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cardiovascular disease than controls, while a similar but weaker
trend was observed in women. The prevalence of diabetes was
higher in women with coronary heart disease and total cardio-
vascular disease than controls and a similar but non-significant
trend was observed in men. Mean values of total cholesterol was
lower in women with total and hemorrhagic strokes while that
of HDL-cholesterol was lower in men with ischemic stroke and
in women with coronary heart disease and total cardiovascular
disease than controls. The proportion of walking >0.5 h/day was
lower in men with total stroke and total cardiovascular disease
than controls. Mean values of body mass index, alcohol intake, n-3-
polyunsaturated fat intake and the proportion of sports >3 h/week
did not differ significantly between cases and controls for either
sex. Median values of hs-CRP levels were higher in men with coro-
nary heart disease than controls, and similar but weaker trend was
observed in women.

Table 2 shows sex-specific age- and community-matched, as
well as multivariable odds ratios (95% Cls) for mortality from car-
diovascular disease according to quartiles of and 1-SD increment
in log hs-CRP levels. For men, there was a dose-response relation-
ship between hs-CRP and mortality from total stroke, coronary
heart disease, and total cardiovascular disease. The adjustment for
cardiovascular risk factors did not cause any material change in
these associations. The multivariable odds ratios for the highest
vs. lowest quartiles of hs-CRP levels in men were 1.60 (0.90-2.85)

Table 3

for total stroke, 3.68 (1.02-13.3) for coronary heart disease, and
2.31 (1.49-3.59) for total cardiovascular disease. For women, there
were similar but weaker associations with hs-CRP levels, show-
ing corresponding multivariable odds ratios of 1.07 (0.58-1.97),
3.74(0.91-15.3), and 1.69 (1.06-2.68). The findings did not change
materially when men and women combined adjusting for sex. The
respective multivariable odds ratios were 1.21 (0.82-1.78), 3.01
(1.38-6.57), and 1.84 (1.36-2.50).

Table 3 presents the multivariable odd ratios of total cardio-
vascular disease according to quartiles of and 1-SD increment in
log hs-CRP levels stratified by sex, age, smoking status and median
body mass index. The associations between hs-CRP levels and
mortality from total cardiovascular disease did not vary signifi-
cantly between men and women (p for interaction=0.19), between
the 40-64 and 65-79-year age groups (p=0.25), between never-
smokers and ever-smokers (p=0.45) or, between for persons with
body mass index <22.6 kg/m? and those with the higher body mass
index (p for interaction=0.53).

4. Discussion

Our nested case-control study performed as part of a large
prospective study showed dose-response relationships between
hs-CRP levels with risks of mortality from total stroke, coronary
heart disease and total cardiovascular disease. These associa-

0Odds ratios of mortality from cardiovascular disease according to quartiles of serum hs-CRP levels, stratified by sex, age, smoking status and body mass index (BMI).

Quartiles of serum hs-CRP (mg/L)

pfortrend  OR for 1-SD increment p for interaction

of log hs-CRP
1 (low) 2 3 4 (high)

Serum hs-CRP

Median (mg/L) 0.16 0.28 0.56 173

Range (mg/L) 0.04-018  0.19-0.39 0.40-0.90 0.91-3.75
Men

No. of cases 86 94 118 186

No. of controls 120 121 122 121

Multivariable OR? 1.00 1.13(0.72-1.75) 1.26 (0.79-1.99) 2.31 (1.49-3.59) <0.001 1.36(1.17-1.58)
Women

No. of cases 99 112 113 131

No. of controls 114 114 112 115 :

Multivariable OR? 1.00 1.63 (1.07-2.51) 1.42 (0.91-2.23) 1.69 (1.06-2.68) 0.17 1.17 {1.00-1.36) 0.19
Ages 40-64

No. of cases 69 77 86 99

No. of controls 88 82 80 85

Multivariable OR? 1.00 1.10 (0.65~1.86) 1.28 (0.73-2.25) 1.38(0.79-2.45) 0.31 1.09 (0.90-1.31)
Ages 65-79

No. of cases 116 129 145 218

No. of controls 146 153 154 151

Multivariate OR? 1.00 1.36 (0.93-1.99) 1.34 (0.90-1.99) 2.10(1.43-3.10) <0.001 1.30(1.14~148) 0.25
Never-smokers

No. of cases 13 135 144 178

No. of controls 167 176 152 153

Multivariable OR? 1.00 1.19(0.79-1.79) 1.30 (0.82-2.06) 1.66 (1.06-2.60) 0.04 1.19(1.02-1.40)
Ex- and current smokers

No. of cases 48 56 75 114

No. of controls 52 47 66 64

Multivariate OR? 1.00 0.62 (0.17-2.18) 1.31(0.37-4.65) 1.37 (0.40-4.65) 040 142 (0.91-2.21) 0.45
BMI <22.6 kg/m?

No. of cases 101 95 103 149

No. of controls 141 120 102 84

Multivariable OR? 1.00 1.62 (0.80-3.29) 1.60 (0.76-3.40) 3.52(1.72-7.21) <0.001 140 (1.11-1.77)
BMI »22.6 kg/m?

No. of cases 62 96 112 151

No. of controls 82 105 120 139

Multivariable OR? 1.00 1.15 (0.58-2.26) 0.95 (0.45-2.03) 1.53(0.77-3.03) 0.17 1.33 (1.05-1.69) 0.53

# Adjusted for the same variables, except for stratified variables, as shown in the footnote of Table 2.
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tions were primarily observed for men, and the association with
mortality from total cardiovascular disease was also statistically
significant for women.

Median hs-CRP levels in Japanese populations are report-
edly low compared to those in Western countries [10-14]. Our
study found that median hs-CRP values for control subjects were
0.38 mg/L for men and 0.41 mg/L for women, which were much
lower than reported median values of 2,.0-3.0 mg/L for Caucasians,
Blacks and Hispanics [21,22]. Median CRP levels in the top quartile
in our study (1.5-1.8 mg/L) were close to those in the bottom tertile
in previous studies conducted in western countries (approximately
1.0mg/L) [1,2]. In western populations, individuals with hs-CRP
>3,0 mg/L were regarded as a high-risk group for cardiovascular dis-
ease since the risk for this group twice as high as for control [23]. A
recent clinical trial has demonstrated that rosuvastatin treatment
reduced hs-CRP levels by 37% and reduced the incidence of major
cardiovascular disease events by 44% for non-hyperlipidemic men
and women with hs-CRP >2.0 mg/L {24]. In our study, however, the
proportion of subjects with hs-CRP >3.0 mg/L was only 10% for men
and 9% for women, The respective proportion of hs-CRP 2.0 mg/L
was 16 and 13%. Thus, the clinical cut-off point is racially contin-
gent, Our study observed the 1,7- to 2.3-fold higher risk of mortality
from total cardiovascular disease for men and women with hs-CRP
>0.9 mg/L than for those with hs-CRP <0.2 mg/L. Our finding thus
supports the notion of CRP-cardiovascular disease association in
populations with low levels of CRP.

In spite of the low CRP levels, the magnitudes of the associa-
tions were similar to or even greater than those determined by
previous meta-analyses of prospective studies in western countries,
which reported a summary odds ratio (95% CI) for ischemic stroke
in top-vs.-bottom quartiles of CRP levels of 1.7 (1.4-2.0) [2] and for
coronary heart disease in top-vs.-bottom tertiles of 1.5 (1.3-1.7) [1].

We found that the association of hs-CRP levels with mortality
from total cardiovascular disease did not vary according to sex, age,
smoking status, or body mass index. Our study implies that CRP
is a predictor for mortality from cardiovascular disease even when
persons are lean.

The strengths of the present study were its prospective design
and the comprehensive nature of the cardiovascular surveys,
which allowed us to make adjustments for important potential
confounding variables such as body mass index, serum lipids,
smoking, ethanol intake, history of hypertension and diabetes as
well as matching for age and community for examination of CRP-
disease associations. The hs-CRP was measured with a standardized
method with satisfactory reliability and precision, which appears to
be make our findings comparable with those of other studies [19].
Furthermore, the large sample size of men and women enabled
us to examine the sex-specific impact of hs-CRP on cardiovascular
disease that was not achieved by previous Japanese cohort studies
[9-11].

However, our study also has several potential limitations. First,
approximately 35% of the total participants in population-based
health examination with high participant rates had provided blood
samples. There were, however, no apparent differences in age-
adjusted mean values or proportions of major cardiovascular risk
factors between the subjects who had and had not provided blood
samples [25]. Thus, the selection bias may be small for evaluation
of CRP-cardiovascular disease associations. Second, we used frozen
serum to estimate hs-CRP concentrations and did not examine long-
term changes in the stored serum samples. However, a previous
study confirmed that serum hs-CRP levels remained stable in serum
samples stored for up to 7 years at —70°C [26]. Third, we did not
have the information on administered CRP-lowering drugs such as
statins [24] as well as on actual blood pressure values and glucosy-
lated hemoglobin levels, The use of stains, however, was uncommon
in 1988-1990 at the baseline surveys. Fourth, we used the mortality

data, not incidence data as endpoints, which may lead to misclas-
sification in the diagnosis of stroke and coronary heart disease. As
for stroke, however, the widespread use of computed tomography
scans, even in Japanese local hospitals, since the 1980s has probably
made the death certificate diagnosis of stroke and its subtypes suf-
ficiently accurate [27]. Death certificate diagnosis of coronary heart
disease may be more problematic since one-fourth of the coronary
heart disease deaths appearing on the death certificates were con-
taminated [28,29]. The associations between hs-CRP and mortality
from total cardiovascular disease for both sexes were robust.

In conclusion, our study established that high hs-CRP levels were
associated with increased risk of mortality from cardiovascular dis-
ease for Japanese men and women whose CRP levels are much lower
than those seen in western populations.
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Study Objectives: To examine sex-specific associations between sleep
duration and mortality from cardiovascular disease and other causes.
Design: Cohort study.

