for sustained hypertension than WCH [7,30,33]. As, in
most medical settings, diagnosis and treatment of hyper-
tension are currently based mainly on office BP, it would
be practically more important, at least at present, to
clarify the cost-effectiveness of the introduction of
HBP measurement in office hypertensive patients than
in office normotensive subjects, including those with
MHT. We are conducting analyses to evaluate the
cost-effectiveness of the introduction of HBP measure-
ment in office normotensive patients. Second, we
assumed that the decision to treat is simply based on
the categorization of patients according to BP patterns.
Essentially, the decision to treat should not be based
simply on BP patterns but on total cardiovascular risk, as
indicated in the latest European Society of Hypertension/
FEuropean Society of Cardiology (ESH/ESC) guidelines
[3]; however, a simulation including parameters regarding
the degree of total cardiovascular risk in each individual
would be too complex for use of the Markov model.
Therefore, in the present study, we attempted to calcu-
late the cost-effectiveness of introduction of HBP
measurement from changes in patients’ status of BP
patterns only, using the Markov model. A previous study
has examined the cost-effectiveness of ambulatory BP
introduction using a similar mecthod [11]. Third, the
present study is based on the assumption that WCH
has a similarly lower risk as that of true normotensive
subjects over a 5-year period. Since no agreement exists
as to whether WCH is clinically innocent for more than
S years, it is uncertain whether the present findings could
be applicable to those assuming follow-up periods of
more than 5 years. Finally, in this analysis, the calcu-
lations used are based on currently available estimates for
the prevalence of WCH in recently detected hyperten-
sive groups, and costs for treatment of hypertension, in
Japan only. Therefore, it is unclear whether the results of
this analysis are applicable to other countrics. As we
assume thart the utlity of HBP measurement is evident,
this analysis is intended to demonstrate the usefulness of
HBP from an economic viewpoint.

Recently published guidelines for the management of
hypertension recognize the role of HBP for the detection
of WCH in the initial assessment of selected patients
[3,4,34]. For those found to have WCH, long-term sur-
veillance using HBP has been recommended [4]. As the
resules of this study, the introduction of HBP for hyper-
tension treatment would be a very effective method of
reducing costs of hypertension treatment and treatment
years for hypertension. Given its cost-effectiveness,
extensive application of HBP measurement in clinical
practice is expected.
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Original Article

Proposal of a Risk-Stratification System for the
Japanese Population Based on Blood Pressure Levels:
The Ohasama Study
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Daisaku YASUI?, Hirohito METOKI?, Ryusuke INOUEY, Masahiro KIKUYA?,
Junichiro HASHIMOTO"?, Haruhisa HOSHI®, Hiroshi SATOH"®, and Yutaka IMAI"®

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 moming within 1 h after awaking, after having rested for at least 2 min. The
subjects Included 2,368 Ohasama residents aged 235 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% Cl 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)

Key Words: home blood pressure, stroke, general population, Japanese Soclety of Hypertension Guidelines
for the Management of Hypertension (JSH 2004)
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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 guidclines 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-
Jjects who were not at home during the study nurses’ normal
working hours (n=1,057) and those hospitalized (n=166) or
incapacitated (m=94) were incligible. 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 moming or in the evening 23
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 Flec-
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
cach 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 Japanesc 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: HBP2> 165/
105, CBP2180/110 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 (/,
2). Briefly, HBP of 135/85 mmHg is equivalent to CBP of
140/90 mmHg according to several guidelines (3-5). To
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Table 1. Stratification of Risk to Quantify Prognosis
Category definition Optimal Normal High-normal Stage | 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  2180/110
HBP-based <115/75 115/75-124/79  125/80-134/84  135/85-149/94  150/95-164/104  2165/105

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

Table 2. Clinical Characteristics among Groups*

Variables Optimal Normal High-normal Stage | HT Stage 2 HT Stage 3 HT
Home blood pressure—based groups
Number of subjects 679 551 313 458 141 26
Age (years) 5274115 584+11.0 6131112 6471106 66.7+10.7 68.2+11.8
Men (%) 233 40.1 394 46.1 64.5 731
Body mass index (kg/m?) 227128 23.61£3.0 23.8%3.1 24.0%3.2 242433 242+47
Past history of CVD (%) 0.0 I | 0.6 1.1 0.7 0.0
Diabetes mellitus (%) | 9.4 9.4 122 13.5 15.4
Smoking (%) 12.8 225 19.3 214 29.8 423
Hypercholesterolemia (%) 19.3 29.8 31.8 30.1 333 30.8
Use of antihypertensive medication (%) 15 16.7 35.9 54.1 674 65.4
Home SBP (mmHg) 107.2+£56 1193%32 128.6+3.7 139.0£6.0 152.6x7.1 164.8%11.7
Home DBP (mmHg) 65.0+5.7 722148 76.9+5.5 82.8+7.1 89.7£93 97.0x11.6
Casual SBP (mmHg) 1199+14.6 127.6113.9 134.8+15.4 141.0£18.0 1457£17.0 15444235
Casual DBP (mmHg) 69.019.4 73.219.5 753103 79.7%11.6 B82.4+126 8621147
Casual-screening blood pressure-based groups

