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Proposal of a Risk-Stratification System for the
Japanese Population Based on Blood Pressure Levels:
The Ohasama Study

Kei ASAYAMAD, Takayoshi OHKUBO?, Atsushi SATO?, Azusa HARA?, Taku OBARAY,
Daisaku YASUI?, Hirohito METOKI®, Ryusuke INOUE", Masahiro KIKUYA?,
Junichiro HASHIMOTO"?, Haruhisa HOSHI”, Hiroshi SATOHV®, and Yutaka IMAIV?

The aim of the present study was to propose a risk-stratification system based on self-measurement of
home blood pressure (HBP) as well as casual-screening BP (CBP) in relation to Japanese Society of Hyper-
tension Guidelines for the Management of Hypertension (JSH 2004). For 4 weeks, the subjects measured
their HBP while seated every morning within 1 h after awaking, after having rested for at least 2 min. The
subjects included 2,368 Ohasama residents aged =35 years, with no history of stroke. CBP was measured
twice consecutively at baseline. Among all subjects, there were 174 incidences of stroke or transient
ischemic attack (TIA) observed during 9.4 years (interquartile 7.0-12.4) of follow-up. The analysis revealed
statistically significant linear increases in stroke or TIA risk in both the CBP-based and HBP-based classi-
fications. The risk for high-normal blood pressure (BP) was not significantly high according to the CBP-
based classification (relative hazard [RH] 1.52; 95% confidence interval [CI] 0.89-2.60), whereas it was sig-
nificantly high by the HBP-based classification (RH 1.91; 95% CIl 1.04-3.51). On the basis of the data in the
absolute risk table, the risks of first stroke or TIA for the 4 groups in the CBP-based and HBP-based clas-
sifications were proposed. Stroke or TIA risk increased linearly with the increase in the stage of stratified
risk, regardless of BP information (trend p<0.0001). Risks for non-hypertensive individuals should be
assessed in the next version of the Japanese BP guidelines. Furthermore, the importance of HBP should
be emphasized in order to accurately evaluate BP risks for individuals. (Hypertens Res 2008; 31: 1315-1322)
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Introduction

Hypertension is a leading cause of cardiovascular disease.
The utility of self-measurement of blood pressure (BP) at
home (HBP) has been recognized in the accurate diagnosis
and treatment of hypertension. We previously reported that
risk stratification based on HBP is a valuable tool for predict-
ing the incidence of stroke, and this finding supported the
assertion that BP management should be based on HBP infor-
mation (/, 2). However, recent guidelines for BP manage-
ment are based on casual-screening BP (CBP) only, even in
Japan, where HBP devices have been widely accepted and
used in clinical practice (3).

Thus far, researchers have focused on the cardiovascular
risks in high-normal (4) or prehypertensive (5) individuals
with several risk factors. In the Japanese Society of Hyperten-
sion Guidelines for the Management of Hypertension (JSH
2004), hypertensive patients were stratified into three risk
groups according to BP levels and complications (3). How-
ever, little attention has been paid to normal or high-normal
individuals with risk factors other than BP. Accurate evalua-
tion of normal or high-normal individuals is important in the
formulation of strategies that address the needs of the overall
population.

The present study proposes a risk-stratification system
based on HBP as well as CBP in relation to the JSH 2004, and
evaluates whether or not normal and high-normal BP values
are harmful to individuals with other risk factors.

Methods

Study Population

The present study is part of a longitudinal observational study
of subjects who have participated in our HBP measurement
project in Ohasama, a rural community in northern Japan,
since 1987. The socioeconomic and demographic characteris-
tics of the Ohasama study have been described previously (7,
2, 6-10). From 1988 to 1995, we contacted 4,969 subjects,
aged 35 years or older, living in 4 districts of Ohasama. Sub-
jects who were not at home during the study nurses’ normal
working hours (n=1,057) and those hospitalized (n=166) or
incapacitated (n=94) were ineligible. Of the remaining 3,652
residents, 2,933 (80%) participated in baseline examinations
and underwent follow-up. We excluded 454 subjects who did
not measure their HBP in the morning or in the evening >3
times (3 d).