Setting: Community-based study.

Participants: Atotal of 98,634 subjects (41,489 men and 57,145 women)
aged 40 to 79 years from 1988 to 1990 and were followed until 2003.
Interventions: N/A.

Measurements and Results: During a median follow-up of 14.3 years,
there were 1964 deaths (men and women: 1038 and 926) from stroke,
881 (508 and 373) from coronary heart disease, 4287 (2297 and 1990)
from cardiovascular disease, 5465 (3432 and 2033) from cancer, and
14,540 (8548 and 5992) from all causes. Compared with a sleep duration
of 7 hours, sleep duration of 4 hours or less was associated with increased
mortality from coronary heart disease for women and noncardiovascular
disease/noncancer and all causes in both sexes. The respective multi-
variable hazard ratios were 2.32 (1.19-4.50) for coronary heart disease
in women, 1.49 (1.02-2.18) and 1.47 (1.01-2.15) for noncardiovascular

disease/noncancer, and 1.29 (1.02-1.64) and 1.28 (1.03-1.60) for all
causes in men and women, respectively. Long sleep duration of 10 hours
or longer was associated with 1.5- to 2-fold increased mortality from to-
tal and ischemic stroke, total cardiovascular disease, noncardiovascular
disease/noncancer, and all causes for men and women, compared with
7 hours of sleep in both sexes. There was no association between sleep
duration and cancer mortality in either sex.

Conclusions: Both short and long sleep duration were associated with
increased mortality from cardiovascular disease, noncardiovascular
disease/noncancer, and all causes for both sexes, yielding a U-shaped
relationship with total mortality with a nadir at 7 hours of sleep.
Keywords: Sleep duration, coronary heart disease, mortality, prospec-
tive study
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inaba Y; Tamakoshi A. Association of sleep duration with mortafity from
cardiovascular disease and other causes for Japanese men and wom-
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PREVIOUS COHORT STUDIES HAVE DEMONSTRATED
THAT SHORT OR LONG SLEEP DURATION IS ASSOCI-
ATED WITH THE INCIDENCE OF OR MORTALITY FROM
cardiovascular disease,* as well as total mortality.'*¢ The Na-
tional Health and Nutrition Examination Survey I showed a
1.5-fold increase in the risk of stroke for persons with more
than 8 hours of sleep, compared with those with 6 to 8 hours
of sleep.! The Nurse’s Health Study also reported that, com-
pared with 8 hours of sleep, short or long sleep duration of 5 or
more hours or 9 or more hours was associated with an increased
incidence of coronary heart disease for women aged 40 to 65
years,? and, compared with 7 hours of sleep, long sleep duration
of 9 or more hours was associated with mortality from cardio-
vascular disease, noncardiovascular disease/noncancer, and all
causes, whereas short sleep duration of 5 hours or less was as-
sociated with mortality from all causes and noncardiovascular
disease for women aged 40 to 65 years.? The Whitehall II cohort
study found a U-shaped association between sleep duration and
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mortality from cardiovascular disease and noncardiovascular
disease and between sleep duration and all causes for men and
women aged 35 to 55 years.* An earlier report of our Japanese
cohort study® also showed a U-shaped relationship between
sleep duration and total mortality, but cause-specific analyses
were not carried out. Thus, the association between short or
long sleep duration and mortality from cardiovascular disease
and other causes for Japanese men and women has remained
unclear.

To examine the sex-specific associations of sleep duration
and mortality from stroke, coronary heart disease, and other
causes, as well as total mortality, we analyzed the extended
follow-up data from a large-scale prospective study of approxi-
mately 98,000 Japanese men and women.

METHODS
Study Population

The Japan Collaborative Cohort Study for Evaluation of Can-
cer Risk sponsored by Monbusho (JACC study) was conducted
from 1988 to 1990, when 110,792 subjects (46,465 men and
64,327 women) aged 40 to 79 years and living in 45 commu-
nities across Japan participated in municipal health-screening
examinations and completed self-administered questionnaires,
including lifestyle data and medical histories of previous cardio-
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vascular disease and cancer at baseline. The details of the study
procedure have been described previously.” In most communi-
ties, informed consent was obtained individually and directly
from members of the cohort, whereas, in several communities,
informed consent was obtained at the community level after the
purpose of the study and confidentiality of the data had been
explained to community leaders and mayors. Of the 110,792
cohort participants, data from 6782 (2613 men and 4169 wom-
en) were excluded because of missing information on sleep du-
ration, as were data from 5376 subjects (2363 men and 3013
women) who reported a history of cancer, stroke, or coronary
heart disease. Finally, a total of 41,489 men and 57,145 women
were included in the study.

Mortality Surveillance

For mortality surveillance in each of the communities, inves-
tigators conducted a systematic review of death certificates, all
of which had been forwarded to the public health center in the
area of residency. Mortality data were then centralized at the
Ministry of Health and Welfare, and the underlying causes of
death were coded for the National Vital Statistics according to
the International Classification of Diseases, 10th revision (ICD-
10). Therefore, all deaths that occurred in the cohort were ascer-
tained by death certificates from a public health center, except
for subjects who died after they had moved from their original
community, in which case the subject was treated as withdraw-
als from observation when they moved out. Cause-specific mor-
tality was determined separately in terms of cancer (C00-C97),
total cardiovascular disease (101-199), coronary heart disease
(120-125), and total stroke (160-169); noncardiovascular disease/
noncancer was listed as the cause of death when cardiovascular
disease and cancer were excluded. Stroke deaths were further
subdivided into intraparenchymal hemorrhage (I61), subarach-
noid hemorrhage (160), and ischemic stroke (163 and 1693). The
follow-up is believed to be complete and accurate as a result of
systematic examination of death certificates and residency sta-
tus. By December 31, 2003, except for 4 communities in which
follow-up was terminated at the end of 1999, 14,540 subjects
were treated as withdrawals from observation when they died,
and 4188 subjects were treated as withdrawals from observa-
tion when they moved out of the study community. The median
follow-up period for the participants was 14.3 years. This study
was approved by the ethics committees of the Nagoya Univer-
sity School of Medicine and the University of Tsukuba.

Baseline Survey

The baseline data were collected by means of a self-admin-
istered questionnaire, which included sleep duration; demo-
graphic characteristics; and histories of hypertension, diabetes
mellitus, and other chronic diseases, as well as habits related to
smoking, alcohol consumption, diet, and exercise. We obtained
information about the average sleep duration on weekdays dur-
ing the preceding year. The average sleep duration per day was
classified into 7 categories: less than 4.5 hours ( < 4 hours); 5,
6,7, 8, and 9 hours; and equal to or longer than 9.5 hours (=
10 hours). Fractions hours were rounded off (eg, 7 hours repre-
sented responses from 6.5 to 7.4 hours). Depressive symptom
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was assessed by using 4 psychological or behavior items®: (1)
Do you think that your life is meaningful? (2) Do you think
that you make decisions quickly? (3) Are you enjoying your
life? (4) Do you feel that others rely very much on you? These
4 items were then combined into an overall index of depres-
sive symptoms. Questions with positive/neutral or negative re-
sponses were scored as 0 or 1, respectively. Thus, the overall
index of depressive symptoms had a possible range from 0 to
4 (Cronbach a coefficient of 0.52), and subjects were grouped
according to whether they had no symptoms, 1 symptom, or 2
or more symptoms. The reproducibility and validity for dietary
intake have been reported elsewhere.?

Statistical Analysis

Statistical analyses were based on sex-specific mortality
rates of disease outcomes and all cause during the follow-up
period from 1988-1990 to 2003 (to 1999 for 4 communities).
The person-years of follow-up were calculated from the date
of filling out the baseline questionnaire to death, moving out of
the community, or the end of follow-up, whichever came first.
Sex-specific age-adjusted mean values and prevalence of car-
diovascular risk factors were calculated. The sex-specific haz-
ard ratios with 95% confidence interval (CI) of mortality from
disease outcomes and all causes were calculated with reference
to the risk for 7 hours of sleep. These estimates were adjusted
for age and other potential confounding factors by means of
the Cox proportional hazards model. The other potential con-
founding factors were history of hypertension, history of dia-
betes, body mass index (sex-specific quintiles), smoking status
(never, exsmoker, current smoker of 1-19, and current smoker
of > 20 cigarettes per day), alcohol consumption (nondrinker,
exdrinker, current drinker 0£0.1-22.9, 23.0-45.9, 46.0-68.9, and
> 69.0 g ethanol per day), hours of exercise (almost never and
1-2, 3-4, and > 5 hours per week), hours of walking (almost
never and 0.5, 0.6-0.9, and > | hours per day), perceived mental
stress (low, moderate, and high), depressive symptoms (0, 1,
and > 2 symptoms), education level (<13, 13-15, 16-18, and >
19 years), regular employment or not, fresh fish intake (almost
never, 1 to 2 days a month, 1 to 2 days a week, 3 to 4 days a
week, and almost every day). SAS (SAS, Inc., Cary, NC)(ver-
sion 9.13) was used for all statistical analyses.

RESULTS

After a follow-up of 1,270,585 person-years, the deaths of
1964 (men and women: 1038 and 926) from stroke, 881 (508
and 373) from coronary heart disease, 4287 (2297 and 1990)
from total cardiovascular disease, 5465 (3432 and 2033) from
cancer, and 14,540 (8548 and 5992) from all causes had been
documented.