Number of subjects 508 544 531 521 137 37
Age (years) 55.0+11.4 58.2%11.6 602+12.0 62.5%£11.7 64.2+12.0 63.6113.3
Men (%) 27.6 36.0 42.6 43.2 50.4 56.8
Body mass index (kg/m’) 226+28  23.5+3.0  23.743.1 24032  24.143.1 244134
Past history of CVD (%) 0.7 0.4 08 0.8 0.0 27
Diabetes mellitus (%) 7.7 9.6 10.7 10.6 9.5 10.8
Smoking (%) 17.9 20.0 203 19.2 21.2 21.6
Hypercholesterolemia (%) 20.1 28.7 299 309 28.5 43.2
Use of antihypertensive medication (%) 12.5 244 29.6 443 52.6 514
Home SBP (mmHg) 113.6+11.7 121.6+12.6 1259+13.0 131.9%13.7 138.7%15.1 1424+14.7
Home DBP (mmHg) 69.1£86 737189  755+49.1 78.2+94  812+11.1 82.8+125
Casual SBP (mmHg) 110.0+69 1241235 133.8+40 1465164 1636193 186.1%15.2
Casual DBP (mmHg) 64.7+6.8 71.0%6.6 75.7£8.0 82.0+9.1 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-

221

tors were defined as follows: age 260 for men, age 265 for
women, body mass index (BMI) 225 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 (TTA) 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-
Jfidence intervals (CI) for classifications based on BP levels
are displayed. Criteria are shown in Table |. The optimal BP
calegory was Irealed 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; §3,
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 Tnsurance receipts,
and a questionnairc sent to cach 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, TTA, and their sub-
types were based on the system for the Classification of Cere-
brovascular Disease Il by the National Institute of
Neurological Disorders and Stroke (/4).

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
25.68 mmol/L (220 mg/dL) were considered to have hyper-
cholesterolemia. Subjects with a fasting glucose level of 27.0
mmol/L (126 mg/dL) or a non-fasting glucose level of 211.1
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 discase 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
scx were included. The relative hazard (RH) is expressed rel-
alive to the reference group (RH=1). Separate models were
used for HBP classification and CBP classification afier 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 othcrwise 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

222



Table 3. Absolute Risks in Each Categories

Asayama et al: Risk-Stratification System 319

Category definition Optimal Normal High-normal Stage ] 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 14.4 252 40.6

Third: >2 risk factors, DM, or PHCVD 6.0 24 14.1 209 189 274
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 3T 7.6 9.1 10.2 185 19.8

Third: >2 risk factors, DM, or PHCVD 14.2 1.5 8.8 18.5 18.8 113

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 clevation 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% C1 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% CT 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% C1 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% C1 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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Fig. 2. Risk of first stroke or TIA among 4 groups defined on the basis of risk stratification. Relative hazard (RH) and 95% con-
fidence intervals (CI) for classifications based on stratification of risk are displayed. Group definitions of A, B, and C are shown
in each upper panel and are fully described in the text. Risk factors were age 260 for men, age 2635 for women, body mass index
(BMI) 225 kg/m’, habitual smoking, and hypercholesterolemia. The No risk group was treated as the reference category. Solid
squares indicate the RH point and are sized in proportion to the number of events observed. HBP, home blood pressure; CBP,

casual-screening blood pressure; HT, hypertension; DM, diabetes mellitus: PHCVD, past history of cardiovascular disease;
Mod., moderate.
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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 (/8, 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 TIA 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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BACKGROUND

Self-measured blood pressure (BP) at home (HBP) has a stronger
predictive power for cardiovascular mortality and morbidity
than casual-screening BP (CBP). No studies have evaluated

the clinical significance of self-measured HBP for diagnosing
metabolic syndrome (MS). Eight scientific associations recently
defined MS for the Japanese population. However, this definition
remains controversial, especially with respect to the cutoff

value of waist circumference (WC) being higher in women than
inmen.

METHODS

The participants of this population-based survey were the

395 residents (=35 years of age) of Ohasama, a rural Japanese
community. They measured HBP and underwent the oral glucose
tolerance test between the years 2000 and 2006. We calculated the
optimal cutoff values of WC required to diagnose MS, and examined

Metabolic syndrome (MS) is a cluster of metabolic risk fac-
tors that increases morbidity and mortality due to cardiovas-
cular diseases (CVDs).!? The Third Report of the National
Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in
Adults (ATP III; 2001) defined and emphasized the impor-
tance of treatment for MS.3 In Asia, as well as in other coun-
tries, MS is becoming a considerable threat due to rapid dietary
and lifestyle changes. Therefore, the ATP III criteria have been
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the association of HBP with metabolic risk-factor clustering using
multivariate analyses.

RESULTS

Receiver operation characteristic analysis indicated that the optimal
WC cutoff values for identifying clusters of metabolic risk factors were
87 and 80 cm in men and women, respectively. Elevated HBP was
significantly associated with the clustering of metabolic risk factors
but CBP was not.

CONCLUSION

The appropriate WC cutoff value in the current MS criteria for
Japanese women would be 80 cm. We suggest that HBP would be
useful when considering a diagnosis of MS. The association between
MS determined using HBP and the prognosis of cardiovascular
diseases (CVDs) requires further investigation.

AmJ Hypertens 2008; 21:514-520 © 2008 American Journal of Hypertension, Ltd.

commonly applied in Asia while an obesity-related anthropo-
metric index in the criteria has been specifically designed for
the US. population. Eight scientific associations recently col-
laborated to find a suitable definition of MS for the Japanese
population. However, such a definition remains controversial.
The main issue is the higher cutoff value for female, than male
waist circumference (WC). Some Japanese cohort studies have
found that a lower female WC cutoff value in the Japanese MS
criteria is needed to discriminate individuals with metabolic
risk-factor clustering.”"1? In addition, health check-ups for
MS among those aged >40 years of age will begin in April 2008
as a national policy with the objective of preventing lifestyle-
related diseases. Conclusions gathered from additional evi-
dence generated by population-based cohort studies should
end the controversy.

