 8.3

Vascular disease 819 2.9

Hypertensive retinopathy 201 0.7

aHistory of smoking data was missing in 3923 patients.

Table 2 Concomitant drugs

At start At end Difference

Dose of valsartan (mg) 71.8±21.7 77.5±27.3

Antihypertensives n (%)

Not used 14 260 (50.3) 12245 43.2 �2015 (�7.1)

Used 14 096 (49.7) 16111 56.8 2015 (7.1)

Ca-blocker 11 263 (39.7) 13002 45.9 1739 (6.1)

b-Blockerþ ab-blocker 2797 (9.9) 3191 11.3 394 (1.4)

Diuretic 2735 (9.6) 3588 12.7 853 (3.0)

a-Blocker 1288 (4.5) 1595 5.6 307 (1.1)

ACE inhibitor 1230 (4.3) 1195 4.2 �35 (�0.1)

Hypolipidemics n (%)

Not used 22 141 (78.1) 21485 75.8 �656 (�2.3)

Used 6215 (21.9) 6871 24.2 656 (2.3)

Antidiabetics n (%)

Not used 25 288 (89.2) 25028 88.3 �260 (�0.9)

Used 3068 (10.8) 3328 11.7 260 (0.9)
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Figure 1 Changes in BP and pulse rate. Administration of valsartan

significantly decreased both systolic and diastolic BP (Po0.001, analysis of

variance), as shown in the upper panel. The pulse rate was slightly but

significantly decreased (Po0.001, analysis of variance), as shown in the

lower panel. Data are expressed as the mean value±s.d.
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(2.03%, 9.73/1000 patient-years). Two patients had both cerebrovas-
cular and cardiac events concurrently, and 1124 patients had either
one or the other (3.96%, 18.98/1000 patient-years). The cerebrovas-
cular events observed were cerebral infarction (n¼ 360), cerebral
hemorrhage (n¼ 80), transient ischemic attack (n¼ 95), and sub-
arachnoid hemorrhage (n¼ 22). The cardiac events observed were
angina pectoris (n¼ 246), heart failure (n¼ 212), myocardial infarc-
tion (n¼ 119) and asymptomatic myocardial ischemia (n¼ 23).
Cerebrovascular and cardiac death was observed in 135 patients
(0.48%, 2.28/1000 patient-years). Figure 2 shows the Kaplan–Meier
curves of the cerebrovascular and cardiac events.
Table 3 shows the incidences and hazard ratios for cerebrovascular

and cardiac events according to the demographic characteristics of
patients. Men were at a greater risk than women. All of the factors other
than dyslipidemia and hypertensive retinopathy were significant risk
factors for cerebrovascular/cardiac events. A comparison of cerebrovas-
cular and cardiac events revealed that dyslipidemia was more likely to
be a risk factor for cardiac events than for cerebrovascular events. Other
common risk factors presented a similar risk in both events.
The adjusted hazard ratios for cerebrovascular and cardiac events

were compared among the patients with four BP levels at baseline
(normal BP and stage I–III hypertension). The BP at baseline was not
a significant related factor for cerebrovascular events (P¼ 0.285) or
cardiac events (P¼ 0.332).
Because the BP at the endpoint was not determined in 87 patients,

the relationship between cerebrovascular/cardiac events and final BP
was investigated in 28 269 patients. Table 4 shows the adjusted hazard
ratios for cerebrovascular and cardiac events by BP level at the
endpoint. Both X140mmHg in systolic BP and X90mmHg in
diastolic BP were stronger risk factors for both cerebrovascular and
cardiac events. As shown in Figure 3, the risk of developing
cerebrovascular and cardiac events (adjusted hazard ratio) increased
linearly in an age-dependent manner.
Regarding cerebrovascular events, a risk reduction depending on

the systolic and diastolic BPs was observed, and the risk was

significantly high with a systolic BP of X140mmHg or a diastolic
BP of X80mmHg (Figure 3). Regarding cardiac events, a clear risk
reduction related to BP was not found; however, the risk was
significantly higher in patients with a systolic BP of X150mmHg
or a diastolic BP ofX90mmHg (Figure 3).
Table 5 shows the adjusted hazard ratios for cerebrovascular and

cardiac events by both age and BPs at the endpoint. The risk of
developing cerebrovascular events was significantly increased with a
systolic BP of X150mmHg or a diastolic BP of X90mmHg in
patients aged o65 years and with a systolic BP of X140mmHg or a
diastolic BP of X85mmHg in patients aged p65 to o75 and in
patients aged X75 years. Regarding cardiac events, a weak J-curve
phenomenon was observed for the systolic BP only in patients aged
X75 years (Figure 4).