To examine the risk of the first onset of stroke, 111 individ-
uals who had a history of stroke were further excluded from
the present analysis. Therefore, the study population con-
sisted of 2,368 individuals. The study protocol was approved
by the Institutional Review Board of Tohoku University
School of Medicine and by the Department of Health of the
Ohasama town government. Informed consent was obtained

from each subject.

BP Measurements

At annual health check-ups, the subjects were seated at rest
for at least 2 min, and then CBP was measured twice consec-
utively by well-trained nurses or technicians. We used a semi-
automatic CBP measuring device (USM700F; Ueda Elec-
tronic Works, Tokyo, Japan) based on the microphone
method.

Physicians and well-trained public health nurses conducted
health education classes to instruct the subjects on how to per-
form HBP. After their ability to measure HBP was verified,
the subjects measured their own BPs once in the morning, in
the sitting position after at least 2 min of rest, within 1 h after
awaking. Patients were asked to record their measurements
for 4 weeks. Individuals taking antihypertensive medications
measured their HBP before taking the medication. We
allowed subjects to measure their own BP two or more times
on each occasion; however, the first measurement value from
each occasion was used for analysis to exclude subjects’
selection bias. All subjects were instructed to hold their cuff-
covered arm at heart level during HBP measurements. These
procedures were described in detail in our previous report (9),
and they followed the Japanese guidelines for self-monitoring
of BP at home (/7). HBP was measured using the HEM 401C
(Omron Healthcare, Kyoto, Japan), a semi-automatic device
based on the cuff-oscillometric principle, that generates a dig-
ital display of both systolic and diastolic BP (/2). The devices
for measuring CBP and HBP were calibrated before the start
of the study (/2). The devices met the criteria set by the Asso-
ciation for the Advancement of Medical Instrumentation (/3).
We used a standard arm cuff for HBP measurements, since
none of the subjects had an arm circumference of 34 cm or
more.

Classification of Groups in Relation to JSH 2004

Based on the JSH 2004 risk-stratification system (3), the sub-
jects were first classified into 6 BP categories as shown in
Table 1. The HBP-based and CBP-based criteria were defined
as follows: Optimal (HBP<115/75, CBP<120/80 mmHg);
Normal (HBP 115/75-124/79, CBP 120/80-129/84 mmHg);
High-normal (HBP 125/80-134/84, CBP 130/85-139/89
mmHg); Stage 1 HT (mild hypertension: HBP 135/85-149/
94, CBP 140/90-159/99 mmHg); Stage 2 HT (moderate
hypertension: HBP 150/95-164/104, CBP 160/100-179/109
mmHg); and Stage 3 HT (severe hypertension: HBP>165/
105, CBP=180/110 mmHg). When a subject’s systolic and
diastolic BPs were in different categories, the subject was
assigned to the higher category. The classification based on
CBP was equal to the JSH 2004 criteria, and classification
based on HBP was in accordance with our previous report (7,
2). Briefly, HBP of 135/85 mmHg is equivalent to CBP of
140/90 mmHg according to several guidelines (3-5). To



Table 1. Stratification of Risk to Quantify Prognosis
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Category definition Optimal Normal High-normal Stage 1 HT Stage 2 HT Stage 3 HT
CBP-based <120/80 120/80-129/84  130/85-139/89  140/90-159/99 160/100-179/109 >180/110
HBP-based <115/75 115/75-124/79  125/80-134/84  135/85-149/94  150/95-164/104 >165/105

HT, hypertension; CBP, casual-screening blood pressure; HBP, home blood pressure.