Self-measured blood pressure (BP) at home (HBP) has a
stronger predictive power for cardiovascular mortality and
morbidity than casual-screening BP (CBP).M-14 Values of
HBP improve the accuracy of screening for hypertension and
for assessing BP control during treatment and encourage drug
compliance.!> Moreover, HBP measurements would provide
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— 227 —



Waist Cutoff and HBP to Define Metabolic Syndrome

a cost benefit to diagnosing and treating hypertension.'
However, no studies have yet attempted to improve the clinical
significance of MS using HBP information.

This study proposes appropriate WC cutoff values as
Japanese criteria for MS and evaluates the clinical significance
of HBP for diagnosing MS.

METHODS

Study population. This investigation is a part of a longitudinal
observational study of HBP measurements among Ohasama
residents that started in 1987. The socioeconomic and demo-
graphic characteristics of this region and full details of the
project have been described elsewhere.'® The study protocol
was approved by the Institutional Review Board of Tohoku
University School of Medicine, Sendai, Japan, and by the
Department of Health of the Ohasama Town Government.
Between 2000 and 2006, we attempted to contact all 4,809
individuals aged 35 years or over in four districts of Ohasama
town. Those who were absent during the normal working
hours of the study nurses (n = 1,298) and those hospitalized
(n = 192) or incapacitated (n = 120) were not eligible. Of the
remaining 3,199 residents, 2,181 (68%) provided written,
informed consent to participate in the HBP measurement pro-
gram. We excluded 68 individuals from the present analysis, as
their morning HBP values were the averages of less than three
readings (3 days). Of those, 397 volunteers (19%) participated
in the diabetes screening program including the oral glucose
tolerance test and measurement of WC. We excluded those
treated with antidiabetic agents (n = 2) from the present analy-
sis. The total number of participants statistically analyzed was
thus 395. The 395 individuals who participated in the diabetes
screening program were significantly older, had lower systolic
HBP levels, and comprised a lower proportion of men than
those who did not participate (n = 1786).

BP measurements. The participants measured HBP using a
semi-automatic device (HEM-747IC-N; Omron Healthcare,
Kyoto, Japan), which is based on the cuff-oscillometric
method!” that generates a digital display of both systolic
and diastolic BP values. Physicians and public health nurses
instructed the participants on how to use the device and record
HBP. The participants measured their own BP once in the
morning while seated within 1h after waking, and after 22 min
of rest and recorded the measurements for 4 weeks. Those
on antihypertensive drugs measured BP before the morning
dose. Although many participants measured BP at least twice
per occasion, we used the first value from each measurement
to exclude individual selection bias.'® We defined HBP as the
mean of all measurements.

During health check-ups held in Ohasama, nurses or
technicians consecutively measured the CBP of seated par-
ticipants twice using an automatic device (HEM-907, Omron
Healthcare, Kyoto, Japan) after at least 2 min of rest. The CBP
measurements were taken in the morning before the oral glu-
cose tolerance test. The CBP was the average of two consecu-
tive readings from each individual.

AMERICAN JOURNAL OF HYPERTENSION | VOLUME 21 NUMBER 5 | MAY 2008
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Both the HBP and CBP measuring devices used in this
study have been validated'”"!® and meet the criteria estab-
lished by the Association for the Advancement of Medical
Instrumentation.

Definition of metabolic risk-factor clustering. We first investi-
gated the association between obesity-related anthropometric
indices (WC or body mass index: BMI) and metabolic risk-factor
clustering. Metabolic risk-factor clustering was defined based on
the MS criteria for Japanese and of the ATP III, respectively.3"’
The Japanese-based criteria defined those with two or more of
the following as having multiple risk factors: (i) triglycerides
=150mg/dl (1.7mmol/l) and/or HDL cholesterol <40mg/dl
(1.03mmol/l) and/or taking antihyperlipidemic drugs, (ii) fast-
ing plasma glucose 2 110mg/dl (6.1 mmol/1), and/or previously
diagnosed with diabetes mellitus, (iii) CBP systolic 2130 mm Hg
and/or diastolic 285mmHg (in the CBP-based definition), or
HBP systolic 2125mm Hg and/or diastolic 280 mm Hg (in the
HBP-based definition) and/or taking antihypertensive drugs.

‘The ATP III-based criteria defined those with two or more
of the following as having multiple risk factors: (i) triglycerides
=150mg/dl, (ii) HDL cholesterol <40 mg/dl in men, <50 mg/dI
(1.29mmol/l) in women, (iii) fasting plasma glucose =110 mg/dl,
(iv) CBP systolic 2130 mm Hg and/or diastolic 285 mm Hg (in
the CBP-based definition), HBP systolic 2125 mm Hg and/or
diastolic 280 mm Hg (in the HBP-based definition). The HBP
criteria were established in accordance with 1999 WHO/ISH
guidelines’! and 2003 ESH/ESC guidelines®? based on the
Ohasama,'® PAMELA® and other cohort studies. In both
the Ohasama and PAMELA studies, the regression line ana-
lyzed by correlation between CBP and HBP indicated that
the HBP value corresponding to CBP 140/90mmHg was
~125/80 mm Hg. The guidelines thus defined the normal range
of HBP as <125/80 mm Hg.

We also investigated whether HBP is more useful in diag-
nosing MS than CBP. Metabolic risk-factor clustering was also
defined based on the MS criteria for Japanese or the ATP III,
respectively3* The Japanese-based criteria defined those with
high WC (defined according to the first analysis) and any one
of the following values as having multiple risk factors: (i) trig-
lycerides 2150 mg/dl and/or HDL cholesterol <40 mg/dl, and/
or taking antihyperlipidemic drugs, (ii) fasting plasma glucose
=110 mg/dl and/or previously diagnosed with diabetes melli-
tus. The ATP III-based criteria defined two or more of the fol-
lowing as having multiple risk factors: (i) high WC (defined
according to the first analysis), (i) triglycerides =150 mg/dl,
(iii) HDL cholesterol <40 mg/dl in men, <50 mg/dl in women,
(iv) fasting plasma glucose =110 mg/dl.