Safety
Adverse drug reactions were observed in 1925 of 28 420 patients
(6.77%), and the number of cases of adverse drug reactions was 2497
(8.79%). The major adverse drug reactions were excess decrease in BP
(268 cases), dizziness (203 cases), headache (78 cases) and hyperka-
lemia (71 cases). Adverse drug reactions according to the System
Organ Class are listed in Table 6.

DISCUSSION

We analyzed data from 28356 patients (mean age: 64.6 years)
obtained from the designated drug use investigation of valsartan that
was conducted as post-marketing surveillance in accordance with
Japanese government regulations. Administration of valsartan
significantly reduced systolic and diastolic BP, and slightly, but
significantly, decreased pulse rate. For both cerebrovascular and
cardiac events, advanced age (X65 years), past history of cardiovas-
cular diseases and cigarette smoking were significant risk factors. A
higher BP achieved after treatment was a strong risk factor for the
incidence of cerebrovascular events, which were significantly high in
patients with a systolic BP of X140mmHg or a diastolic BP of
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Figure 2 Kaplan–Meier curves of cerebrovascular/cardiac events (a), cerebrovascular events (b) and cardiac events (c).
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Table 3 Hazard ratios for events by patient characteristics

Cerebrovascular/cardiac events Cerebrovascular events Cardiac events

Number

of

patients

Number

of

events %

Hazard ratio

(95% CI) P-value

Number

of

events %

Hazard ratio

(95% CI) P-value

Number

of

events %

Hazard ratio

(95% CI) P-value

Total 28 356 1124 3.96 550 1.94 576 2.03

Sex

Male 14 408 634 4.40 307 2.13 327 2.27

Female 13 948 490 3.51 0.78 (0.69, 0.88) o0.001 243 1.74 0.80 (0.68, 0.95) 0.009 249 1.79 0.77 (0.65, 0.91) 0.002

Age (years)

o 65 13 289 277 2.08 137 1.03 140 1.05

X65 15 067 847 5.62 2.66 (2.32, 3.05) o0.001 413 2.74 2.62 (2.16, 3.19) o0.001 436 2.89 2.71 (2.24, 3.28) o0.001

Dyslipidemia

Absent 19 106 731 3.83 375 1.96 357 1.87

Present 9250 393 4.25 1.04 (0.92, 1.18) 0.504 175 1.89 0.91 (0.76, 1.08) 0.283 219 2.37 1.19 (1.00, 1.40) 0.047

Diabetes

Absent 22 638 788 3.48 396 1.75 393 1.74

Present 5718 336 5.88 1.64 (1.44, 1.86) o0.001 154 2.69 1.50 (1.24, 1.80) o0.001 183 3.20 1.79 (1.50, 2.13) o0.001

Cerebrovascular disease

Absent 25 600 896 3.50 391 1.53 505 1.97

Present 2756 228 8.27 2.4 (2.07, 2.77) o0.001 159 5.77 3.84 (3.18, 4.60) o0.001 71 2.58 1.33 (1.03, 1.69) 0.032

Cardiovascular disease

Absent 23 054 651 2.82 398 1.73 254 1.10

Present 5302 473 8.92 3.29 (2.92, 3.70) o0.001 152 2.87 1.73 (1.43, 2.08) o0.001 322 6.07 5.73 (4.86, 6.75) o0.001

Renal disease

Absent 26 013 957 3.68 480 1.85 479 1.84

Present 2343 167 7.13 2.08 (1.76, 2.44) o0.001 70 2.99 1.75 (1.35, 2.23) o0.001 97 4.14 2.40 (1.92, 2.97) o0.001

Vascular disease

Absent 27 537 1062 3.86 523 1.90 541 1.96

Present 819 62 7.57 1.95 (1.49, 2.49) o0.001 27 3.30 1.73 (1.15, 2.49) 0.011 35 4.27 2.15 (1.50, 2.98) o0.001

Hypertensive retinopathy

Absent 28 155 1119 3.97 546 1.94 575 2.04

Present 201 5 2.49 0.60 (0.22, 1.30) 0.218 4 1.99 0.97 (0.30, 2.27) 0.957 1 0.50 0.24 (0.01, 1.05) 0.061