Table 2. Clinical Characteristics among Groups*

Variables Optimal Normal  High-normal Stage 1 HT Stage2 HT Stage 3 HT
Home blood pressure—based groups
Number of subjects 679 551 513 458 141 26
Age (years) 527115 584%11.0 613%11.2 64.7£10.6 66.7£10.7 68.2%11.8
Men (%) 233 40.1 39.4 46.1 64.5 73.1
Body mass index (kg/m?) 22.7£2.8 23.6%3.0 23.8%3.1 24.0£3.2 242133 24.2+4.7
Past history of CVD (%) 0.0 1.1 0.6 1.1 0.7 0.0
Diabetes mellitus (%) 7.1 9.4 9.4 12.2 13.5 154
Smoking (%) 12.8 225 19.3 214 29.8 42.3
Hypercholesterolemia (%) 19.3 29.8 31.8 30.1 333 30.8
Use of antihypertensive medication (%) 7.5 16.7 35.9 54.1 67.4 65.4
Home SBP (mmHg) 107.2£5.6  119.3£3.2  128.6%£3.7 139.0£6.0 152.6%£7.1 164.8%t11.7
Home DBP (mmHg) 65.0£5.7 72.2%4.8 76.9%5.5 82.817.1 89.71£9.3 97.0x11.6
Casual SBP (mmHg) 119.9£14.6 127.6£13.9 1348154 141.0£18.0 145.7£17.0 154.4£23.5
Casual DBP (mmHg) 69.01£9.4 73.2£9.5 753%£103  79.7£11.6 82.4%12.6 86.2%14.7
Casual-screening blood pressure—based groups

Number of subjects 598 544 531 521 137 37
Age (years) 55.0+11.4 582+11.6 60.2+12.0 62.5+11.7 64.2+£12.0 63.6£13.3
Men (%) 27.6 36.0 42.6 432 50.4 56.8
Body mass index (kg/m?) 22.612.8 23.5%+3.0 23.7+3.1 24.0+3.2 24.1+3.1 244134
Past history of CVD (%) 0.7 0.4 0.8 0.8 0.0 2.7
Diabetes mellitus (%) 7.7 9.6 10.7 10.6 9.5 10.8
Smoking (%) 17.9 20.0 20.3 19.2 21.2 21.6
Hypercholesterolemia (%) 20.1 28.7 29.9 30.9 28.5 43.2
Use of antihypertensive medication (%) 12.5 24.4 29.6 44.3 52.6 51.4
Home SBP (mmHg) 113.6£11.7 121.6%£12.6 1259+13.0 131.9+£13.7 138.7£15.1 142.4+14.7
Home DBP (mmHg) 69.1+8.6 73.7+£8.9 75.5+9.1 78.21£9.4 81.2+11.1  82.8+12.5
Casual SBP (mmHg) 110.0£6.9 124.1£35 133.844.0 146.5t64 163.6%9.3 186.1+15.2
Casual DBP (mmHg) 64.716.8 71.0£6.6 75.7+£8.0 82.019.1 90.3+10.8 97.8+14.8

*See Table 1 for the definitions of groups. Values are expressed as meantSD. CVD, cardiovascular disease; SBP, systolic blood pres-

sure; DBP, diastolic blood pressure; HT, hypertension.

define other BP levels based on HBP, we postulated that 75,
80, 95, and 105 mmHg of diastolic HBP were equivalent to
80, 85, 100, and 110 mmHg of diastolic CBP, respectively.
Then systolic BP levels for HBP were introduced based on
the proportion of subjects in each CBP classification. In the
present analysis, we did not include the concept of pure sys-
tolic hypertension.

The study subjects were then stratified into three classes
based on the extent of cardiovascular risks: first class (no risk
factors), second class (one or two risk factors except diabetes
mellitus), and third class (three or more risk factors, diabetes
mellitus, or past history of cardiovascular disease). Risk fac-

tors were defined as follows: age =60 for men, age =65 for
women, body mass index (BMI) =25 kg/m?, habitual smok-
ing, and hypercholesterolemia. Finally, individuals were
assigned to one of four risk groups: No, Low, Moderate, or
High. The assignment to a group was based on a combination
of JSH 2004 criteria, cardiovascular risk factors, and absolute
risk for stroke or transient ischemic attack (TIA) incidence.