Statistical analysis. Data were analyzed using the Wilcoxon
rank-sum test and the y?-test. We extracted samples in the first
analysis using the Bootstrap method®* and calculated the areas
under receiver-operating characteristic curves (AUCs) by
logistic regression analysis, The odds ratios for risk-factor clus-
ters per 1 s5.d. increase in CBP or HBP were examined using the
logistic regression model adjusted for age and gender.
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All data are shown as means (s.d.) unless otherwise stated.
Statistical significance was established at P < 0.05 (two-tailed).
All statistical calculations were performed using the SAS
system (version 9.1, SAS Institute).

RESULTS

The mean number of HBP measurements was 25 (5). Table 1
shows the characteristics of the participants classified by
gender. The WC in men was significantly higher than that in
women.

Table 2 shows the prevalence of each metabolic risk factor.
According to the Japanese criteria, ~5% of the women had a
WC of >90cm, and the prevalence of MS among women was
only 1.4%. The frequency of men taking diuretics among those
prescribed with antihypertensive drugs tended to be higher
than that of women.

Table 3 shows the AUCs for identification of risk-factor clus-
tering when defined based on WC or BMI. Among men, BMI
tended to be associated with higher AUCs for the identification
of any two or more risk factors other than WC regardless of BP
information, whereas WC tended to have higher AUCs than
BMI among women regardless of BP information. However,
AUCs did not significantly differ between WC and BML When
based on Japanese criteria, the AUCs for identifying three risk
factors were distributed with wide 95% confidence intervals,
since only a few individuals (n = 4 in both genders) had all
three risk factors (data not shown).

Table 1| Characteristics of the study subjects

Men Women

(n=118) (n=277) ol
Age (years) 63685 634+9.1 0.8
Height (cm) 163.1+6.3 1500+ 6.1 <0.001
Weight (kg) 64.1+10.7 527+82 <0.001
BMI (kg/m?) 240+3.1 234431 0.07
WC (cm) 834+89 766189 <0.001
Hip circumference (cm) 934+56 925+6.4 0.2
CBP systolic (mm Hg) 136+18 132419 0.09
CBP diastolic (mm Hg) 79+ 11 77+13 0.2
HBP systolic (mm Hg) 135+16 125416 <0.001
HBP diastolic (mm Hg) 80+9 74+9 <0.001
Triglyceride (mg/dl) 1099+ 598 94.3 + 60.1 <0.001
HDL-C (mg/dl) 557+155 63.0+139 <0.001
FPG (mg/dl) 964+11.8 93.6+103 0.007
HbA, (%) 520+045 522+0.35 0.3
HOMA-IR 1.62+231 1.32+0.85 0.7
Antihypertensive drugs (%) 305 249 0.2
Antihyperlipidemic drugs (%) 09 6.1 0.02

BMI, body mass index; CBP, casual-screening blood pressure; FPG, fasting plasma
glucese; HBP, self-measured blood pressure at home; HDL-C, high-density lipoprotein
cholesterol; HOMA-IR, homeostasis model assessment-insulin resistance; WC, waist
circumference.
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Table 2 | Prevalence of each metabolicrisk factor

Riskfactors Men Women
Japanese criteria
WC 285 cm in men, 290 cm in women 458 54
CBP systolic 2130 mm Hg and/or diastolic 729 614

285mmHg and/or taking antihypertensive drugs

Triglyceride 2150 mg/dl and/or HDL-C <40mg/d| 22.0 18.1
and/or taking antihyperlipidemic drugs

FPG 2110mg/dl and/or diagnosed as DM 11.0 83
MS (Japanese criteria) 17.8 14
HBP systolic 2125 mmHg and/or diastolic 754 58.1
280 mm Hg and/or taking antihypertensive drugs

ATP Il criteria
WC 2102 cm in men, 288 cm in women 25 9.8
CBP systolic 2130 mmHg and/or diastolic 703 574
285mmHg
Triglyceride 2150 mg/dl 16.1 108
HDL-C <40mg/dlin men, <50 mg/dl in women 6.8 152
FPG 2110mg/dl 11.0 6.9
MS (ATP Ill criteria) 59 79
HBP systolic 2125 mm Hg and/or diastolic 712 5341
280mmHg

Taking diuretics among recipients of 129 b o

antihypertensive drugs

CBP, casual-screening blood pressure; FPG, fasting plasma glucose; HBP, self-measured
blood pressure at home; HDL-C, high-density lipoprotein cholesterol; MS, metabolic
syndrome; WC, waist circumference

Table 3 | AUCs for identification of the risk-factor clustering by
WC or BMI

AUC (95% confidence interval)

wc BMI

Japanese criteria (men)

CBP based 0.743 (0.636-0.850) 0.798 (0.699-0.886)

HBP based 0.749 (0.649-0.842) 0.798 (0.702-0.886)
ATP lll criteria (men)

CBP based 0.736(0.627-0.839)  0.798 (0.706-0.878)

HBP based 0.768 (0.657-0.860) 0.829 (0.740-0.905)
Japanese criteria (women)

CBP based 0.674 (0.603-0.748) 0.612(0.523-0.699)

HBP based 0.672 (0.597-0.750) 0.594 (0.511-0.683)
ATP lli criteria (women)

CBP based 0.685 (0.611-0.763) 0.682 (0.602-0.755)

HBP based 0.707 (0.631-0.779) 0.656 (0.573-0.732)

All values were adjusted by age.