Smokinga

No 17 683 639 3.61 308 1.74 332 1.88

Yes 6750 324 4.80 1.38 (1.21, 1.58) o0.001 156 2.31 1.38 (1.14, 1.67) 0.001 168 2.49 1.38 (1.15, 1.66) o0.001

Additional antihypertesnives

Not used 12 245 362 2.96 206 1.68 158 1.29

Used 16 111 762 4.73 1.38 (1.22, 1.57) o0.001 344 2.14 1.10 (0.93, 1.31) 0.283 418 2.59 1.73 (1.45, 2.09) o0.001

Ca-blocker

Not used 15 354 559 3.64 262 1.71 299 1.95

Used 13 002 565 4.35 1.03 (0.91, 1.15) 0.678 288 2.22 1.12 (0.94, 1.32) 0.198 277 2.13 0.94 (0.80, 1.11) 0.450

b-Blockerþ ab-blocker

Not used 25 165 951 3.78 484 1.92 469 1.86

Used 3191 173 5.42 1.33 (1.13, 1.56) o0.001 66 2.07 0.99 (0.76, 1.28) 0.969 107 3.35 1.67 (1.35, 2.05) o0.001

Diuretic

Not used 24 768 848 3.42 455 1.84 395 1.59

Used 3588 276 7.69 2.12 (1.84, 2.42) o0.001 95 2.65 1.36 (1.08, 1.69) 0.008 181 5.04 2.97 (2.49, 3.54) o0.001
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X80mmHg. Regarding cardiac events, the risk was significantly high
with a systolic BP of X150mmHg or a diastolic BP of X90mmHg,
and a weak J-curve phenomenon was observed for the systolic BP in
elderly patients (X75 years).
Persistently high BP is a cause of vascular disorders and a risk

factor for the development or progression of major organ damage.
Additional layering of risk factors such as dyslipidemia and diabetes
increases the incidence of cerebrovascular and cardiovascular events

exponentially.17,18 In the present survey, advanced age (X65 years),
cigarette smoking and diabetes were significant risk factors, as stated
in JSH 2009.5 The hazard ratios for cerebrovascular and cardiac events
in the elderly versus the nonelderly patients were 2.62 and 2.71,
respectively. The hazard ratios for the events in smokers versus non-
smokers were 1.38. Thus, there was no difference between the hazard
ratios for both events. The hazard ratios for the cerebrovascular and
cardiac events in patients with diabetes versus those without, however,

Table 3 (Continued )

Cerebrovascular/cardiac events Cerebrovascular events Cardiac events

Number

of

patients

Number

of

events %

Hazard ratio

(95% CI) P-value

Number

of

events %

Hazard ratio

(95% CI) P-value

Number

of

events %

Hazard ratio

(95% CI) P-value

a-Blocker

Not used 26761 1042 3.89 511 1.91 533 1.99

Used 1595 82 5.14 1.19 (0.94, 1.48) 0.138 39 2.45 1.16 (0.82, 1.58) 0.391 43 2.70 1.22 (0.88, 1.64) 0.226

ACE inhibitor

Not used 27161 1051 3.87 522 1.92 531 1.96

Used 1195 73 6.1 1.56 (1.22, 1.97) o0.001 28 2.34 1.21 (0.81, 1.74) 0.331 45 3.77 1.90 (1.38, 2.54) o0.001

Abbreviations: ACE, angiotensin converting enzyme; CI, confidence interval.
aPatients whose history of smoking were unknown (n¼3923) were excluded from analysis.

Table 4 Adjusted hazard ratios for events by BP level or age

Cerebrovascular events Cardiac events

Number of patients Number of events % Hazard ratio (95%CI) P-value Number of events % Hazard ratio (95%CI) P-value

Systolic BP at endpoint (mmHg)

o140 15024 213 1.42 1 259 1.72 1

X140 13245 337 2.54 2.19 (1.85, 2.60) o0.001 314 2.37 1.66 (1.41, 1.96) o0.001

o120 2319 31 1.34 0.88 (0.59, 1.29) 0.532 57 2.46 1.59 (1.15, 2.17) 0.005

X120 to o130 4656 57 1.22 0.78 (0.57, 1.06) 0.117 80 1.72 1.10 (0.83, 1.46) 0.495