Follow-Up and Risk Assessment

We accumulated follow-up data from 1987 through 2001.
The subjects’ residence status in Ohasama was confirmed by
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Fig. 1. Risk of first stroke or TIA among 6 categories defined
on the basis of BP levels. Relative hazard (RH) and 95% con-
fidence intervals (CI) for classifications based on BP levels
are displayed. Criteria are shown in Table 1. The optimal BP
category was treated as the reference category. Solid squares
indicate the RH point and are sized in proportion to the num-
ber of events observed. Trend p-value expresses the linearity
among groups. Adjusted factors were age, sex, body mass
index, smoking status, drinking habit, diabetes mellitus,
hypercholesterolemia, and past history of cardiovascular
disease. HBP, home blood pressure; CBP, casual-screening
blood pressure; Opt, Optimal; Nor, Normal; HN, High-nor-
mal; S1, Stage 1 hypertension; S2, Stage 2 hypertension; S3,
Stage 3 hypertension.

registration cards. These cards are accurate and reliable
because they are used for pensions and social security bene-
fits in Japan.

The incidence and history of stroke and TIA were investi-
gated through the Stroke Registration System of Iwate Prefec-
ture, death certificates, National Health Insurance receipts,
and a questionnaire sent to each household at the time of
home BP measurement. The information was then confirmed
by checking the medical records of Ohasama Hospital, where
more than 90% of the subjects received their regular health
check-ups. We used CT scans and MRI to determine the clin-
ical definition of stroke. For 3% of stroke cases, death certifi-
cates were the only source of information. In those who had
multiple nonfatal events, the analysis included only the first
event. The diagnostic criteria of stroke, TIA, and their sub-
types were based on the system for the Classification of Cere-
brovascular Disease III by the National Institute of
Neurological Disorders and Stroke (14).

Other information about individuals, such as height,
weight, smoking status, drinking habit, use of antihyperten-
sive medication at baseline, history of heart disease, hyper-
cholesterolemia, or diabetes mellitus, was obtained from the
questionnaire sent to each household at the time of HBP mea-

surements, from records of annual health check-ups, and from
medical records at Ohasama Hospital. Subjects using lipid-
lowering drugs or those with serum cholesterol levels of
>5.68 mmol/L (220 mg/dL) were considered to have hyper-
cholesterolemia. Subjects with a fasting glucose level of >7.0
mmol/L (126 mg/dL) or a non-fasting glucose level of >11.1
mmol/L (200 mg/dL), or those using insulin or oral antihyper-
glycemic drugs, were defined as having diabetes mellitus. A
past history of cardiovascular disease included a history of
myocardial infarction, angina pectoris, atrial fibrillation, and
cardiac failure.

Data Analysis

The HBP values were averaged separately in individuals, e.g.,
the HBP value for an individual who measured his or her BP
for 20 d was the average of those 20 measurements. The CBP
of each subject was the average of the two consecutive CBP
readings taken at the beginning of the study.

The Cox proportional hazards model was used for examin-
ing the risk of a first stroke. The dependent variable was the
number of days from the measurement of the first HBP to the
event or to the censoring of survivors at the end of the study
period (December 31, 2001). The independent variables were
the risk-stratification groups in which the factors of age and
sex were included. The relative hazard (RH) is expressed rel-
ative to the reference group (RH=1). Separate models were
used for HBP classification and CBP classification after veri-
fication of the proportionality assumption for the Cox model.
We calculated the absolute risks for stroke or TIA incidence.
All data are shown as mean+SD unless otherwise stated. A p
value <0.05 (two-sided test) was accepted as indicative of
statistical significance. The SAS software package version
9.13 (SAS Institute, Cary, USA) was used for all statistical
analyses.

Results

The characteristics of the subjects are shown in Table 2. They
were followed up for a median of 9.4 years (interquartile 7.0—
12.4) with a maximum of 13.9 years. We obtained 174 inci-
dent cases of first stroke or TIA among the 2,368 individuals:
118 (67.8%) cerebral infarction, 35 (20.1%) intracerebral
hemorrhage, 12 (6.9%) subarachnoid hemorrhage, and 9
(5.2%) TIA.