ATP lll, The Third Report of the National Cholesterol Education Program Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults; AUC, areas
under the receiver operating characteristic curves; BMI, body mass index; CBP based,
BP information of the risk factors based on casual-screening blood pressure; HBP based,
BP information of the risk factors based on self-measured blood pressure at home; WC,
waist circurnference
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Table 4 | The optimal cutoff values of WC and BMI for
identification of the risk-factor clustering

Cutoffvalue Sensitivity Specificity

WC (men)
Japanese criteria based 87.0 0.625 0.750
ATP Il criteria based 86.5 0.690 0.742
WC (women)
Japanese criteria based 80.0 0.490 0.668
ATP Il criteria based 80.0 0.611 0.700
BMI (men)
Japanese criteria based 24.0 0.844 0.614
ATP Il criteria based 24.0 0.897 0618
BMI (women)
Japanese criteria based 24.0 0.529 0.633
ATP lll criteria based 250 0.519 0.731
We considered cutoff values yielding the maximal sensitivity plus specificity for
predicting the presence of multiple risk factors.
ATP lll, The Third Report of the National Cholesterol Education Program Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol In Adults; BMI, body

massindex; WC, waist circumference.

Japanese criteria
CBP systolic o 1.21 (0.86-1.68)
HBP systolic Al 1.86 (1.29-2.66)
CBP diastolic & 1.30 (0.82-1.84)
HBP diastolic ——— 1.97 (1.37-2.85)
. —
0 1 2 3 4
ATP Wl criteria
CBP systolic e 1.24 (0.91-1.68)
HBP systolic —— 1.68 (1.22-2.36)
CBP diastolic - V26 (0.88-178)
HBP diastolic e 1.86 (1.34-2.63)
0 1 2 3 4

Figure 1| Odds ratios (95% confidence interval) for presence of risk-factor
clustering per single standard deviation increase in CBP or HBP. CBP systolic
and HBP systolic were simultaneously included into the logistic regression
maodel. CBP diastolic and HBP diastalic were also simultaneously analyzed.
The horizontal axis shows odds ratios and dots show point estimates of odds
ratios. Bars across dots show 95% confidence intervals. Adjusted factors were
age and gender. CBP, casual-screening blood pressure; HBP, self-measured
blood pressure at home.

Table 4 shows the optimal cutoff values of WC and BMI
for identifying HBP-based risk-factor clustering. The bound-
ary values between the Japanese and ATP III criteria did not
significantly differ. The appropriate cutoffs were WC = 87cm
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Table 5 | Gender specific odds ratios (95% confidence interval)
for the presence of the risk-factor clustering per one standard
deviation increase in CBP or HBP

0Odds ratio (95% confidence interval)

Japanese criteria

Men

Women

CBP systolic 0.918(0.478-1.698) 1.461(0.967-2.222)
HBP systolic 2.450(1.330-4.884) 1.417(0.924-2.202)
CBP diastolic 0.921 (0.489-1.685) 1.591(1.033-2.499)
HBP diastolic 2.713(1.453-5.584) 1.492(0.973-2316)
ATP Ili criteria
CBP systolic 0.976(0.517-1.783) 1.431(0.995-2.071)
HBP systolic 2.171(1.199-4.203) 1.374(0.943-2.025)
CBP diastolic 1.041 (0.569-1.863) 1.402(0.960-2.072)
HBP diastolic 2221 (1.233-4.337) 1.566(1.073-2314)
All values were adjusted by age.
ATP I, The Third Report of the National Cholesterol Education Program Expert Panel on

Detection, Evaluation, and Treatment of High Bload Cholesterol in Adults; CBP, casual-
screening blood pressure; HBP, self-measured blood pressure at home.

for men, 280cm for women, and BMI =24 kg/m? for both
genders.

The odds ratios for the presence of risk-factor clustering
based on HBP were statistically significant (Figure 1), whereas
risk did not significantly increase when CBP was included in
risk-factor clustering. We identified significant interactions
between systolic CBP and systolic HBP (Japanese criteria, P =
0.04; ATP III criteria, P = 0.02). An analysis of these findings
by gender indicated that the association was stronger in men
than in women (Table 5).

We compared HBP readings over the first 3 days (3-day
HBP) with the total 25 (5) day HBP (total HBP). The mean
3-day HBP values were 138 + 18/82 + 10 and 129 + 18/76 +
10 mm Hg for men and women, respectively. The results of the
AUC:s for identification of the risk-factor clustering by WC or
BMI and the optimal cutoff values of WC and BMI for such
identification were almost identical (data not shown). The
odds ratios for the presence of risk-factor clustering per one
standard deviation increase in the 3-day HBP were lower than
in total HBP (data not shown).

DISCUSSION

We found that the differences between WC and BMI as a com-
ponent for a definition of MS were not statistically significant.
If BMI was used as an obesity-related anthropometric index
instead of WC, 24 kg/m? would be the optimal cutoff value. The
present findings suggest a lower WC cutoff value (80cm) for
Japanese women than the current value based on the Japanese
criteria for MS (90cm). We also found that elevated HBP was
associated with the clustering of metabolic risk factors.

The optimal cutoff values of WC based on the first analy-
sis were 87 cm for men and 80cm for women, and the latter
value considerably differs from the current Japanese crite-
rion of 90 cm. Ohkubo et al.® and Hara et al.% proposed cutoff
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values of 75¢m and 78 cm, respectively, for Japanese women
in relation to insulin resistance, and to metabolic risk-factor
clustering except WC. Miyawaki et al.” and Eguchi et al.® also
proposed cutoff values of 77 and 78 cm, respectively, in rela-
tion to visceral fat area. They both estimated visceral fat area
cutoff points by gender to identify clustering of other risk fac-
tors or atherosclerotic CVD, and then calculated WC cutoff
values corresponding to the visceral fat area cutoff points.
Thus, lowering the standard value of WC for women com-
pared to the current Japanese criteria for MS seems more
reliable.