X130 to o140 8049 125 1.55 1 122 1.52 1

X140 to o150 6403 124 1.94 1.34 (1.05, 1.72) 0.020 122 1.91 1.34 (1.05, 1.73) 0.021

X150 6842 213 3.11 2.80 (2.25, 3.51) o0.001 192 2.81 2.49 (1.98, 3.13) o0.001

Diastolic BP at endpoint (mmHg)

o90 22865 404 1.77 1 469 2.05 1

X90 5404 146 2.70 3.17 (2.60, 3.84) o0.001 104 1.92 1.96 (1.57, 2.42) o0.001

o70 4245 73 1.72 0.61 (0.45, 0.80) 0.001 122 2.87 1.19 (0.92, 1.54) 0.179

X70 to o75 5381 90 1.67 0.67 (0.51, 0.88) 0.003 128 2.38 1.15 (0.90, 1.49) 0.263

X75 to o80 3295 44 1.34 0.61 (0.43, 0.85) 0.003 55 1.67 0.91 (0.66, 1.25) 0.573

X80 to o85 7207 139 1.93 1 117 1.62 1

X85 to o90 2737 58 2.12 1.33 (0.97, 1.80) 0.073 47 1.72 1.28 (0.90, 1.78) 0.165

X90 5404 146 2.70 2.57 (2.03, 3.25) o0.001 104 1.92 2.15 (1.64, 2.80) o0.001

Age (years)

o50 3006 8 0.27 1 18 0.60 1

X50 to o60 6344 76 1.20 4.67 (2.39, 10.50) o0.001 61 0.96 1.58 (0.94, 2.79) 0.084

X60 to o70 8348 144 1.72 6.64 (3.48, 14.78) o0.001 152 1.82 2.64 (1.64, 4.55) o0.001

X70 to o80 7883 215 2.73 11.81 (6.20, 26.23) o0.001 209 2.65 3.85 (2.40, 6.61) o0.001

X80 2775 107 3.86 19.69 (10.13, 44.30) o0.001 136 4.90 8.15 (4.99, 14.17) o0.001

Abbreviations: BP, blood pressure; CI, coefficient interval.
Hazard ratio on systolic and diastolic BP was adjusted for sex, age and existence risk factors or not.
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were 1.50 and 1.79, respectively, indicating that diabetes was a
stronger risk factor for cardiac events than for cerebrovascular
events. Furthermore, comparison of patients with and without
organ damage showed that cerebrovascular disease was a stronger
risk factor for cerebrovascular events, and renal disease and
cardiovascular disease were stronger risk factors for cardiac events.
Similar findings were also reported in national observational
studies,19,20 and the results of the present survey coincided well
with those that have been previously reported.
Analysis of the demographic characteristics of the patients revealed

that complications were more likely to be risk factors than the
baseline BP. In clinical trials comparing antihypertensive drugs, it was
reported that differences in the achieved BP affected the therapeutic
outcomes.21,22 Therefore, evaluating the relationship between BP
levels at the endpoint and the incidence of cerebrovascular and
cardiac events was considered reasonable. Observational studies of the
relationship between BP and cerebrovascular and cardiovascular
events showed that there was a linear relationship between
cerebrovascular events and BP, and cerebral hemorrhage was more
strongly related to BP than cerebral infarction.23 It was also reported
that there was a weaker relationship between cardiac events and BP,24

and the relationship between BP and each type of events was
weakened with age.25 With regard to interventional studies, a meta-
analysis suggests that the greater the degree of BP reduction, the
greater the benefit for lowering the risk of composite cardiovascular
endpoints.26 However, the meta-analysis does not take into account
the achieved BP in those studies, and another meta-analysis
performed by the same group suggests that while treating
hypertension reduces the risk of both stroke and myocardial
infarction in hypertensive diabetes mellitus patients overall, when a
lesser degree of BP control is compared with a higher degree of
control (an achieved systolic BP of 139mmHg versus 129mmHg),

the reduction in the risk of myocardial infarction was not significantly
decreased, but a significant reduction in stroke was observed.27

Similarly, in the present survey, there was a linear relationship
between the incidence of cerebrovascular events and BP, suggesting
that the hypothesis of ‘the lower, the better’ was correct. The
increasing risk associated with both systolic and diastolic BP for
cardiac events was weaker than that for cerebrovascular events, and
the J-curve phenomenon in elderly patients (X75 years) was observed
for cardiac events only for systolic BP. However, a systolic BP of
X150mmHg and a diastolic BP of X90mmHg were stronger risk
factors than a systolic BP o120mmHg and a diastolic BP
o70mmHg. Sub-analysis of several clinical trials has revealed the
J-curve phenomenon.28,29

