METHODS

Study population

This investigation is a part of a longitudinal observational study of HBP
measurements among Ohasama residents since 1987. The sociceconomic and
demographic characteristics of this region and complete details of the project
are described elsewhere,!¥!¢ The study protocol was approved by the Institu-
tional Review Board of Tohoku University School of Medicine and by the
Department of Health of the Ohasama Town Government. Between 2000 and
2006, we contacted all 4809 individuals aged 35 years or older in four districts of
Ohasama town, Those who were not at home during the normal working hours
of the study nurses (n=1298) and those hospitalized (n=192) or incapacitated
(n=120) were not eligible, Of the remaining 3199 residents, 2181 (68%)
provided written, informed consent to participate in the HBP measurement
program, We excluded 68 individuals from this analysis as their morning HBP
values were the averages of <3 readings (3 days). Of the remaining 2113
individuals, 397 (19%) voluntarily participated in the screening program for
diabetes mellitus, including an oral glucose-tolerance test and measurement of
WC. Those treated with antidiabetic agents (n=2) were excluded from this
analysis. Thus, the total number of participants statistically analyzed was 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).

Diabetes screening program

In the screening program for diabetes mellitus, the oral glucose-tolerance test
was carried out with a 75-g glucose-equivalent carbohydrate load (Trelan G;
Ajinomoto Pharma Co., Ltd, Tokyo, Japan) after the fasting blood samples had
been taken. WC was measured at the umbilical level by trained public-health
nurses. Individuals were asked to breathe out gently at the time of the
measurement, and the tape was held firmly in a horizontal position. Hip
circumference was measured over the widest part of the gluteal region. WHR
was calculated as WC in centimeters divided by hip circumference in
centimeters,

Blood pressure measurements
HBP was measured using the semi-automatic HEM-747IC-N (Omron Health-
care Co., Ltd, Kyoto, Japan), a device 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 results. The participants then measured their
own BP once in the mormning, in the sitting position within 1h after awaking,
and after 2 min of rest and recorded such measurements for 4 weeks. Those
on antihypertensive drugs measured their BP before taking medication.
Although many participants measured their HBP twice or more per occasion,
we used the first value from each measurement in our analysis to exclude
individual selection bias.!® HBP was defined as the mean of all measurements.

The CBP measurements were taken twice consecutively using an automatic
device (HEM-907, Omron Healthcare Co. Ltd.) in the morning before the oral
glucose-tolerance test after at least 2 min of rest. The average of two consecutive
readings from each individual was used as CBP.

The HBP and CBP measuring devices used in this study have been
validated'!? and meet the criteria established by the Association for the
Advancement of Medical Instrumentation.??

Categorization of participants according to blood pressure

Participants were classified into four groups on the basis of their HBP and CBP
values: sustained normotension (CBP: systolic BP <140 mm Hg and diastolic
BP <90 mm Hg; HBP: systolic BP < 135 mm Hg and diastolic BP <85 mm Hg);
white-coat hypertension (CBP: systolic BPz>140mmHg and/or diastolic
BP 90 mm Hg; HBP: systolic BP <135 mm Hg and diastolic BP <85 mm Hg);
masked hypertension (CBP: systolic BP<140mmHg and diastolic
BP<90mmHg HBP: systolic BP>135mmHg and/or diastolic BP>
85mmHg); and sustained hypertension (CBP: systolic BP>140mmHg
and/or diastolic BP 90 mm Hg; HBP: systolic BP>>135 mmHg and/or dia-
stolic BP>85mmHg). The cut-off values were derived from several guide-
lines22* In this analysis, those with sustained normotension included
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untreated individuals with sustained normotension and treated individuals
with controlled sustained normotension. The white-coat hypertension group
included treated individuals with uncontrolled BP only when this was mea-
sured in the medical setting, Similarly, the masked hypertension group included
those with ‘masked uncontrolled hypertension, which would represent uncon-
trolled BP ‘masked’ by the use of CBP measurement alone. These concepts are
consistent with those used in earlier studies”® and are based on earlier reports
showing that an insufficient duration of action for antihypertensive drugs
represents an important factor in causing higher HBP or ambulatory BP values
compared with CBP.4 As reported earlier, the prevalence of masked hyperten-
sion was significantly higher among men than among women (25% in men,
12% in women, P<0.01), whereas that of white coat hypertension was
significantly higher among women than among men (11 and 19% in men
and women, respectively, P=0.04).14