Preliminarily, we analyzed the risk of a first onset of stroke
or TIA based on BP classification (Fig. 1). Cardiovascular
disease risk and drinking habit were used for adjustment of
the Cox model instead of risk stratification. This analysis
revealed statistically significant linear increases in the risk of
stroke or TIA for CBP-based (trend p=0.007) and HBP-
based (trend p<0.0001) classifications. The risk in high-nor-
mal subjects was significantly high according to the HBP-
based classification (RH 1.91; 95% confidence intervals [CI]
1.04-3.51), although it was not significantly high by the



Table 3. Absolute Risks in Each Categories
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Category definition Optimal Normal  High-normal Stage 1 HT Stage2 HT Stage 3 HT

Home blood pressure—based

First: no risk factors 1.4 4.5 6.3 4.5 N/A N/A

Second: 1-2 risk factors except DM 2.7 6.9 6.3 14.4 25.2 40.6

Third: >2 risk factors, DM, or PHCVD 6.0 2.4 14.1 20.9 18.9 27.4
Casual-screening blood pressure—based

First: no risk factors 0.9 4.0 5.1 4.9 5.6 N/A

Second: 1-2 risk factors except DM 3.7 7.6 9.1 10.2 18.5 19.8

Third: >2 risk factors, DM, or PHCVD 14.2 7.5 8.8 18.5 18.8 11.3

The risk indicates per 1,000 person-years. HT, hypertension; DM, diabetes mellitus; PHCVD, past history of cardiovascular disease;

N/A, not assessed since no event was observed.

CBP-based classification (RH 1.52; 95% CI 0.89-2.60).

Table 3 indicates the absolute risks that display stroke or
TIA incidence per 1,000 person-years. The absolute risk
increased with elevation of HBP as well as of CBP, and with
the elevation of classes based on the extent of cardiovascular
risks.

Mainly on the basis of the absolute risk table (Table 3) and
JSH 2004 guidelines, Fig. 2A shows the first stroke or TIA
risk for the 4 risk groups (No, Low, Moderate, and High) in
each CBP-based and HBP-based classification. Stroke or TIA
risk increased linearly with the increase in the stage of strati-
fied risk based on HBP as well as that based on CBP (both
trends p<0.0001). The stroke or TIA risk even in the Low
risk group was significantly higher than that in the No risk
group (HBP: RH 2.39, 95% CI 1.36-4.19; CBP: RH 2.35,
95% CI 1.35-4.10). The High risk group had a very signifi-
cant risk indeed, regardless of BP information (HBP: RH
5.32,95% CI 3.21-8.82; CBP: RH 4.12, 95% CI 2.45-6.91).
When we designated the Low group as a reference category in
the Cox model, the stroke or TIA risk in the Moderate group
was significantly higher for HBP (RH 1.71, 95% CI 1.10-
2.66); on the other hand, when the CBP classification was
used, the Moderate group was not significantly different from
the Low group (RH 1.51, 95% CI 0.98-2.32). The risk levels
between the Moderate and High groups were not significantly
different (both p>0.1). When both classifications were simul-
taneously included in the model, only the HBP classification
was significantly related with stroke or TIA risk (HBP classi-
fication: RH 1.61, 95% CI 1.30-2.01; CBP classification: RH
1.09, 95% CI 0.87-1.35).

‘When based on HBP, the risk of a first stroke or TIA in
third class (three or more risk factors, diabetes mellitus, or
past history of cardiovascular disease) individuals with high-
normal BP was significantly higher than for those with nor-
mal BP (RH 5.76, 95% CI 1.28-26.0), whereas there were no
significant differences when comparisons were based on CBP
(RH 1.17,95% CI 0.41-3.38). Modified risk classifications in
accordance with this result are shown in Fig. 2B; third-class
individuals with normal BP were assigned to the Moderate
group instead of the High group. The risk of stroke or TIA

was significantly separated into 4 groups when the HBP clas-
sification was used (all p<0.05). Although the separation
power was similar to that in the former analysis using the
CBP classification, the stroke or TIA risk in the High group
increased in the magnitude of relative hazard (RH 4.71, 95%
CI 2.76-8.06).

Second-class individuals with Stage 2 hypertension had
high stroke or TIA risks according to the absolute risk table;
therefore, we proposed further modification of the risk classi-
fications (Fig. 2C). The separation power between the Moder-
ate and High groups increased regardless of whether HBP or
CBP classification was used.

Discussion

In the current prospective cohort study, we have demon-
strated that BP classification based on HBP had a stronger
predictive power for stroke or TIA risk than that based on
CBP. To our knowledge, this is the first report to indicate that
individuals with high-normal HBP had a significantly higher
stroke or TIA risk than those with optimal HBP in a Japanese
population. We also showed that normal or high-normal BP
with cardiovascular risk factors was harmful to individuals
even when the assessment was based on CBP.