Table 1 shows sex-specific age-adjusted mean values or
prevalence of risk characteristics at baseline by sleep-duration
category. The respective percentages of <4, 5,6, 7, 8,9, and >
10 hours of sleep were 1%, 3%, 13%, 32%, 39%, 8%, and 4%,
respectively, for men and 1%, 5%, 20%, 38%, 29%, 5%, and
2%, respectively, for women. Compared with 7 hours of sleep,
short or long sleep duration tended to be associated with older
age and more depressive symptoms for both men and women.
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Tablel-—Sex-Specific, Age-Adjusted Mean Values or Prevalence of Cardiovascular Risk Factors at Baseline by Sleep Duration
Sleep duration, h/day
<4 5 6 7 8 9 >10
Men
No. at risk 215 1142 5513 13423 16042 3491 1663
Age,y 60.1 58.6 56.1 55.1 573 60.2 64.4
BMI, kg/m? 22.3 227 229 22.6 22.6 22.4 22.5
Overweight 18.9 21.9 22.0 17.8 17.5 17.2 18.6
History of hypertension 27.0 24.8 204 194 19.9 21.5 22.9
History of diabetes 13.4 7.8 7.5 6.5 6.3 6.1 7.1
Ethanol intake, g/day 419 36.7 334 32.1 349 374 40.1
Current smoker 473 45.8 503 53.5 55.5 56.8 587
College or higher education 12.1 17.5 20.1 19.8 16.2 12.4 11.1
High perceived mental stress 379 37.7 314 23.6 19.3 20.3 20.8
2 or more depressive symptoms 145 9.2 6.1 45 52 73 10.0
Exetcise > 5 h/wk 9.5 7.5 6.8 6.7 7.2 8.8 7.8
Walking > 1 h/day 424 45.8 46.5 49.3 51.3 53.0 513
Regular employment 60.7 73.1 76.7 77.8 76.6 72.9 68.8
Fresh fish intake, no./wk 6.4 6.8 6.7 6.8 7.1 7.1 74
Women .
No. at risk 430 2699 11668 21501 16643 2935 1269
Age,y 62.8 58.5 55.6 554 59.0 63.0 67.5
BMI, kg/m? 22.8 22.8 22.9 22.8 23.0 23.1 232
Overweight 21.0 231 22.4 215 23.6 252 267
History of hypertension 229 23.6 22.1 222 22.8 22.0 23.9
History of diabetes 2.8 5.0 39 35 3.9 4.0 4.4
Ethanol intake, g/day 12.9 13.0 10.1 9.5 11.1 12.2 13.4
Current smoker 7.8 8.5 5.7 4.7 53 4.9 79
College or higher education 9.7 114 11.5 10.4 9.0 7.0 7.1
High perceived mental stress 36.8 30.7 246 19.2 16.7 16.6 194
2 or more depressive symptoms 171 10.1 74 7.0 7.8 10.6 19.1
Exercise > 5 h/wk 43 52 4.4 4.3 5.1 4.4 43
Walking > | h/day 50.4 49.7 51.7 51.9 52.0 53.0 44.6
Regular employment 325 337 34.8 34.1 31.6 294 311
Fresh fish intake, no./wk 6.0 6.7 6.9 71 7.3 7.2 7.2
Data are presented as percentage, except age, body mass index (BMI), ethanol intake, and fresh fish intake, which are presented as mean.

Men and women with short sleep duration were more likely
to have high perceived mental stress, whereas those with long
sleep duration were less educated.

Tables 2 show sex-specific, age-adjusted, and multivariable
hazard ratios of total stroke, stroke subtypes, coronary heart
disease, total cardiovascular disease, cancer, noncardiovascular
disease/noncancer, and all causes by sleep duration. Increased
risks of age-adjusted mortality from total and ischemic strokes
and total cardiovascular disease, cancer, noncardiovascular dis-
ease/noncancer, and all causes were observed among men and
women with 10 or more hours of sleep, compared with those
with 7 hours of sleep. These associations, except for mortal-
ity from cancer, were slightly weaker but remained statistically
significant after adjustment for cardiovascular risk factors and
depressive symptoms, The respective multivariable hazard ra-
tios (95% CI) of mortality from total and ischemic strokes, total
cardiovascular disease, noncardiovascular disease/noncancer,
and all causes for long sleepers were 1.66 (1.31-2.08), 1.58
(1.19-2.12), 1.56 (1.33-1.83), 1.66 (1.44-1.91), and 1.41 (1.29-
1.54), respectively, for men, and 1.69 (1.29-2.20), 2.37 (1.70-
3.32), 1.54 (1.28-1.86), 1.99 (1.65-2.39), and 1.56 (1.40-1.75),
respectively, for women.
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There was an increased risk of mortality from coronary
heart disease for women with 4 or fewer hours and 5 hours of
sleep, compared with those with 7 hours of sleep. The respec-
tive multivariable hazard ratios (95% CI) for those with 4 or
fewer hours and 5 hours of sleep were 2.32 (1.19-4.50) and 1.64
(1.07-2.53). Short sleep of 4 or fewer hours for men tended to
be associated with an increased risk of mortality from hemor-
thagic stroke, although this association did not reach statistical
significance (hazard ratio = 2.15, 95% CI: 0.78-5.89, P = 0.14).
When stratified by alcohol-consumption status, the multivari-
able hazard ratios of mortality from hemorrhagic stroke for
male short sleepers ( < 4 and 5 hours of sleep) were 2.03 (1.01-
4.08) for current drinkers and 1.33 (0.38-4.66) for exdrinkers or
never drinkers. After further adjustment for individual quantity
of alcohol consumption as a continuous variable, the multivari-
able hazard ratio for male short sleepers was 1.92 (95% CIL:
0.96-3.86, P = 0.07). Also, short sleep duration or 4 or fewer
hours was associated with increased risk of mortality from non-
cardiovascular disease/noncancer for both men and women; the
multivariable hazard ratios were 1.49 (1.02-2.18) for men and
1.47 (1.01-2.15) for women.
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Table 2—Sex-Specific Hazard Ratios and 95% Confidence Intervals for Mortality from Cardiovascular Disease and Other Causes by Sleep
Duration

Sleep duration (h/day)