Statistical analysis
The homeostasis model assessment-insulin resistance index (HOMA-IR) was
calculated using the following formula: HOMA-IR=fasting plasma-glucose
(mg per 100ml) x fasting plasma-insulin (ug per 100ml)/405. Metabolic risk
factors, obesity-related anthropometric indices and other characteristics among
the four groups were compared using analysis of variance or Fisher’s exact test.
Analysis of covariance was used to adjust for between-group differences in
obesity-related anthropometric indices. The odds ratios (ORs) for masked
hypertension were examined using the logistic regression model. The following
anthropometric criteria were used for the analysis: WC, criteria of the Japanese
metabolic syndrome,?® International Diabetes Federation metabolic syn-
drome?$ or Ohasama;!4 BMI, criteria of the Japan Society for the Study of
Obesity;2” and WHR, criteria of the World Health Organization.?®

All data are expressed as meants.d. unless otherwise stated. Statistical
significance was established at P<0.05 (two-tailed). All statistical calculations
were carried out using the SAS system (version 9.1, SAS Institute Inc.,, Cary,
NC, USA).

RESULTS

The characteristics of participants classified under the four groups are
shown in Table 1. Those with sustained hypertension were signifi-
cantly older than those with sustained normotension. The mean
HOMA-IR was significantly higher in individuals with sustained
hypertension (1.92 £ 2.67) than in those with sustained normotension
(1.21£0.78).

Table 2 shows the means of obesity-related anthropometric indices
among the four hypertensive subgroups. The mean WC, BMI and
WHR were significantly higher in individuals with masked hyperten-
sion and sustained hypertension than in those with sustained normo-
tension. The mean WC in men was significantly higher in individuals
with masked hypertension (87.3£9.9) than in those with sustained
normotension (81.0+7.9) and those with white-coat hypertension
(79.3 £ 6.2), whereas the mean WC in women was significantly higher
in individuals with sustained hypertension (79.5 * 8.5) than in those
with sustained normotension (75.0 £ 8.5). The mean BMI in men was
significantly higher in individuals with masked hypertension
(25.5 % 3.2) than in those with sustained normotension (23.13.0)
and those with white-coat hypertension (21.8+1.9), whereas the
mean BMI in women was significantly higher in individuals with
sustained hypertension (24.7 £ 3.3) and those with white-coat hyper-
tension (24.3%3.0) than in those with sustained normotension
(22.7 £2.9). The mean WHR in each sex did not differ significantly
among the four groups. Similar results were obtained after adjustment
of these anthropometric indices by confounding factors (data not
shown).

Table 3 shows the adjusted ORs per certain-value increase in
obesity-related anthropometric indices for the presence of masked
hypertension. Higher WC, BMI and WHR were significantly
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Table 1 Characteristics of the study subjects

SNBP (n=188, 48%) WCHT (n=67, 17%) MHT (=61, 15%) SHT h=79, 20%) P
Men (%) 21.3 19.4 47.5 45.6 <0.001
Age (years) 61.7+£9.3 63.7+6.6 64.018.6 67.2+8.9* <0.001
Height (cm) 153.817.9 152.417.8 155.6+10.1 154.1+£9.3 0.2
Weight (cm) 54,1+9.2 55.3+8.2 59.9+13.2* 58.8+£11.0* <0.001
Hip circumference (cm) 91.7¢6.1 92.816.4 94.115.8* 94,2+ 6.0% 0.005
Triglyceride (mg per 100 ml) 87.7+45.9 112.9+79.8* 101.4151.3 112.1172.9* 0.003
Uric acid (mg per 100 ml) 47%1.2 48113 5.311.6% 51115 0.01
Fasting plasma glucose {mg per 100 mi) 92.119.4 95.7+10.5 94,.1+9.4 99,1+13.6%¢ <0.001
Fasting plasma insulin (WU per 100 ml) 53+3.4 6.01£3.6 5.614.3 7.6+£10.0* 0.02
HOMA-IR 1.21+0.78 1.43+0.94 1.3411.11 1.921£2.67* 0.004
Smoking habit (%) 9.6 6.0 23.0 12.8 0.01
Drinking habit (%) 37.8 25.4 50.8 49.4 0.007
Antihypertensive drugs (%) 11.2 29.9 37.7 51.9 <0.001
Antihyperlipidemic drugs (%) 3.7 4.5 8.2 3.8 0.5
Systolic CBP (mmHg) 121+12 152+ 11+ 127+ 10%* 153+13%1 <0.001
Diastolic CBP (mm Hg) 729 87+10* 74t 10t 86+ 125t <0.001
Systolic HBP (mm Hg) 11712 123+8* 142+ 8%t 147 £ 1014 <0.001
Diastolic HBP (mmHg) 7017 74t 6* 8318t 83+ 9xt <0.001