The underlying cause of the J-curve phenomenon and the relation-
ship between BP and cardiac events in elderly patients remains
controversial. Because coronary perfusion pressure is maintained by
diastolic BP, coronary blood flow cannot be maintained if the
diastolic and systolic BP decrease in patients with coronary artery
stenosis, left ventricular hypertrophy and other conditions.30 This
may be the reason for the significantly high incidence of cardiac
events in patients with a history of cardiovascular disease. In the
elderly, the physiological response to maintain coronary blood flow, as
well as other organ blood flow, against BP deteriorate due to
reduction of vascular compliance.31 This may be also associated
with the J-curve phenomenon observed in elderly patients in this
survey.
A decrease in BP was epidemiologically reported to be a marker for

underlying poor health and subsequent mortality in older adults.32 In
addition, meta-analysis of individual patient’s data from seven
randomized clinical trials demonstrated that the J-curve
phenomenon between BP and cardiovascular events was observed
in patients treated with antihypertensive drugs and in non-treated
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patients.33 These results suggest that the J-curve phenomenon is not
caused by treatment with antihypertensive drugs, but rather caused by
poor health conditions. From this survey, the interpretation of the
J-curve phenomenon is difficult because a target BP to be achieved
was not set in this survey, and there are many modulating factors
besides BP that may affect cerebrovascular and cardiac events.34

Considering complications as risk factors, the prevalence of high-
risk patients with a history of cardiovascular diseases was higher in
the lowest BP category, systolic BP o120mmHg or diastolic BP
o70mmHg at the endpoint compared with the other categories.
However, a similar result was not found in patients with
cerebrovascular diseases (Supplementary Table). Thus, the J-curve

Table 5 Adjusted hazard ratios for events by both age and BP level

Cerebrovascular events Cardiac events

Number of patients Number of events % Hazard ratio (95%CI) P-value Number of events % Hazard ratio (95%CI) P-value

o65 years

Systolic BP at endpoint (mmHg)

o120 1039 8 0.77 0.85 (0.37, 1.75) 0.682 8 0.77 0.91 (0.39, 1.88) 0.819

X120 to o130 2348 11 0.47 0.47 (0.23, 0.90) 0.021 21 0.89 0.97 (0.55, 1.66) 0.901

X130 to o140 3795 36 0.95 1 33 0.87 1

X140 to o150 3000 24 0.80 0.92 (0.54, 1.53) 0.755 33 1.10 1.37 (0.84, 2.22) 0.207

X150 3065 58 1.89 2.96 (1.96, 4.54) o0.001 43 1.40 2.33 (1.48, 3.70) 0.000

Diastolic BP at endpoint (mmHg)

o70 1190 14 1.18 1.04 (0.53, 1.91) 0.914 14 1.18 0.98 (0.51, 1.80) 0.961

X70 to o75 1962 6 0.31 0.30 (0.11, 0.67) 0.002 18 0.92 0.84 (0.47, 1.47) 0.555

X75 to o80 1480 10 0.68 0.68 (0.32, 1.34) 0.275 11 0.74 0.68 (0.33, 1.31) 0.259

X80 to o85 3459 31 0.90 1 34 0.98 1

X85 to o90 1625 18 1.11 1.33 (0.73, 2.36) 0.342 14 0.86 0.91 (0.47, 1.67) 0.777

X90 3531 58 1.64 2.99 (1.94, 4.69) o0.001 47 1.33 2.03 (1.30, 3.18) 0.002

X65 to o75 years

Systolic BP at endpoint (mmHg)

o120 739 9 1.21 0.70 (0.32, 1.37) 0.314 20 2.71 1.71 (0.98, 2.90) 0.057

X120 to o130 1364 25 1.83 0.98 (0.59, 1.58) 0.935 29 2.13 1.28 (0.79, 2.06) 0.311

X130 to o140 2570 46 1.79 1 40 1.56 1

X140 to o150 2076 55 2.64 1.59 (1.07, 2.36) 0.020 46 2.22 1.52 (1.00, 2.33) 0.052