<4 5 6 7 8 9 210
Men
Person-years 2501 14176 69125 173026 204761 43152 18724
Total stroke
No. 10 28 105 244 413 126 112
Age-adjusted HR (95%CT) 1.62 (0.86-3.06)  0.95 (0.64-1.40)  0.96 (0.76-1.21) 1.00 1.15(0.98-1.35)  1.25(1.00-1.55) 1.90(1.51-2.38)
Multivariable HR (95%CT) 1.56 (0.82-2.94) 0.85(0.58-1.26)  0.95 (0.76-1.20) 1.00 1.11 (0.95-1.30) 1.14 (0.92-1.42) 1.66 (1.31-2.08)
Hemorrhagic stroke
No. 4 11 40 82 145 31 26
Age-adjusted HR (95%CI) 2.45(0.90-6.70)  1.29 (0.69-2.43) 1.14 (0.78-1.67) 1.00 1.30(0.99-1.71) 1.10(0.73-1.67) 1.73 (1.10-2.70)
Multivariable HR (95%CI) 2.15 (0.78-5.89)  1.20 (0.64-2.26) 1.13(0.77-1.65) 1.00 1.27(0.97-1.66) 1.01 (0.66-1.53) 1.56 (0.99-2.45)
Ischemic stroke
No. 5 15 50 143 235 85 74
Age-adjusted HR (95%CT) 1.18 (0.48-2.87) 0.78 (0.46-1.34)  0.75 (0.55-1.04) 1.00 1.07 (0.87-1.31) 1.29(0.98-1.69) 1.84 (1.39-2.45)
Multivariable HR (95%CI) 1.28 (0.52-3.15) 0.70(0.41-1.20) 0.76 (0.55-1.04) .00 1.02 (0.83-1.26) 1.18(0.90-1.55) 1.58(1.19-2.12)
Coronary heart disease
No. 1 17 53 140 206 54 37
Age-adjusted HR (95%CI) 0.31 (0.04-2.18) 1.05(0.64-1.75) 0.86(0.63-1.18) 1.00 1.02 (0.83-1.27)  0.99(0.72-1.35) 1.19(0.82-1.72)
Multivariable HR (95%CT) 0.29 (0.04-2.05) 1.02 (0.62-1.70)  0.86 (0.63-1.19) 1.00 1.02 (0.82-1.27)  0.96 (0.70-1.31) 1.12(0.77-1.63)
Total cardiovascular disease
No. 16 70 248 548 913 274 228
Age-adjusted HR (95%CI) 1.17(0.71-1.92)  1.06 (0.83-1.36) 1.01 (0.87-1.18) 1.00 1.14 (1.02-1.26)  1.22 (1.05-1.41)  1.74 (1.48-2.03)
Multivariable HR (95%CI) 1.11 (0.67-1.83) 0.99¢0.77-1.27) 1.01 (0.87-1.18) 1.00 1.11 (1.00-1.24)  1.14 (0.99-1.32)  1.56 (1.33-1.83)
Cancer
No. 26 91 413 940 1361 385 216
Age-adjusted HR (95%CT) 1.31 (0.89-1.94) 0.90(0.72-1.12) 1.02 (0.91-1.14) 1.00 1.04 (0.96-1.13) 1.13(1.01-1.28) 1.17(1.00-1.35)
Multivariable HR (95%CT) 1,24 (0.84-1.83) 0.90(0.72-1.12) 1.03 (0.92-1.16) 1.00 1.02 (0.94-1.11)  1.07 (0.95-1.21) 1.10(0.94-1.27)
Noncardiovascular/noncancer
No. 28 104 359 660 1040 342 286
Age-adjusted HR (95%CI) 1.76 (1.20-2.57)  1.34 (1.09-1.65) 1.23(1.08-1.39) 1.00 1.09 (0.99-1.20) 1.30(1.14-1.48) 1.89(1.64-2.17)
Multivariable HR (95%CI) 1.49 (1.02-2.18) 1.20(0.97-1.48) 1.20(1.06-1.37) 1.00 1.06 (0.96-1.17) 1.20(1.05-1.37) 1.66 (1.44-1.91)
All causes
No. 70 265 1020 2148 3314 1001 730
Age-adjusted HR (95%CI) 1.42(1.12-1.80) 1.08 (0.95-1.23) 1.08 (1.00-1.16) 1.00 1.08 (1.02-1.14)  1.21 (1.12-1.30) 1.56 (1.43-1.69)
Multivariable HR (95%CI) 1.29(1.02-1.64) 1.02(0.90-1.16) 1.08 (1.00-1.16) 1.00 1.06 (1.00-1.12)  1.13(1.05-1.22) 1.41(1.29-1.54)
Women
Person-years 5183 34039 151458 284289 217774 37576 14801
Total stroke
No. 12 46 125 228 339 96 80
Age-adjusted HR (95%CT) 1.15 (0.64-2.05)  1.05(0.77-1.45)  0.95 (0.76-1.18) 1.00 1.28 (1.08-1.51) 1.35(1.06-1.71)  1.87 (1.44-2.43)
Multivariable HR (95%CI) 1.07 (0.59-1.91)  0.99(0.72-1.37)  0.93 (0.75-1.16) 1.00 1.24 (1.05-1.47) 129 (1.01-1.64) 1.69 (1.29-2.20)
Hemorrhagic stroke
No. 3 19 54 115 142 33 13
Age-adjusted HR (95%CI) 0.74 (0.24-2.35)  1.01 (0.62-1.64) 0.84 (0.61-1.17) 1.00 L19(0.93-1.52) 1.16(0.78-1.71) 0.84 (0.47-1.50)
Multivariable HR (95%CI) 0.68 (0.22-2.15) 0.93 (0.57-1.52) 0.82 (0.60-1.14) 1.00 1.17(0.91-1.51) 1.16 (0.78-1.72)  0.78 (0.43-1.40)
Ischemic stroke
No. 9 27 62 94 159 52 61
Age-adjusted HR (95%CI) 1.67 (0.84-3.32) 1.31(0.86-2.02) 1.10(0.80-1.51) 1.00 1.33(1.03-1.72) 1.48(1.05-2.09) 2.68 (1.92-3.73)
Multivariable HR (95%CI) 1.57 (0.79-3.13) 1.26 (0.82-1.94) 1.10(0.79-1.51) 1.00 1.29 (1.00-1.67) 1.38 (0.98-1.95) 2.37(1.70-3.32)
Coronary heart disease
No. 10 28 60 83 127 45 20
Age-adjusted HR (95%CI) 2.40(1.24-4.64) 1.68 (1.09-2.58) 1.24 (0.89-1.72) 1.00 1.27 (0.96-1.67)  1.61 (1.11-2.32)  1.16 (0.70-1.50)
Multivariable HR (95%CI) 2.32(1.19-450) 1.64 (1.07-2.53) 1.23(0.88-1.72) 1.00 1.24 (0.94-1.64) 1.52(1.05-2.19) 1.04 (0.63-1.72)
Total cardiovascular disease
No. 30 117 275 470 725 217 156
Age-adjusted HR (95%CI) 1.34 (0.93-1.95) 1.28 (1.04-1.56) 1.01 (0.87-1.17) 1.00 1.31(1.16-1.47) 1.43(1.22-1.69) 1.70 (1.41-2.04)
Multivariable HR (95%CI) 1.28 (0.88-1.86) 1.22(1.00-1.50) 1.00(0.86-1.16) 1.00 1.28 (1.14-1.44) 1.37(1.17-1.62) 1.54 (1.28-1.86)
Cancer
No. 24 113 333 672 638 156 97
Age-adjusted HR (95%CI) 1.16 (0.77-1.75)  1.10(0.90-1.34)  0.90(0.79-1.03) 1.00 0.97 (0.87-1.08) 1.05(0.88-1.25) 1.28(1.03-1.59)
Multivariable HR (95%CI) 1.14(0.76-1.72) 1.07 (0.87-1.31)  0.90(0.79-1.03) 1.00 0.95 (0.85-1.06) 1.01 (0.85-1.21) 1.20(0.97-1.50)
Noncardiovascular/noncancer
No. 29 92 314 446 676 224 161
Age-adjusted HR (95%CI) 1.56 (1.07-2.28) 1.15(0.91-1.43) 1.35(1.17-1.56) 1.00 1.35(1.20-1.52) 1.72 (1.46-2.02) 2.16 (1.79-2.60)
Multivariable HR (95%CI) 1.47(1.01-2.15) 1.07 (0.85-1.34) 1.34 (1.16-1.54) 1.00 1.33 (1.18-1.50)  1.65 (1.40-1.94) 1.99 (1.65-2.39)
All causes
No. 83 322 949 1588 2039 597 414
Age-adjusted HR (95%CI) 1.34 (1.08-1.67) 1.17(1.03-1.32) 1.06 (0.98-1.15) 1.00 1.18(1.10-1.26) 137 (1.25-1.51) 1.70(1.52-1.90)
Multivariable HR (95%CI) 1.28(1.03-1.60) 1.11(0.98-1.25) 1.05(0.97-1.14) 1.00 1.16 (1.08-1.24)  1.32(1.20-1.45) 1.56 (1.40-1.75)

Multivariable adjustment: age, body mass index (quintiles), history of hypertension, history of diabetes, alcohol consumption, smoking, education level, hours of exercise, hours of
walking, regular employment, perceived mental stress, depressive symptoms and frequency of fresh fish intake. HR refers to hazard ratio; CI, confidence interval.

As for total cardiovascular disease for women and noncar- tality, with a nadir at 7 hours of sleep. These associations were
diovascular disease and all causes for men and women, there  essentially unchanged when we excluded subjects whose events
was a U-shaped relationship between sleep duration and mor-  occurred within 5 years after baseline. Compared with women
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who slept for 7 hours, the multivariable hazard ratios (95%
CI) of mortality from total cardiovascular disease were 1.41
(0.94-2.12) for 4 hours or less, 1.24 (0.99-1.57) for 5 hours,
1.04 (0.88-1.23) for 6 hours, 1.29 (1.13-1.47) for 8 hours, 1.35
(1.12-1.62) for 9 hours, and 1.51 (1.21-1.87) for 10 hours or
longer. The respective multivariable hazard ratios of mortality
from noncardiovascular disease/noncancer were 1.65 (1.08-
2.52), 1.32 (1.05-1.66), 1.26 (1.09-1.45), 1.08 (0.97-1.21), 1.19
(1.03-1.39) and 1.66 (1.40-1.95), respectively, for men, and
1.43 (0.94-2.18), 1.03 (0.80-1.33), 1.35 (1.16-1.58), 1.34 (1.18-
1.53), 1.58 (1.32-1.90), and 1.83 (1.48-2.26), respectively, for
women. Furthermore, the respective hazard ratios of mortality
from all causes were 1.27 (0.96-1.68), 1.06 0.91-1.22), 1.07
(0.98-1.17), 1.04 (0.98-1.11), 1.11 (1.01-1.21) and 1.37 (1.24-
1.52) for men, and 1.26 (0.98-1.62), 1.08 (0.95-1.24), 1.04
(0.95-1.14), 1.13 (1.05-1.22), 1.27 (1.14-1.42), and 1.46 (1.29-
1.67) for women.

DISCUSSION

In this large-scale prospective study of Japanese men and
women aged 40 to 79 years, we confirmed that, compared with
7 hours of sleep, short sleep duration of 4 hours or less was as-
sociated with a 2-fold increase in mortality from coronary heart
disease for women and a 1.5-fold increase in mortality from
noncardiovascular disease/noncancer and a 1.3-fold increase in
total mortality for both men and women, whereas long sleep
duration { = 10 hours) was associated with a 1.5- to 2-fold
increase in mortality from total stroke, ischemic stroke, total
cardiovascular disease, noncardiovascular disease/noncancer
and all causes for both men and women. There was a robust U-
shaped relationship between sleep duration and mortality from
all causes, with a nadir at 7 hours of sleep in both sexes, which
extended the evidence of the earlier report,’ based on the ap-
proximately 30% larger number of deaths.

To the best of our knowledge, ours is the first study to pro-
vide evidence of the association of short sleep duration with
an increase in mortality from coronary heart disease for Asian
women, Previous studies of Americans or Europeans support our
findings. The Nurses’ Health Study of 71,617 women aged 40
to 65 years reported that, compared with 8 hours of sleep, short
sleep duration of 5 hours or less was associated with a 1.4-fold
increase in risk of coronary heart disease.? The MONICA/KORA
Augsburg Cohort Study of 3508 men and 3388 women aged 45
to 74 years showed that the risk of myocardial infarction was ap-
proximately 3 times higher for women with 5 or fewer hours of
sleep, compared with 8 hours of sleep, but such an increase in risk
was not observed for men.® We observed an increased mortality
from coronary heart disease associated with short sleep only for
women, and the mortality among female short sleepers did not
differ significantly from that among male short sleepers. The haz-
ard ratio (95% CI) of coronary heart disease for short sleepers in
women versus those in men was 4.60 (0.58-36.2). This finding
contrasts with the result that risk of mortality from cardiovascu-
lar disease, other causes, and all causes were approximately half
among women than among men. The age-adjusted hazard ratios
for women versus men were 0.56 (0.51-0.61) for total stroke,
0.46 (0.40-0.53) for coronary heart disease, 0.55 (0.51-0.58) for
total cardiovascular disease, 0.39 (0.37-0.41) for cancer, 0.44
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(0.42-0.47) for noncardiovascular disease/noncancer, and 0.45
(0.44-0.47) for all causes.