We could not identify a significant difference between the
usefulness of WC and of BMI. Some studies have indicated that
WC is more appropriate than BMI for a diagnosis of MS.2526
Wildman et al. reported that WC in a Chinese population
added further CVD risk information to that of BMI and vice
versa.”’ However, reports addressing the predictive power of
WC for CVD are sparse, whereas BMI has a proven predictive
power for CVD and for coronary heart disease.?® The prognos-
tic value of WC remains to be investigated.

The optimal boundary value of BMI for diagnosing MS was
24kg/m? for both genders. This result would be reasonable
since the current standard of obesity in Japan is >25kg/m?2.2°
The cutoff WC value from the current study should also be
reasonable since WC and BMI were calculated using the same
analytical method.

Information about BP is necessary for a diagnosis of MS
since the clinical state of MS includes having high BP. Whether
CBP or HBP should be used to diagnose MS remains uncer-
tain. The incidence of CVD is higher among individuals with
MS than without MS.3%3! Since the BP information used in
these reports was based on CBP, MS based on CBP would be
a useful predictor of CVD. However, other investigators have
reported that HBP has stronger predictive power for CVD
morbidity and mortality than CBPRM1* The present study
revealed that HBP was more closely associated with cluster-
ing of metabolic risk factors than CBP. This association was
closer in men than in women. The prevalence of masked
hypertension (normal CBP and high HBP) was significantly
higher among men than in women (25 and 12% in men and
women, respectively; P < 0.01). We previously reported
that masked hypertension has a powerful prognostic value
for CVDs.3? Measuring HBP would be effective for detect-
ing masked hypertension among men. On the contrary, the
prevalence of white-coat hypertension (high CBP and normal
HBP) was significantly higher in women than in men (11 and
19% in men and women, respectively; P = 0.04). Ugajin et al.
reported that white-coat hypertension is a transitional cause
of sustained hypertension among Ohasama residents and sug-
gested that white-coat hypertension would carry a poor car-
diovascular prognosis.*® Therefore, HBP measurement would
be also important in women, as well as in men, for detecting
the development of sustained hypertension. However, these
unstable results with an extension of 95% confidence intervals
indicate that further analyses are needed to define gender spe-
cificities. In general, a diagnosis of MS based on HBP would
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be a more powerful predictor of CVD than that of MS based
on CBP. Although mass screening would be easier by measur-
ing CBP than HBP, an accurate evaluation of metabolic risks
using HBP would be necessary for therapeutic intervention.
Approximately 30 million devices for measuring HBP are used
in Japan,* and two thirds of treated hypertensive individu-
als in Italy and Greece are practicing HBP measurement.?>3¢
Therefore, mass screening by HBP measurement might be rea-
sonably straightforward at present. Although the association
between MS determined based on HBP and the prognosis of
CVDs requires further study, we nevertheless suggest using
HBP instead of CBP for diagnosing MS.

This study found that the Japanese and ATP III criteria were
similarly associated with HBP values when we used cutoff val-
ues of WC calculated in first analysis that were applicable to
the detection of MS risk-factor clustering. The ATP III criteria
would be globally useful in comparisons of the prevalence of
MS with that in other countries since they have been widely
applied in investigations of prevalence and risk factors for MS.
Further studies are required to clarify the appropriate cutoff
values of WC and the applicability of the ATP III criteria to the
Japanese population.

Among antihypertensive drugs, diuretics are associated
with an increase in blood glucose and incidence of diabe-
tes mellitus.’” In this study, the prevalence of diuretic use
was higher among men than women. This might influence
the prevalence of fasting plasma glucose 2110mg/dl and
MS (Japanese criteria). On the contrary, women were more
frequently prescribed with antihyperlipidemic drugs than
men in the present study. Generally, the serum lipid levels
of Japanese women increase after menopause and exceed
those of men. Thus, women >60 years of age are more often
on antihyperlipidemic drugs than men.?® Our results corre-
sponded with this fact, since many women in this study were
postmenopausal (63.4 + 9.1 years old).

The odds ratios for the presence of risk-factor clustering per
single standard deviation increase in 3-day HBP were lower
than those in total HBP. We previously reported that the pre-
dictive value of HBP progressively increases with the number
of measurements.?® Therefore, the utility of HBP as MS criteria
would likewise increase.

This study has some limitations. First, the participants are
residents of a rural community and whether these results can
be extrapolated to urban populations is debatable. The study
cohort was significantly older, had lower systolic HBP levels,
and comprised a lower proportion of men than nonpartici-
pants. Those with sufficient time and health concerns might
have been more likely to voluntarily participate. Moreover,
diabetes is screened on weekdays, which might lead to a lower
proportion of men. We included age and gender in the logistic
regression models as major confounding factors. However, the
possibility of selection bias needs to be considered when gen-
eralizing the present findings. Second, the number of partici-
pants was relatively small, so the frequency of having all risk
factors was very low. Finally, this study was cross-sectional, so
the cause-and-effect relationship was undetermined. A further
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prospective study is required to assess whether HBP predicts
the progression of MS and CVDs.