The stroke mortality rates in Eastern Europe, China, the
“Stroke Belt” in the southeastern United States, and Japan are
approximately 2 to 6 times higher than those in other Euro-
pean countries, the United States excluding the “Stroke Belt,”
and Canada (/5). Japanese mortality resulting from stroke is
3 times higher than that in the United States (/6). Such differ-
ences may be explained by differences in environmental and
genetic risk factors, and thus guidelines for treating hyperten-
sion would depend on the characteristics of each population.
Our results demonstrate that the JSH 2004 criteria are valu-
able for predicting stroke risk in the general Japanese popu-
lation. In the Hisayama study, a close stepwise relationship
was observed between BP and cardiovascular disease, partic-
ularly among hypertensive individuals (/7). The present
study revealed a significantly high stroke or TIA risk in indi-
viduals with high-normal BP relative to those with optimal
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BP when the assessment was based on HBP. Furthermore, on
the basis of risk stratification, significant risk increases were
observed regardless of BP information. In addition, normal
BP and high-normal BP individuals with high cardiovascular
risks (third class) had significantly different risk levels for
stroke or TIA when the assessment was based on HBP. Sev-
eral previous studies conducted in the Japanese population
also support the current results, even based on CBP (I8, 19).
It seems reasonable to suppose that we should assess both
hypertensives and non-hypertensives in the next version of
the Japanese BP guidelines, and that the importance of HBP
should be more heavily emphasized in the revised guidelines
for accurate evaluation of BP risks in individuals.

Individuals with optimal BP should not be overlooked if
they have high cardiovascular risks. In the current analysis,
we could not determine the statistical differences among car-
diovascular risk classes in subjects with optimal BP, since
there were insufficient numbers of subjects in these catego-
ries, which could have reduced the data’s predictive power.
However, in accordance with the absolute risk table, there
would be residual stroke or TIA risk for subjects with optimal
BP if they have high cardiovascular risk factors. Although
they might not be treated with antihypertensive medications,
they should be managed in relation to other risk factors, such
as diabetes mellitus. Nonpharmacologic interventions, such
as dietary approaches including a low-salt diet (20, 21), exer-
cise therapy (22), or smoking cessation, would also be useful
(23). We have shown only the most relevant stratification
tables among several possibilities, since space is limited.
However, in the European guidelines, a curved line on the
risk stratification table expresses a risk threshold for the rec-
ommendation of antihypertensive medication (4). Our results
are in complete agreement with that recommendation.
Accordingly, the point we wish to emphasize is that a robust
risk-stratification system should include these non-hyperten-
sive individuals.

In the present study, HBP was classified on the basis of the
percentage distribution of subjects according to the corre-
sponding ratio of CBP (e.g., 140/90 mmHg by CBP is approx-
imately equivalent to 135/85 by HBP). This classification was
reasonable, since stroke risk increased stepwise from optimal
to Stage 3 HT. We previously reported the superiority of HBP
in relation to recent American and European guidelines (/, 2).
Information on BP in relation to the time of day improves data
quality, as does an increased number of measurements. Fur-
thermore, HBP is usually measured under more controlled
conditions than CBP. The average of multiple values of HBP
obtained under controlled conditions provides individual BP
information without biases such as the white-coat effect,
regression dilution biases, and the time effect (24). HBP
should be emphasized in the revised guidelines for treatment
of high-normal and normotensive individuals as well as
hypertensive individuals. Accordingly, the widespread use of
HBP measurements would improve the health of the overall
population.
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In conclusion, we have demonstrated that HBP measure-
ments provide more useful prognostic information on stroke
and TTA than CBP measurement. HBP measurements are rec-
ommended to improve clinical decision-making, since their
prognostic significance was demonstrated in the present
study. Furthermore, CBP values also provide useful parame-
ters for a risk-stratification system. It is important to note that
the non-hypertensive population is heterogeneous and that a
risk-stratification system would be applicable to these indi-
viduals.
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