Short sleep of 4 or fewer hours was found to be associated
with increased risk of mortality from hemorrhagic stroke for
men, although this association was not statistically significant.
However, when stratified by alcohol consumption habits, an in-
creased risk of mortality from hemorrhagic stroke was observed
among male drinkers with 4 or fewer hours and 5 hours of sleep.
A cross-national study on sleep habits of approximately 35,000
men and women of 10 countries, including Japan,'° showed that
the prevalence of the use of alcohol as a sleep aid was the high-
est in Japan (30.3%). A recent cross-sectional survey conducted
in Japan!' also reported that the prevalence of alcohol consump-
tion as a sleep aid at least once a week was 48% for men aged
20 years or older. It is possible that the habit of using alcohol
as a sleep aid enhances the risk of mortality from hemorrhagic
stroke associated with short sleep duration.

There is some evidence that may explain why short sleep
duration is associated with an increase in mortality from cor-
onary heart disease and total cardiovascular disease. Previ-
ous studies showed that short-term sleep deprivation leads to
increased sympathetic nervous system activity,'*! elevated
blood pressure,'*' elevated cortisol levels," impaired glucose
tolerance," and increased inflammatory markers,'s which may
reflect and increase the risk of cardiovascular disease. Further-
more, recent epidemiologic studies have demonstrated that
short sleep duration is associated with higher levels of hemo-
globin A (1c),' total cholesterol,’” and triglycerides,'” higher
blood pressure,'” and increased incidence of hypertension.!®
Short sleep was also associated with increased mortality from
noncardiovascular disease/noncancer for both men and women.
This finding suggests other mechanisms for increasing nonspe-
cific mortality, which need to be explored in further studies.

The association of long sleep duration with higher risks of
mortality from total stroke, total cardiovascular disease, non-
cardiovascular disease/noncancer, and all causes observed in
our study was consistent with the results of previous cohort
studies.!* A 10-year follow-up of the National Health and Nu-
trition Examination Survey I cohort comprising 7844 men and
women aged 32 years and older showed a 1.5-fold increase
in risk of stroke for persons with more than 8 hours of sleep,
compared with those with 6 to 8 hours of sleep.! The Nurses’
Health Study of 82,969 women aged 40 to 65 years showed
that, compared with 7 hours of sleep, long sleep of 9 or more
hours was associated with a 1.6-fold increase in mortality from
cardiovascular disease, a 1.5-fold for noncardiovascular dis-
ease/noncancer, and a 1.4-fold for all causes.®> Another report
from the Nurses’ Health Study of 71,617 women aged 40 to
65 years showed that, compared with 8 hours of sleep, long
sleep of 9 or more hours was associated with 1.4-fold increased
risk of coronary heart disease.? Although the mechanisms for
the association between long sleep duration and increased mor-
tality from cardiovascular disease and other causes were not
clear, long sleep duration may be an early symptom of disease
and may precede clinical diagnoses. However, the association
of long sleep duration with excess mortality from total cardio-
vascular disease, noncardiovascular disease/noncancer, and all
causes did not change substantially after exclusion of the sub-
jects whose events occurred within 5 years from baseline.
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The following limitations of our study need to be addressed.
First, we could not obtain information about the quality of sleep,
such as the presence or absence of sleep apnea, which is associ-
ated with increased risk of cardiovascular disease.”” A previous
cohort study of 1024 volunteers showed that short sleep duration
was associated with an increased body mass index along with a
reduction in leptin and elevated levels of ghrelin®® Since being
overweight is a strong risk factor for sleep apnea, this disorder
can be a confounder for the association between short sleep dura-
tion and increased risk of mortality from cardiovascular disease.
However, men and women with short sleep duration enrolled in
our study did not have a higher mean body mass index, and we did
not have a higher percentage of overweight subjects among short
sleepers than long sleepers, so that the potential confounding ef-
fect of sleep apnea may be minor. Second, data on sleep duration
were obtained by self-administrated questionnaire and, thus, may
include misclassification. However, self-assessed sleep duration
was shown in a previous study to yield valid results in compari-
son with quantitative sleep assessment with actigraphy?! Another
study has suggested, however, that depressed mood is associated
with both underextimation and overestimation of habitual sleep
duration.”? We therefore conducted a statistical analysis including
these psychological factors as covariates, which showed that the
association between sleep duration and coronary heart disease
remained substantially unchanged. Finally, we used the mortality
data, rather than incidence data, as endpoints, which may lead to
misclassification in the diagnosis of discuss outcomes, especially
stroke, stroke subtypes, and coronary heart disease. However, the
widespread use of computed tomography in local hospitals since
the 1980s has probably made the diagnosis of stroke and its sub-
types reported on the death certificates sufficiently accurate®
For coronary heart disease, approximately one fourth to one third
of deaths attributed to ischemic heart disease on the death certifi-
cate were misdiagnosed, according to the validation studies.?*
Therefore, the contamination of other cardiovascular diseases in
the diagnosis of coronary heart disease would probably underes-
timate the excess mortality from coronary heart disease for fe-
male short sleepers, and the real association may be stronger.

The strengths of our study are its prospective design and high
statistical power to detect sex-specific associations of short and
long sleep duration with cause-specific mortality, as well as
with total mortality.

In conclusion, short sleep duration was associated with in-
creased mortality from coronary heart disease for women and
from noncardiovascular disease/noncancer and all causes for
both sexes, whereas long sleep duration was associated with
increased mortality from stroke, total cardiovascular disease,
noncardiovascular disease/noncancer, and all causes for both
sexes, yielding a U-shaped relationship with total mortality,
with a nadir at 7 hours of sleep.
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Stroke Risk of Blood Pressure Indices Determined by Home
Blood Pressure Measurement
The Ohasama Study

Ryusuke Inoue, MD, PhD; Takayoshi Ohkubo, MD, PhD; Masahiro Kikuya, MD, PhD;
Hirohito Metoki, MD, PhD; Kei Asayama, MD, PhD; Atsuhiro Kanno, MD; Taku Obara, PhD;
Takuo Hirose, PhD; Azusa Hara, PhD; Haruhisa Hoshi, MD, PhD; Kazuhito Totsune, MD, PhD;
Hiroshi Satoh, MD, PhD; Yoshiaki Kondo, MD, PhD; Yutaka Imai, MD, PhD

Background and Purpose—The purpose of this prospective cohort study was to investigate associations between stroke
and blood pressure (BP) indices (systolic BP [SBP], diastolic BP [DBP], mean BP, and pulse pressure [PP]) determined

by home BP measurement.

Methods—Associations between stroke and BP indices were examined in a rural Japanese population. Home BP data of
2369 subjects (40% men) =35 years of age (mean, 59 years) without a history of stroke were obtained. Associations
between stroke and each index were determined using Cox proportional hazards regression and the likelihood ratio (LR) test.

Results—During follow-up (mean, 11.7 years), 238 strokes occurred. The LR test showed that SBP and mean BP were
significantly more strongly associated with total and ischemic stroke than DBP and PP (LR yx* =9.3, P<0.01 for
SBP/mean BP, LR y* =3.8, P=0.05 for DBP/PP). SBP tended to be more strongly associated with total/ischemic stroke
than mean BP (LR y*=3.8, P=0.05 for SBP, LR x* =0.2, P>0.6 for mean BP). PP tended to be slightly more strongly
associated with ischemic stroke than DBP (LR X2=7 .5, P<0.01 for DBP, LR X2=9.3, P<0.01 for PP), whereas DBP
was significantly more strongly associated with hemorrhagic stroke than PP (LR x*=9.2, P<0.01 for DBP, LR y*=2.5,

P=0.01 for PP).

Conclusion—PP obtained from home BP measurements was weakly associated with stroke, whereas SBP showed the strongest
association. Additionally, DBP and PP may be associated with different stroke types. (Stroke. 2009;40:2859-2861.)

Key Words: diastolic blood pressure @ home blood pressure measurement ® mean blood pressure
| pulse pressure m stroke @ systolic blood pressure

Recently, pulse pressure (PP) was reported to be associ-
ated with coronary heart disease.'> However, several
studies showed that PP is not strongly associated with stroke
when compared with other blood pressure (BP) indices.*#
These studies were based on casual-screening BP (CBP).
Thus, the present study evaluated associations between stroke
and systolic BP (SBP), diastolic BP (DBP), mean BP (MBP),
and PP obtained from home BP (HBP) measurement, which
has been demonstrated to predict cardiovascular diseases
more accurately than CBP.

Methods

The present study is part of a longitudinal observational cohort study
of subjects who have been participating in our HBP measurement

project in Ohasama, Japan, The socioeconomic and demographic
characteristics of Ohasama, the selection procedure of the study
populations, the HBP and CBP measurement procedures, and the
data collection procedures have been described previously.>-” The
present study population consisted of 2369 individuals (40% men),
=35 years of age (mean, 59.2 years), without a history of stroke and
with =3 days of morning HBP and a CBP.¢

The subjects were followed from the dates of HBP measurement
(approximately 1992) until December 31, 2004. The procedures for
diagnosing stroke were described previously.”# Cerebral infarction
(International Classification of Diseases, 10th Revision code 163) was
defined as ischemic stroke, and intracerebral hemorrhage (I61) and
subarachnoid hemorrhage (160) were defined as hemorrhagic stroke.