We concluded that the cutoff for WC among Japanese
women should be lower than the current value of 90cm.
When BMI is used as an obesity-related anthropometric index
instead of WC, the appropriate BMI cutoff for diagnosing MS
would be 24kg/m? Furthermore, HBP (systolic 2125 mm Hg
and/or diastolic >80 mm Hg) would be more valuable than
CBP for diagnosing MS,
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Masked Hypertension Determined by
Self-Measured Blood Pressure at Home and Chronic
Kidney Disease in the Japanese General Population:

The Ohasama Study

Hiroyuki TERAWAKI", Hirohito METOKI?Y, Masaaki NAKAYAMA",
Takayoshi OHKUBO**), Masahiro KIKUYA®, Kei ASAYAMA®®), Ryusuke INOUE?,
Haruhisa HOSHI?, Sadayoshi ITOY, and Yutaka IMAT®®

Both chronic kidney disease (CKD) and masked hypertension (MHT) are known to be linked with an
Iincreased risk of cardiovascular disease (CVD), but their relationship has remained unclear. The present
study aimed to evaluate the CKD incidence In individuals with MHT In the general Japanese population. We
recorded self-measured blood pressure at home (HBP) and casual blood pressure (CBP) in 1,365 individuals
(mean 63.0 years old; males, 32.5%; mean creatinine clearance [CCr], 60.9 mLimin; positive proteinuria,
6.7%) and classified the subjects into four groups: sustained normal blood pressure (SNBP, 60.3%), white-
coat hypertension (WCHT, 14.9%), MHT (12.8%), and sustained hypertension (SHT, 12.0%). Kidney parameter
results for the respective groups (SNBP, WCHT, MHT, and SHT) were as follows: 61.7 mL/min, 61.8 mL/min,
59.6 mL/min, and 57.3 mUmin for CCr, 4.2%, 8.9%, 10.3%, and 12.8% for the prevalence of positive pro-
teinuria, and 2.3%, 3.0%, 6.3%, and 9.8% for the proportion with CCr<60 mL/min with proteinuria. Compared
with the SNBP group, the MHT and SHT groups exhibited significant differences in these parameters
{p<0.05, for each). The adjusted odds ratios for CCr<60 mbL/min with proteinuria were significantly higher
in the MHT (2.56) and SHT (3.60) groups compared with the SNBP group (reference). MHT, like SHT, is
closely related to CKD, and HBP measurement could be a useful screening strategy to detect CKD In the
general population. (Hypertens Res 2008; 31: 2129-2135)

Key Words: masked hypertension, white-coat hypertension, chronic kidney disease, general population,
home blood pressure
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Introduction

Accumulative evidence has revealed that a decreased glo-
merular filtration rate (GFR) and the presence of proteinuria
are independent risk factors for death and/or cardiovascular
discase (CVD) events among general populations (/-3).
Thus, it is now recognized that chronic kidney disease (CKD)
(4) is an emerging new target for investigation from the view-
point of public health.

Hypertension, a classic risk factor for CVD events, can be
clinically classified into subgroups: sustained hypertension
(SHT), white-coat hypertension (WCHT), and masked hyper-
tension (MHT) (5), which is characterized by normal casual
blood pressure (CBP) and elevated home blood pressure
(HBP) or ambulatory blood pressure (BP) levels. Among the
subtypes, it has been revealed that patients with MHT are at a
high risk for CVD morbidity and mortality similar to that of
patients with SHT (6, 7). Accordingly, it is clinically impor-
tant to clarify the relationship between CKD and MHT in
terms of screening high-risk populations and targeting thera-
peutic levels of BP in CKD patients; however, little is known
regarding this issue.

The present cross-sectional study examined the CKD inci-
dence in subjects with MHT in the Japanese gencral popu-
lation.

Methods

Design

This study was a part of the Ohasama study, a longitudinal BP
measurement project initiated in 1986. The socio-cconomic
and demographic characteristics of this region and full details
of the project have been described previously (8). The study
was approved by the Institutional Review Board of Tohoku
University School of Medicine and the Department of Health
of the Ohasama Town Government.

Study Population

In Japan, annual health checkups are available for farmers,
the self-cmployed, retirees, and dependents aged 235 years,
Among the 7,496 residents of Ohasama, 3,076 were eligible
for annual health checkups in 1992. A total of 2,192 residents
participated in checkups from 1992 to 1997. Of the 2,192 par-
ticipants, 215 were excluded due to missing serum creatinine
levels, missing dipstick tests for spot-urine, and other con-
founding factors (age, gender, body mass index [BMI], cur-
rent smoking, diabetes mellitus, hypercholesterolemia,
antihypertensive treatment, and history of CVD). Participants
who were hospitalized, mentally ill, or bedridden were also
excluded (n=185). In addition, participants with less than 14
d of HBP measurements and participants with apparent hema-
turia were excluded from statistical evaluation (n=427).

Thus, 1,365 subjects comprised the study population, repre-
senting 62% of the residents participating in checkups.

BP Measurements

HBP was measured with the HEM701C (Omron Healthcare
Co. Lid., Kyoto, Japan), a semi-automatic device based on the
cuff-oscillometric method (9), which generates a digital dis-
play of both systolic and diastolic BP,

Physicians and public health nurses instructed individuals
on how to measure their own BP at home. Subjects were
asked to measure their BP every morning within 1 h of wak-
ing and again after having been in the sitting position for more
than 2 min. The results were recorded over a 4-week period.
Subjects receiving antihypertensive drugs measured their BP
before taking their medication. We allowed the individuals to
measure their own BP more than twice on each occasion,
although only the first measurement value on each occasion
was recorded on the worksheet, to exclude selection bias by
the participants (/0). The measurements taken each morning
were averaged, and the averaged values were referred to as
the HBP. These measurement procedures were in accordance
with Japanesc Society of Hypertension (JSH) Guidelines for
Self-Monitoring of Blood Pressure at Home published by the
Japanese Society of Hypertension (/0).

At the time of annual health checkup, a technician or a pub-
lic health nurse measured the CBP two consecutively times,
after the subject had been sitting for a minimum of 2 min,
using a semiautomatic device (USM-700F; UEDA Electronic
Works, Tokyo, Japan). CBP was measured during the day
from 10:00 to 13:00 h or 14:00 to 16:00 h. An average of the
2 CBP measurements was calculated, and the averaged values
were referred to as the CBP.