Abbreviations: CBP, casual-screening blood pressure; HBP, home blood pressure; HOMA-IR, homeostasis model assessment-insulin resistance index; MHT, masked hypertension; SNBP, sustained

normal blood pressure; SHT, sustained hypertension; WCHT, white coat hypertension.
P<0.05 compared with *SNBP, "WCHT and *MHT.
Values are expressed as mean + s.d. uniess otherwise stated.

Table 2 Obesity-related anthropometric indices among four
hypertensive subgroups

SNBP WCHT MHT SHT P

Waist circumference (cm)

All participants 76.3+8.7 78.0+85 82.7+10.6*"' 81.7+8.9* <0.001

Men 81.0t7.9 79.3+6.2 87.319.9%" 845+8.8 0.007

Women 75.0+85 77.7+9.0 785+9.6 79.518.5* 0.008
Body mass index (kgm~2)

All participants 22.8+2.9 23.813.0 245+3.2* 246+3.1* <0.001

Men 23.1+3.0 21.8+1.9 255+3.2%" 245+27" <0.001

Women 227129 243+3.0* 23.5+2.9 24.7£3.3* <0.001
Waist-to-hip ratio

All participants 0.83£0.07 0.84+0.07 0.88+0.08** 0.87 £0.07* <0.001
Men 0.8810.06 0.89+£0.06 0.91+£0.06 0.89+0.07 0.2
Women 0.82+0.07 0.83+0.07 0.85+0.09 0.84%£0.06 0.06

Abb : MHT, ked hypert ; SNBP,
sustained hypertension; WCHT, white coat hypertension.
P<0.05 compared with *SNBP and *WCHT.

Values are expressed as mean ts.d. unless otherwise stated.

d normal blood pressure; SHT,

associated with masked hypertension, especially in individuals with
normal CBP. An analysis of these findings classified by sex indicated
that the association was stronger in men than in women. The
interactions between sex and anthropometric indices were significant
in BMI (P=0.02 for model 1, and P=0.004 for model 2), whereas no
significant interaction was observed in WC and in WHR (all P>0.05).

The ORs for the presence of masked hypertension related to criteria
reported earlier for metabolic syndrome or obesity are shown in
Table 4. Out of five anthropometric criteria examined (that is, criteria
from five groups), the prevalence of masked hypertension was most
likely to be present in individuals who met the Japanese Metabolic
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Syndrome criteria (that is, men with a WC>> 85 cm and women with a
WC290 cm). Further analyses classified by sex indicated that the ORs
related to each criterion in men were substantially larger than those in
women, although with wider 95% confidence intervals (data not
shown).

DISCUSSION

We found that individuals with masked hypertension or sustained
hypertension had significantly higher WC than individuals with
sustained normotension. Increases in obesity-related anthropometric
indices such as WC, BMI or WHR were associated with masked
hypertension. The ORs of Japanese metabolic syndrome criteria for
WC and the International Diabetes Federation metabolic syndrome
criteria for WC for the presence of masked hypertension were higher
than those of the other criteria.