The relative hazard and 95% CI were estimated for a 1-SD
difference for each index using Cox proportional hazards regression,
adjusted for age, sex, smoking status, use of antihypertensive medica-
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Table 1. Baseline BP Values and Age for All Subjects, for Those Who Developed Stroke, and

for Those Who Did Not Develop Stroke

Stroke Type of Stroke

Variables Overall Did Not Develop Developed Ischemic Hemorrhagic
N 2369 2131 238 169 69
Age 59.2+12.1 58.4+12.1 66.2+9.7* 67.0+94 64.3+10.3
Home BP

SBP 1242151 123.0£14.6 134.4+15.6* 134.9£14.9 133.0£175

DBP 745+9.9 74198 78.9+10.4* 78.8:10.6 79199

MBP 91.1+109 90.4+10.7 97.4+11.3* 97.5=11.2 971117

PP 49.6+9.9 49.0+9.6 55.5+10.8* 56.1+10.3 53.9£12.0
CBP

SBP 130.9218.0 130.1+17.9 138.3+£17.2* 138.6+17.1 137.5x17.7

DBP 744113 741113 77.1+:10.5% 77.0=104 77.3+10.9

MBP 93.3+12.3 92.8£12.3 97.5+11.3* 97.5+11.1 97.4+11.9

PP 56.5x13.4 56.0+13.2 61.2:+14.3 61.6+14.6 60.213.8

Note: Data are presented as mean=SD. Hemorrhagic stroke included intracerebral hemorrhage and subarachnoid
hemorrhage.

*P<0.001.

tion, and history of heart disease, diabetes mellitus, or hypercholester-
olemia. The likelihood ratio (LR) x” value was used as a measure of the
improvement of goodness of fit® between the model containing a single
BP index (and confounding factors) and the model containing 2 indices.
A significant LR x? indicates that the index represents a significantly
stronger association with stroke.®

Results

During follow-up (mean, 11.7 years), 238 strokes occurred
(169 ischemic, 69 hemorrhagic).

All baseline BP indices were significantly higher in subjects
who developed stroke than in those who did not (Table 1).

Figure A shows relative hazards for total stroke. Of the
HBP indices, SBP and MBP were strongly associated with total
stroke followed by DBP. The association between total stroke
and PP was relatively weak. Associations between stroke and the
CBP indices were generally weak. Table 2 shows the LR x*
values when 2 HBP indices were analyzed simultaneously. For
total stroke, the LR »? values of SBP and MBP (LR X2 =118,
P<0.01) were significantly higher than those of DBP and PP
(LR ¥* =3.8, P=0.05). The LR ¥* value of SBP tended to be
larger than that of MBP, although the difference was not
significant. The LR j* values of DBP and PP were not
significantly different when DBP and PP were compared.

Figure B shows the relative hazards for ischemic stroke.
The association between ischemic stroke and SBP was the
strongest followed by MBP, Associations between ischemic
stroke and DBP and PP were relatively weak. As shown in
Table 2, the LR x* of SBP tended to be larger than that of
MBP when SBP was compared with MBP, but there were no
significant differences. The LR y* values of SBP and MBP
were significantly stronger than those of DBP and PP when
SBP and MBP were compared with DBP and PP. The LR »?
values of DBP and PP were not significantly different when
DBP and PP were compared, although that of PP tended to be
larger than that of DBP.

Figure C shows the relative hazards for hemorrhagic
stroke. SBP, DBP, and MBP were similarly associated with

hemorrhagic stroke, and PP was not significantly associated.
No significant differences were observed when the LR x°
values of SBP, DBP, and MBP were compared; these values
were also significantly larger than that of PP (Table 2). These

A Total stroke RH (95% CI)

Home SBP [ — 1.48(1.28-1.70)
DBP — 134(1.17-154)

MBP —_—a— 1.44(1.25-1.66)

PP e 1.29(1,13-1.46)

Casuyal SBP ~ —a— 1.19(1.05-1.34)
DBP —a— 1.18(1.04-1.34)

MBP e 1.21(1.06-1.37)

PP —— 1.10(0.97-1.24)

B Ischemic stroke RH (95% CI)
Home SBP — 1.44(1.22-1.70)
DBP —_— 1.28(1.09-1.51)

MBP —_—.— 1.38(1.17-1.63)

PP —— 1.29(1.11-1.50)

Casual SBP —8—— 1.17(1.01-1.35)

DBP e 1.16(1.00-1.34)
1.18(1.02-1.37)

1.09(0.94-1.26)

MBP ——
PP —a—

C Hemorrhagic
stroke RH (95% CI)

Home SBP

DBP —_—

— e 1,59(1.22-2.07)
1.52(1.18-1.96)
MBP —_— W 1.60(1.23-2.08)
1.27(0.98-1.63)
1.23(0.99-1.55)
1.24(0.98-1.57)
1,27(1.01-1.5%)
1.11(0.88-1.39)

PP —_—

Casual  SBP
DBP ———

MBP —_—

PP ——

1.0 1.5 2.0

Figure. Relative hazards (RHs) and 95% Cls of BP indices for
stroke risk. Boxes represent RHs. Horizontal lines represent
95% Cls. (A), Total stroke; (B) ischemic stroke; (C) hemorrhagic
stroke.
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Table 2. Increases in Goodness of Fit Adding HBP Indices

Hemorrhagic
Total Stroke Ischemic Stroke Stroke
Comparison LR * P LR ¥ P LR »* P
MBP versus PP MBP 15.3 <0.01 7.5 <0.01 9.2 <0.01
PP 3.8 0.05 3.8 0.05 0.3 0.59
SBP versus PP SBP 15.3 <0.01 7.5 <0.01 9.2 <0.01
PP 0.2 0.67 0.009 0.92 1.0 0.32
DBP versus PP DBP 15.3 <0.01 7.5 <0.01 9.2 <0.01
PP 11.8 <0.01 9.3 <0.01 25 0.
SBP versus DBP SBP 11.8 <0.01 33 <0.01 25 0.11
DBP 0.2 0.67 0.009 0.92 1.0 0.32
SBP versus MBP SBP 38 0.05 3.8 0.05 0.3 0.59
MBP 0.2 0.67 0.009 0.92 1.0 0.32
MBP versus DBP MBP 1.8 <0.01 9.3 <0.01 25 0.1
DBP 38 0.05 3.8 0.05 0.3 0.59

Note; This table shows increases in goodness of fit from adding one BP index to a mode! including another
index and vice versa. The degrees of freedom for LR x? are all 1. The Pvalues are for LR x? values; an LR »*
of 3.8 corresponds to a P value of 0.05, 6.6 to 0.01, and 10.8 to 0.001.

results did not change for the analysis of intracerebral
hemorrhage alone.

Discussion

Recent studies using CBP3# and ambulatory BP,® which
investigated associations between stroke and BP indices,
showed that PP was not very strongly associated with stroke.
In the present study using HBP, like in these previous studies,
PP was not strongly associated with stroke. LR tests showed
that SBP and MBP were significantly more strongly associ-
ated with total or ischemic stroke than DBP and PP. SBP,
MBP, and DBP were all significantly more strongly associ-
ated with hemorrhagic stroke than PP. Thus, PP may not be
important for predicting stroke. However, PP tended to be
slightly more strongly associated with ischemic stroke than
DBP, suggesting that different BP indices are specifically
associated with different stroke types.

SBP tended to be more strongly associated with total and
ischemic stroke than MBP, although the differences were not
significant, Considering that MBP has to be calculated from
the formula as an approximation, SBP may be the most useful
index to follow in daily medical practice.

In conclusion, PP obtained from HBP measurements was
not strongly associated with stroke. SBP showed a strong
association with stroke and appears to be a useful index. DBP
and PP may be associated with different stroke types.
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Repeated evening home blood pressure measurement
improves prognostic significance for stroke: a 12-year
follow-up of the Ohasama study

Kei Asayama®, Takayoshi Ohkubo®, Azusa Hara®, Takuo Hirose®,

Daisaku Yasui®, Taku Obara®, Hirohito Metoki®, Ryusuke Inoue®®,
Masahiro Kikuya®, Kazuhito Totsune®®, Haruhisa Hoshi"9, Hiroshi Satoh®f

and Yutaka Imai®®°

Objective To compare the predictive power of home blood
pressure (HBP) measured in the evening (E-HBP) and that
of casual screening BP (CBP) for stroke risk in relation

to the number of E-HBP measurements.

Methods We obtained E-HBP (measured once in the
evening just before going to bed for 4 weeks) and CBP
(measured twice during the health checkup) from 2234
Japanese participants aged > 35 years who had no history
of a previous stroke. The participants were followed-up for
a median duration of 11.9 years. The multivariate adjusted
relative hazard (RH) and 95% confidence intervals (Cl) for
each 10 mmMg (systolic) or 5 mmHg (diastolic) increase in
BP was determined by Cox regression model.

Results There were 226 incidences of stroke. Even the
initial E-HBP values significantly predicted future stroke
events (systolic RH=1.19, 95% Cl=1.11~1.28; diastolic
RH=1.12, 95% Cl=1.06-1.19), and the predictive power of
E-HBP increased progressively with the increased number
of measurements. When initial systolic E-HBP and systolic
CBP values were simultaneously included into the Cox
model, only initial E-HBP was significantly related with
stroke risk (E-HBP RH=1.17, 95% Cl=1.08-1.26; CBP
RH=1.07, 95% C|=0.99-1.15).

Introduction

Self-measurement of blood pressure (BP) at home (HBP)
is acknowledged worldwide as a useful clinical tool [1-6],
primarily because it is highly reproducible and reliable.
We have previously reported on the strong predictive
power of morning HBP (M-HBP) for cardiovascular
disease mortality and stroke incidence [7-9]. Because
of circadian BP variation and other latent confounding
factors, the characteristics of M-HBP and evening HBP
(E-HBP) are different [10,11]. M-HBP was superior
to the average of two casual screening BP (CBP) values
in terms of stroke prediction, and the predictive value

Previous presentations: part of this work was presented at the 6th Congress of
the Asian-Pacific Saciety of Hypertension (APCH2007), Beijing, China.

1359-5237 © 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins

Conclusion E-HBP has a stronger predictive power than
CBP regardless of the number of measurements. Our
findings emphasize the important clinical significance of
E-HBP over CBP, even though the measurement
conditions of E-HBP are generally less strict than

that of morning HBP measurements. Blood Press Monit
14:93-98 © 2009 Wolters Kluwer Health | Lippincott
Williams & Wilkins.
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increased progressively with the number of M-HBP
measurements [12]. However, the predictive power of
E-HBP, based on an increased number of measurements,
has never been examined.