The algorisms of both the HBP measuring device and the
CBP measuring device have been validated previously (//)
and meet the criteria of the Association for the Advancement
of Medical Instrumentation (/2).

Categorization of Participants According to BP

Subjects were classified into four groups as follows: sustained
normal blood pressure (SNBP): HBP<135/85 mmHg,
CBP<140/90 mmHg; WCHT: HBP<135/85 mmHg,
CBP2140/90 mmHg; MHT: HBP2135/85 mmHg,
CBP<140/90 mmHg; and SHT: HBP2=135/85 mmHg,
CBP2140/90 mmHg. The cut-off values were derived from
scveral guidelines (/3—/6). In this study, the SNBP group was
composed of all subjects with normal BP, including those
with SNBP controlled by medication. The WCHT group
included subjects with uncontrolled BP when measured in the
medical setting and normal HBP. Conversely, the MHT group
included subjects with normal CBP but uncontrolled BP when
self-measured at home. The SHT group included subjects
with uncontrolled BP measured in the medical setting and at
home. These classifications are consistent with those used in
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Table 1. Characteristics of the Subjects Divided According to Their Home and Casual Blood Pressure Values

Variable Total SNBP WCHT MHT SHT
(n=1,365) (n=823) (n=203) (n=175) (n=164)
CCr (mL/min) 60.9 61.7 61.8 59.6*1 57.3%¢
Prevalence of proteinuria (%) 6.7 4.2 8.9 10.3* 12.8*
CCr<60 mL/min (%) 51.9 51.1 47.8 §7.71 56.8%1
With proteinuria (%) 7.3 23 30 6.3* 9.8%!
Without proteinuria (%) 44.6 48.8 448 514 47.0
CCrz60 mL/min (%) 48.1 48.9 52.2 42 3%t 43.2%1
With proteinuria (%) 5.6 1.9 5.9* 4.0 3.0
Without proteinuria (%) 425 46.9 46.3 38.3 40.2
Gender (% male) 325 25.5 31.0 48.6* 51.8%
Age (years) 63.0 61.4 63.7* 65.5% 67.7%
BMI (kg/m?*) 234 23.0 24.1* 24.0* 24.1*
CBP systolic (mmHg) 130 121 148* 127+t 153*
Diastolic (mmHg) 72 68 82* 71%t 83*
Pulse (mmHg) 58 53 66* 56t 70*
HBP systolic (mmHg) 124 117 123* 141*t 145%!
Diastolic (mmHg) 75 71 T3* 86+t g5*!
Pulse (mmHg) 49 46 50* 55+ 60*!
Current smoker (%) 12.5 10.7 12.8 143 18.9*%
Diabetes mellitus (%) 10.4 10.3 9.4 10.3 12.2
Hypercholestrolemia (%) 316 283 374 343 37.8
Hypertension on treatment (%) 31.0 16.9 41.9* 60.6* 56.7*
History of cardiovascular disease (%) 5.3 38 4.9 8.0 11.0*

*p<0.05 vs. SNBP group, 'p<0.05 vs. WCHT group (Tukey test). SNBP, sustained normal blood pressure; WCHT, white-coat hyperten-
sion; MHT, masked hypertension; SHT, sustained hypertension; CCr, creatinine clearance; BMI, body mass index; CBP, casual blood

pressure; HBP, home blood pressure.

previous studies (6, 7).

Background and Laboratory Data Collection

At the time of the annual health checkup, blood and urine
samples were collected. The following biochemical tests were
performed: creatinine, total cholesterol, glucose, and HbAlc.
Serum creatinine was measured using the Jaffe assay. Other
biochemical tests were measured with standard laboratory
techniques. GFR was calculated using the Cockeroft-Gault
formula as endogenous creatinine clearance (CCr) (/7). The
presence of proteinuria was diagnosed by a positive protein
screen as measured by a semi-quantitative dipstick test for
spot-urine (Urohemobonbix 5GO8C; Bayer Medical, Sendai,
Japan) for which a urinary protein level 230 mg/dL indicated
a positive result (/8).

Participants were questioned about their smoking habits,
medications for hypertension, and their history of CVD,
hypercholesterolemia, or diabetes mellitus. Subjects with a
history of hypercholesterolemia, defined as the presence of a
total cholesterol measurement 25.68 mmol/L (220 mg/dL) or
the use of medication for the treatment of hypercholester-
olemia were considered to have hypercholesterolemia. Sub-
Jjects with a history of diabetes mellitus, defined as a fasting
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glucose concentration 27.0 mmol/L (126 mg/dL), a non-fast-
ing glucose concentration 211.1 mmol/L (200 mg/dL), and
an HbA lc concentration 26.5% or the use of medication for
the treatment of diabetes were defined as having diabetes
mellitus. BMI was calculated as weight (kg) divided by height
squared (m?).

Data Analysis

SAS software, version 9.1 (SAS Institute, Cary, USA), was
used for all statistical analyses. Data are presented as
means+8D, unless otherwise specified. Values among the
four groups, including CKD markers, were compared by anal-
ysis of variance or y*-test. Analysis of covariance or a logistic
regression model was used to adjust for between-group differ-
ences in the following confounding factors: gender, age,
BMI, current smoking, diabetes mellitus, hypercholester-
olemia, antihypertensive treatment, and history of cardiovas-
cular disease. To quantify the magnitude of the correlation,
we used Pearson’s correlation coefficient (v). For all analyses,
a two-tailed p<0.05 was considered statistically significant.
The authors had full access to the data and take responsibility
for its integrity.