X150 2115 75 3.55 2.89 (2.01, 4.21) o0.001 63 2.98 2.72 (1.84, 4.08) o0.001

Diastolic BP at endpoint (mmHg)

o70 1498 25 1.67 0.56 (0.34, 0.89) 0.013 44 2.94 1.57 (1.01, 2.45) 0.043

X70 to o75 1955 32 1.64 0.60 (0.38, 0.91) 0.016 48 2.46 1.42 (0.92, 2.19) 0.111

X75 to o80 1096 15 1.37 0.52 (0.28, 0.88) 0.015 19 1.73 1.04 (0.58, 1.78) 0.902

X80 to o85 2361 59 2.50 1 37 1.57 1

X85 to o90 741 26 3.51 1.54 (0.95, 2.42) 0.076 18 2.43 1.68 (0.93, 2.91) 0.081

X90 1213 53 4.37 2.61 (1.79, 3.78) o0.001 32 2.64 2.51 (1.56, 4.04) o0.001

X75 years

Systolic BP at endpoint (mmHg)

o120 541 14 2.59 1.10 (0.58, 1.96) 0.758 29 5.36 1.90 (1.18, 2.99) 0.008

X120 to o130 944 21 2.22 0.84 (0.49, 1.40) 0.520 30 3.18 1.03 (0.65, 1.62) 0.885

X130 to o140 1684 43 2.55 1 49 2.91 1

X140 to o150 1327 45 3.39 1.41 (0.93, 2.14) 0.110 43 3.24 1.17 (0.77, 1.76) 0.458

X150 1662 80 4.81 2.61 (1.81, 3.82) o0.001 86 5.17 2.37 (1.68, 3.39) o0.001

Diastolic BP at endpoint (mmHg)

o70 1557 34 2.18 0.55 (0.350.84) 0.006 64 4.11 1.06 (0.731.56) 0.756

X70 to o75 1464 52 3.55 0.90 (0.611.33) 0.579 62 4.24 1.13 (0.771.66) 0.527

X75 to o80 719 19 2.64 0.68 (0.391.14) 0.144 25 3.48 0.96 (0.581.54) 0.862

X80 to o85 1387 49 3.53 1 46 3.32 1

X85 to o90 371 14 3.77 1.11 (0.591.95) 0.736 15 4.04 1.24 (0.672.17) 0.477

X90 660 35 5.30 2.20 (1.423.39) 0.001 25 3.79 1.66 (1.002.68) 0.048

Abbreviations: BP, blood pressure; CI, coefficient interval.
Hazard ratio on systolic and diastolic BP was adjusted for sex, age and existence risk factors or not.
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Table 6 Adverse drug reactions

Number of cases %

Total number of patients 28420 —

Number of patients with ADRs 1925 6.77

Number of ADRs 2497 8.79

ADR category

Infections and infestations 16 0.06

Neoplasms benign, malignant and unspecified (including cysts and polyps) 32 0.11

Blood and lymphatic system disorders 28 0.10

Immune system disorders 1 0.00

Endocrine disorders 5 0.02

Metabolism and nutrition disorders 174 0.61

Psychiatric disorders 36 0.13

Nervous system disorders 505 1.78

Eye disorders 18 0.06

Ear and labyrinth disorders 25 0.09

Cardiac disorders 210 0.74

Vascular disorders 144 0.51

Respiratory, thoracic and mediastinal disorders 114 0.40

Gastrointestinal disorders 218 0.77

Hepatobiliary disorders 44 0.15

Skin and subcutaneous tissue disorders 121 0.43

Musculoskeletal and connective tissue disorders 29 0.10

Renal and urinary disorders 76 0.27

Reproductive system and breast disorders 7 0.02

Congenital, familial and genetic disorders 1 0.00

General disorders and administration site conditions 178 0.63

Investigations 291 1.02

Injury, poisoning and procedural complications 13 0.05

Abbreviation: ADR, adverse drug reaction.
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phenomenon may result from the high prevalence of high-risk
patients with systolic BP o120mmHg. This finding also suggests
that the BP in high-risk patients with cardiovascular disease may be
decreased more easily. Further study is needed to clarify the
mechanism of the J-curve phenomenon observed in the present
study.
The question of the optimal BP target in antihypertensive treat-