The aim of this study was to compare the predictive
power of E-HBP with that of CBP for stroke risk in
relation to the number of E-HBP measurements.

Methods

Study population

This study is a part of the longitudinal observational
study of participants who have participated in our HBP
measurement project in Ohasama, a rural community in
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the northern part of Japan, since 1987. The socio-
economic and demographic characteristics of the Ohasama
study have been described previously [7-9,13-16]. From
1988 to 1995, we contacted all 4969 participants, 35 years or
over, who lived in four districts of Ohasama town. Partici-
pants who were not at home during the normal working
hours of the study nurses (#z = 1057) and those who were
hospitalized (n=166) or incapacitated (#=94) were
ineligible. Of the remaining 3652 residents, 2764 (76%)
participated in baseline examinations with CBP measure-
ment and follow-up. As E-HBP measurements were based
on the average of 14 times (14 days) or more; we excluded
426 participants who measured E-HBP less than 14 times.
To examine the risk of the first onset of stroke, 104
individuals who had a previous history of stroke were further
excluded from this analysis. Therefore, the study population
consisted of 2234 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 participant.

Blood pressure measurements

At annual health checkups, participants were seated at
rest for at least 2 min, and then CBP was measured twice
consecutively by well-trained nurses or technicians. We
used a semiautomatic CBP measuring device (USM700F;
Elquest Corporation, Chiba, Japan) based on the micro-
phone method.

Physicians and well-trained public health nurses con-
ducted health education classes to inform the partici-
pants on how to perform HBP. After their ability to
measure HBP was verified, participants measured their
own BPs once in the evening in the sitting position
after 2 mins or more of rest just before going to bed. They
were instructed to record the measurements for 4 weeks.
We allowed participants 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 participants’ selection biases. All
participants were instructed to hold their cuff-covered
arm at heart level during HBP measurements. These
procedures were described in detail in our previous
report [15], and followed the Japanese guidelines for self-
monitoring of BP at home [3]. HBP was measured using
the HEM 401C (Omron Healthcare, Kyoto, Japan),
a semiautomatic device based on the cuff-oscillometric
principle, which generates a digital display of both
systolic and diastolic BP [17]. The devices for measure-
ment of CBP and HBP were calibrated before the start
of the study [17]. The devices met the criteria set by
the Association for the Advancement of Medical Instru-
mentation [18]. We ‘used a standard arm cuff for HBP
measurements, as none of the participants had an arm
circumference of 34 cm or more.

Follow-up and risk assessment

We accumulated follow-up data from 1987 until 31
December 2004. The participants’ residence status in
Ohasama was confirmed by registration cards. These
cards are accurate and reliable because they are used
for pensions and social security benefits in Japan.

The incidence and past history of stroke were investi-
gated through the Stroke Registration System of Iwate
Prefecture, death certificates, receipt of National Health
Insurance, and questionnaires sent to each household
at the time of HBP measurement. The information was
then confirmed by checking the medical records of
Ohasama hospital, where more than 90% of the partici-
pants had their regular health checkups. We used
computed tomography scans and magnetic resonance
imaging reports to determine the clinical definition of
stroke. For 3% of stroke cases, death certificates were
the only source of information. The analysis included
only the first event in those who had multiple nonfatal
events. The diagnostic criteria of stroke and their sub-
types were based on the system for the Classification of
Cerebrovascular Disease III by the National Institute of
Neurological Disorders and Stroke [19].

Other information for individuals such as height, weight,
smoking status, drinking habits, use of antihypertensive
medication at baseline, history of heart disease, hyper-
cholesterolemia, or diabetes mellitus, was obtained from
questionnaires sent to each household at the time of
HBP measurements, from records of annual health
checkups, and from medical records at Ohasama Hospital.
Participants using lipid-lowering drugs or those with
serum cholesterol levels of > 5.68 mmol/l (220 mg/dl)
were considered to have hypercholesterolemia. Partici-
pants with a fasting glucose level of > 7.0 mmol/l
(126 mg/dl) or nonfasting glucose level of > 11.1 mmol/
I (200 mg/dl), or those using insulin or oral antihypergly-
cemic 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

HBP values were averaged separately in individuals;
for example, the HBP value in an individual who
measured his/her BP for 20 days was the average of these
20 measurements. CBP of each participant was the
average of two consecutive CBP readings taken at the
beginning of the study.

The Cox proportional hazard model was used for
examining the risk of the first stroke. The dependent
variable was the number of days from the measurement
of the first HBP to event or censoring for survivors until
31 December 2004, The independent variables were
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age, sex, body mass index, smoking status, use of anti-
hypertensive medication at baseline, diabetes mellitus,
hypercholesterolemia, and past history of cardiovascular
disease. The estimated relative hazard (RH) and the 95%
confidence intervals of variables were derived from the
coefficient and SEM determined by the Cox model. The
RH is expressed as the RH for each 10 mmHg (systolic)
or 5mmHg (diastolic) increase in BP. All the data are
shown as mean (SD) unless otherwise stated. Student
r-test, Fisher’s exact test, and analysis of variance were
used for appropriate analysis. P value less than 0.05
(2-sided test) was accepted as indicative of statistical
significance. The SAS system (version 9.13, SAS Institute
Inc., Cary, North Carolina, USA) was used for all
statistical analyses.

Results

The characteristics of participants are shown in Table 1.
They were followed-up for a median of 11.9 (interquartile
9.8-15.4) years, to a maximum of 16.9 years. We obtained
226 incident cases of first stroke among the 2234
individuals: 157 (69.5%) cerebral infarction, 50 (22.1%)
intracerebral hemorrhage, 17 (7.5%) subarachnoid hemor-
rhage, and 2 (0.9%) unknown cases.

The averaged systolic E-HBP values were significantly
lower than the averaged systolic CBP even for the initial
days (P < 0.001). Although the averaged diastolic BP values
were not significantly different between initial E-HBP
and CBP (P=04), the discrepancy increased with an
increased number of E-HBP measurements (Table 2).
All BP values for those participants who had a stroke
before the follow-up period were significantly higher than
those who did not have a stroke (all P values < 0.001).

Figure 1 shows the risk of first onset of stroke as a
continuous model. A 10 mmHg elevation of systolic CBP
(P =0.002) and systolic E-HBP (all P values < 0.001)
were significantly associated with the risk of stroke. The
predictive value of E-HBP increased progressively with

Table 1 Clinical characteristics of study participants

Stroke occurrence

Variables All participants Yes No P*
Number of participants 2234 226 2008
Age (years) 59.2+11.9 66.1+9.2 584+11.9 <0.0001
Men (%) 37.0 50.4 35.5 <0.000t
Body mass index (kg/m?) 23.5%3.1 234431 235+3.1 <0.0001
Past history of CVD (%) 0.6 1.3 0.5 0.2
Diabetes (%) 9.9 14.2 9.4 0.03
Smoking (96} 18.3 243 176 0.02
Hypercholesterolemia (%) 28.1 27.0 28.2 0.8
Use of antihypertensive 29.2 51.8 266  <0.0001
medication

Values are expressed as mean  SD,

CVD, cardiovascular disease.

*P values for comparison between stroke developed and non-developed
participants.
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Table 2 Blood pressure values of study participants

Stroke occurrence

Variables All participants Yes No
Systolic BP
CBP 130.8+18.1 138.6+173 129.91+17.9
E-HBP 1 day 1243+ 18.1 134.6+19.2 12324176
2 days 123.6+16.6 1339+ 173 1224+ 161
1 week 122.6+15.2 133.2%156.7 12144146
2 weeks 122.2+14.9 132.8+15.3 121.0+14.3
Multiple 121.7+14.5 1323+ 149 120.6+14.0
Diastolic BP
CBP 743+11.3 7741+ 10.6 739+11.3
E-HBP 1 day 740%12.2 78.7+12.2 735+14.0
2 days 73.6+10.9 78.6:+10.9 73.0%12.1
1 week 73.0+9.9 78.0£9.,7 72.4+10.8
2 weeks 72.7+9.6 778+9.7 72.1+9.8
Multiple 72.4+9.4 774+94 71.9+95

CBP, casual screening blood pressure; E-HBP, self-measurement of BP
measured at home in the evening.
ttest, all P values <0.001 between stroke developed and non-developed.

Fig. 1
Relative hazards with 95% confidence intervals
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Predictive values of self-measurement of BP at home in the evening
(E-HBP) and casual screening blood pressure (CBP). Relative
hazard (RH) and 95% confidence intervals (C) of E-HBP at initial 1
day, 2 days, 1 week, 2 weeks, and multiple times are shown. CBP is
also shown, RH is represented by solid circles and expressed as an
increase in stroke risk per 10-mmHg elevation of systolic BP (upper
portion of figure) and per 5-mmHg elevation of diastolic BP (lower
portion of figure). Horizontal lines represent 95% Cl. Adjusted
factors included age, sex, body mass index, smoking status, drinking
habits, diabetes mellitus, hypercholesterolemia, and past history of
cardiovascular disease.

an increase in the number of measurements, showing the
highest predictive value when E-HBP was measured
multiple times. Similar associations were observed based
on diastolic BP. The results were similar when men and
women were analyzed separately; E-HBP had stronger
predictive power for stroke than CBP, and the power
increased as the measurement number increased (data
not shown).
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Table 3 Adjusted RH of E-HBP and CBP levels for stroke
incidence with a BP increase of 10 (systolic) and 5 mmHg
(diastolic)

E-HBP CBP
RH 95% Cl Ia RH 95% Cl e
Systolic BP
1 day 117 1.08-126 155 1.07 0.988-1.15 3.0
2 days 123 1.13-1.34 2241 1.06 0.98-1.14 2.2
1 week 133 1.21-1.47 335 103 0.96-1.11 0.7
2 weeks 136 1.23~1.50 36.0 1.03  0.95-1.11 0.5
Muitiple 1.38 1.25-1564 380 1.02 0.85-1.10 0.3
Diastolic BP
1 day 110 1.04-117 112 1.07 1.00-1.13 4.4
2 days 117 1.09-1.258 19.6 1.05 0.99-1.1t 2.3
1 week 120 1.11-130 220 1.04 098-1.10 1.4
2 weeks 122  1.13-1.32 245 1.03  0.97-1.10 0.9
Multiple 1.22 1.13-133 244 1.03 0.97-1.09 0.8

CBP and each E-HBP were simultaneously included into the Cox model.

x2, Wald y? tests; CBP, casual screening blood pressure; Cl, confidence
intervals; E-HBP self-measurement of BP at home in the evening; RH, relative
hazard.