ment is related to the J-curve phenomenon. Few studies have actually
shown that ‘lower is better’ for reducing cardiovascular events with
antihypertensive treatment, especially for patients with a systolic BP of
o130mmHg. The Studio Italiano Sugli Effetti Cardiovascolari del
Controllo della Pressione Arteriosa Sistolica (Cardio-Sis) trial com-
pared a target systolic BP of o140mmHg with a target systolic BP of
o130mmHg in hypertensive patients without diabetes mellitus and
revealed that targeting a systolic BP of o130mmHg significantly
reduced the rate of left ventricular hypertrophy compared with
targeting a systolic BP of o140mmHg.35 It also showed, as its
main secondary outcome, that the composite cardiovascular
endpoints were significantly reduced in the systolic BP
o130mmHg targeted group. However, left ventricular hypertrophy
diagnosed by electrocardiogram is a surrogate endpoint for
cardiovascular endpoint, and most of the cardiovascular events that
contributed to the difference between the two target groups were
coronary revascularization and new-onset atrial fibrillation, which are
‘softer’ endpoints compared with endpoints such as stroke,
myocardial infarction or death. Thus, taken together with the
results of our survey, further investigation would be needed to
clarify the optimal BP level for reducing cardiovascular events.
Regarding the incidences of cerebrovascular and cardiac events,

which was 9.29/1000 patient-years for cerebrovascular events and
2.01/1000 patient-years for myocardial infarction in this survey, it was
reported that the incidence of cerebrovascular events and myocardial
infarction were 3.90/1000 and 1.02/1000 patient-years in the Japan
Hypertension Evaluation with Angiotensin II Antagonist Losartan
Therapy study (J-HEALTH),36 and 7.4/1000 and 2.7/1000 patient-
years in Practitioner’s Trial on the Efficacy of Antihypertensive
Treatment in Elderly Patients with Hypertension II study (PATE-
Hypertension).37 Both surveys were single-arm anti hypertensive
studies conducted in Japan similar to this survey. Although the
incidence rates were different among the surveys, which may be
explained by differences in the patients’ background, cerebrovascular
events tended to occur much more frequently than myocardial
infarction in all of the studies. On the other hand, the incidences of
stroke and myocardial infarction in Valsartan Antihypertensive Long-
term Use Evaluation (VALUE)38 were 10.0/1000 patient-years for
stroke and 11.4/1000 patient-years for myocardial infarction, showing
a relatively higher ratio of cardiac to cerebrovascular incidence rates
compared with the surveys mentioned above. This result may reflect
the lower incidence rate of coronary heart disease in the general
Japanese population than the Western population.39,40 However,
VALUE was a randomized control study performed on patients
with high cardiovascular risk, and the comparison of incidence
rates warrants careful interpretation.
Regarding adverse drug reactions, most of them were tolerable and

described in the package insert of valsartan. Additionally, the
incidence ratio and types of adverse drug reactions reported in this
survey were similar to those of another post marketing surveillance of
valsartan with 7258 patients (data not shown). These findings
indicated that valsartan is a well-tolerated antihypertensive agent.
There were several limitations of this survey. In particular, 2010 of

30 366 patients (6.6%) were excluded for the reasons mentioned

above; the main reason was that data collection were not completed
by the deadline of December 2007. Secondarily, the data were
collected from a non-randomized observational survey without any
interventional limits and with no control group. Additionally, the
reported endpoints, cerebrovascular and cardiac events, were not
evaluated by other independent investigators. The findings from the
analysis of the subgroups and BP classifications have limitations,
although the data were adjusted for patient demographic factors; sex,
age and the existence risk factors. However, this survey provides a
valuable database due to the relatively large sample size, which
contains clinical information. Because the target BP required to
reduce the incidence of cardiovascular events remains controver-
sial,41,42 further investigations are required.
The results of the investigation of valsartan use with a sample size

of about 28 000 revealed the following: (1) Valsartan, alone or in
combination with other antihypertensive drugs, was effective at
controlling BP. (2) In patients receiving antihypertensive treatment
with valsartan, the incidence of cerebrovascular/cardiovascular events,
cerebrovascular events and cardiac events was 18.98/1000, 9.29/1000
and 9.73/1000 patient-years, respectively. (3) There was a linear
relationship between cerebrovascular events, and the systolic and
diastolic BP levels at any age and less of a relationship between cardiac
events and systolic and diastolic BP. However, a weak J-curve
phenomenon was observed in the relationship between cardiac events
and systolic BP only in elderly hypertensive patients (X75 years).
Further study is needed to clarify the mechanism of the J-curve
phenomenon. (4) Valsartan is a well-tolerated antihypertensive agent,
similar to other ARBs.
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