When initial E-HBP and CBP values were simultaneously
included in the Cox model, initial E-HBP was more
closely related with stroke risk than CBP (Table 3).
Similarly, at 2 days, 1 week, 2 weeks, and multiple times
E-HBP values showed a significantly greater relation
with the risk of stroke than the CBP values (E-HBP:
all P values < 0.001, CBP: all P values <0.1). Further-
more, log likelihood tests indicated the same results; for
example, even the model, including both 1 day systolic
E-HBP and systolic CBP, lost goodness of fit when 1
day systolic E-HBP was removed (P < 0.05), whereas
no significant changes occurred when systolic CBP was
removed (P =0.2). A sensitivity analysis after exclusion
of participants under antihypertensive drugs produced
similar results (data not shown).

Discussion

In the current prospective cohort study, we have
demonstrated that E-HBP has a stronger predictive
power than CBP, regardless of the number of measure-
ments. This suggests the clinical significance of E-HBP
over CBP, even though the conditions of E-HBP
measurement are generally less strict compared with
M-HBP measurements.

In our previous study, initial M-HBP was superior to
the average of two CBP values as a stroke predictor [12].
This study adds evidence that HBP per s¢ has a superior
predictive power that is irrelevant to the number of
measurements. It is possible that CBP measured many
times may have a predictive value equivalent to that of
HBP. However, the advantage of HBP measurements
is that individuals are able to measure their own BP
repeatedly at home, making it easy to obtain many HBP
measurements. In several studies, HBP was defined as

the average of M-HBP and E-HBP [20-22], whereas in
other surveys including ours [7,23], HBP was calculated
using only M-HBP measurements. Although we have
indicated that M-HBP and E-HBP would have a different
prognostic power for stroke incidence [24], the accurate
evaluation of these two separate measurements in
relation to cardiovascular morbidity and mortality remains
to be investigated.

It is emphasized that while E-HBP has a good predictive
power for stroke incidence, E-HBP was taken under
relatively uncontrolled measurement conditions com-
pared with conditions for M-HBP. For E-HBP, typical
evening activities, such as taking a bath, drinking alcohol,
eating supper or taking drugs at the time of E-HBP
measurement were not taken into account in this study.
Approximately one third of adults in Ohasama drink
alcohol in the evening [25]; this could cause a transient
fall in BP in the late evening It is likely that the
prognostic significance of E-HBP would be improved
when E-HBP is measured under controlled conditions.
Furthermore, the time of E-HBP measurement varies;
E-HBP was measured in the early evening in European
studies [26,27], whereas in Japanese studies, based on
the Japanese guidelines for HBP measurement [3],
measurements were taken in the late evening just before
bedtime [10,11,28]. There is room for further investiga-
tion of whether E-HBP would have the same predictive
power for people from other countries.

HBP offers the opportunity to assess the duration of
action of antihypertensive medications. This can be done
by measuring BP at the time of trough drug effect (before
the morning dose) and peak drug effect (at midday or
in the evening) [29]. Based on these measurements, it is
possible to calculate the morning: evening ratio, which
may provide similar information with the trough: peak
ratio, an index widely used to reflect the duration of
action of antihypertensive medications [29,30]. The
morning: evening ratio is a useful index for evaluating
the duration of action of a drug administered once daily
in the morning [31]. It is a reasonable assumption that
only initial E-HBP, as well as initial M-HBP, would be
useful in assessing the morning: evening ratio. However,
as our present findings show, an increasing number of
HBP measurements, regardless of time of measure-
ment, would improve the data quality.

Cuff-oscillometric devices were used for HBP measure-
ment. There is no universally accepted method of BP
measurement in patients with arrhythmias, and BP devices
vary greatly in their ability to measure BP accurately
[5]. Although arrhythmia might cause inter-observer
and intra-observer error, as indicated by the American
Heart Association recommendation for BP measurement
devices [32], automated devices are widely accepted in
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clinical practice, and we would like to investigate stroke
risk in relation to E-HBP measurement using an epi-
demiological approach. In this analysis, we used an
adjusting factor — past history of cardiovascular disease
— to consider participants with arrhythmia or atrial
fibrillations. Further analysis, excluding individuals with
past histories of cardiovascular disease, showed the
same results (data not shown). Although further testing
is required, devices with an arrthythmia detection
function might be useful.

In conclustion, E-HBP has a stronger predictive power
than CBP, regardless of the number of measurements.
E-HBP, as well as M-HBP, is a useful tool to predict
future incidence of cardiovascular disease such as
stroke. Therefore, daily measurements of both M-HBP
and E-HBP are recommended. To improve the prognostic
significance of E-HBP, measurement conditions should
be reconsidered in future studies.
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The association between masked hypertension
and waist circumference as an obesity-related
anthropometric index for metabolic syndrome:
the Ohasama study

Kei Asayama', Atsushi Sato?, Takayoshi Ohkubo!??, Akira Mimura®, Katsuhisa Hayashi®, Masahiro Kikuya?,
Daisaku Yasui’, Atsuhiro Kanno®, Azusa Hara®, Takuo Hirose?, Taku Obara3, Hirohito Metoki*,
Ryusuke Inoue®, Haruhisa Hoshi, Hiroshi Satoh!” and Yutaka Imail?

Masked hypertension has been proven to be associated with an increased risk for cardiovascular diseases. The purpose of this
study was to examine the direct associations of obesity-related anthropometric indices, including waist circumference, with
masked hypertension. Participants in this population-based survey included 395 residents (> 35 years) of Ohasama, a rural
Japanese community. They measured blood pressure at home (HBP) and underwent an oral glucose-tolerance test. Participants
were classified into four groups on the basis of their HBP and casual-screening blood pressure (CBP) values: sustained
normotension, white-coat hypertension, masked hypertension or sustained hypertension. The relationships between the obesity-
related anthropometric indices and the four blood pressure groups were examined using multivariate analysis adjusted for
confounding factors. The mean waist circumference in men was significantly higher in individuals with masked hypertension
(87.3 cm) than in those with sustained normotension (81.0 cm) and white-coat hypertension (79.3 cm), whereas the mean
waist circumference in women was significantly higher in individuals with sustained hypertension (79.5 cm) than in those with
sustained normotension (75.0 cm). In the multivariate analysis, waist circumference, body mass index (BMI) and waist-to-hip
ratio were significantly associated with masked hypertension, particularly in individuals with normal CBP. Our results suggest
that HBP measurements might be particularly important in abdominally obese people for the early detection of masked
hypertension.
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INTRODUCTION

Metabolic syndrome is the concurrence of multiple metabolic
abnormalities associated with cardiovascular disease (CVD).!?2
Metabolic syndrome has been reported to be an important risk factor
for CVD and mortality,>* and is useful in predicting diabetes
mellitus.”

masked hypertension,”® who have normal CBP but increased HBP.
Whether white-coat hypertension is a benign condition®!° or is linked
with an increased risk for target organ damage and a worse prog-
nosis!!™13 is still controversial, but there is a general agreement that
individuals with masked hypertension have an increased risk of
CVD.”® However, there have been few reports regarding the associa-

Blood pressure (BP) measurements outside of medical settings,
such as self-measured BP at home (HBP), have identified two
subgroups of individuals: those with white-coat hypertension,® who
have persistently increased BP levels in a medical setting (referred to as
casual-screening BP or CBP) but normal HBP, and individuals with

tion between masked hypertension and waist circumference (WC) or
metabolic syndrome.

The aim of this study is to investigate whether or not obesity-related
anthropometric indices, including WC, BMI and waist-to-hip ratio
(WHR), are associated with masked hypertension.

YTohoku University 21st Century COE Program ‘Comprehensive Research and Education Center for Planning of Drug Development and Clinical Evaluation', Sendai, Japan;
2Department of Planning for Drug Development and Clinical Evaluation, Tohoku University Graduate School of Pharmaceutical Sciences, Sendai, Japan; 3Department of Clinical
Pharmacology and Therapeutics, Tohoku University Graduate School of Pharmaceutical Sciences and Medicine, Sendai, Japan; 4Department of Medical Genetics, Tohoku
University Graduate School of Medicine, Sendai, Japan; SDepartment of Medical Informatics, Tohoku University Graduate School of Medicine, Sendai, Japan; 80hasama Hospital,
Hanamaki, Japan and "Department of Environmental Health Sciences, Tohoku University Graduate School of Medicine, Sendai, Japan

Correspondence: Dr K Asayama, Tohoku University 21st Century COE Program ‘Comprehensive Research and Education Center for Planning of Drug Development and Clinical
Evaluation’, 1-1 Seiryo-cho, Aoba-ku, Sendai, 980-8574, Japan.

E-mail: keitish@{c5.so-net.ne.jp

Received 5 October 2008; revised 10 February 2009; accepted 16 February 2009; published online 24 April 2009

— 178 —