There were sex-specific associations of WC and BMI with masked
hypertension. Mean WC and BMI in men were significantly higher in
individuals with masked hypertension compared with those with
sustained normotension, suggesting that men with high WC or BMI
should measure their HBP to diagnose masked hypertension. The
higher prevalence of masked hypertension in men than in women also
supports the importance of HBP measurement in detection of masked
hypertension in men. Meanwhile, high WC and high BMI in women
were not significantly associated with masked hypertension; high BMI
in women was significantly associated with white-coat hypertension
and sustained hypertension. Women with high BMI should also
measure their own HBP, as Ugajin et al.!2 reported that white-coat
hypertension was a transitional condition to sustained hypertension
and suggested that white-coat hypertension carries a poor cardiovas-
cular prognosis. However, the number of participants in this study was
relatively small which resulted in wider 95% confidence intervals
classified by sex. The generally lesser values of ORs in women than
those in men suggest that an impact of WC or other anthropometric
indices for masked hypertension might vary between sexes; further
studies with larger number of participants should be needed.
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Table 3 Odds ratios for the presence of masked hypertension per one
standard unit increase in obesity-related anthropometric indices
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Table 4 Odds ratios for the presence of masked hypertension related
to metabolic syndrome or obesity criteria

All (h=395) Normal CBP (n=249)
Odds ratio P for Odds ratio P for
(95% CI) interaction* (95% Cl} interaction*
Waist circumference (per 10cm increase)
Model 1
All participants 1.54 (1.13-2.11) 1.80 (1.28-2.58)
Men 1,93 (1.15-3.39) 2,33(1.28-4.70)
Women 1.26 (0.83-1.88) 0.2 1.52 (0.98-2.37) 0.2
Model 2
All participants 1.67 (1.17-2.40) 1.72 (1.17-2.58)
Men 2,71 (1.29-6.51) 2,95 (1.26-8.48)
Women 1.34 (0.84-2,13) 0.06 1.68 (1.01-2.83) 0.4

Body mass index (per 5kgm~2 increase)

Model 1
All participants 1.67 (1.06-2.63) 2.33 (1.40-4.00)
Men 2.96 (1.40-6.77) 3.66 (1.55-10.1)
Women 1.07 (0.569-1.94) 0.02 1.68 (0.86-3.33) 0.1
Modet 2
All participants 1.90 (1.11-3.27) 2.02 (1.12-3.75)
Men 4.79 (1.70-15.6) 3.72 (1.25-13.2)
Women 1.01 {(0.50-2.01) 0.004 1,53 (0.70-3.43) 0.1

Waist-to-hip ratio {per 0.1 increase)

Model 1

Al participants 1.63 {(1.09-2.43) 1.80 (1.18-2.79)

Men 1.84 (0.91-3.90) 2.49 (1.07-6.46)

Women 1.40(0.84-232) 0.5 1.54 (0.93-2.58) 0.3
Model 2

All participants 1.73 (1.12-2.69) 1.80(1.11-2,93)

Men 2.15 (0.86-5.79) 3.22 {1.00-12.7)

Women 1.60(0.91-2.83) 0©4 2.11 (1.13-4.09) 0.8

Abbreviations: CBP: casual-screening blood pressure; Cl: confidence interval, HOMA-IR:
h tasis model t-insulin resistance index.

*P for interaction between sex and anthropometric indices on the odds ratios for the presence
of masked hypertension.

Mode! 1: adjusted by age and sex {only in all subjects).

Model 2: adjusted by age, sex (only in all subjects), triglyceride, uric acid, HOMA-IR, drinking
habit, smoking habit, antihypertensive drugs and antihyperlipidemic drugs.

Smoking habit was approximately threefold higher in masked
hypertension as compared with sustained normotension or white-
coat hypertension. Smoking was an independent predictor of the
magnitude of the difference between CBP and HBP in our earlier
study.?? The lower BP observed in smokers is suggested to be only a
transient decline in the BP as a result of abstinence from a short-time
‘off smoking' before the measurement of BP*® Accordingly, the
smoker might show a comparably high BP in the daily measurement
at home. Mikkelsen et al3! also showed that smoking seems to
diminish the screening daytime difference. Physicians might need to
pay special attention to smoking habits in individuals to avoid their
masked hypertension, as well as to reduce their CVD risks directly.

The anthropometric indices that would be most applicable to the
detection of masked hypertension remain uncertain. In a meta-
regression analysis of prospective studies, de Koning et al.3? reported
that WHR and WC were significantly associated with the risk of CVD
events, although they could not determine which indices had a
stronger predictive power. Vazquez et al’ also reported that BMI,
WC and WHR had consistently strong associations with the incidence

All (n=395) Normal CBP (n=249)
0Odds ratio (95% CI) Odds ratio (95% CI)

Waist circumference = 85cm in men, > 90cm in women (Japanese MS criteria)

Prevalence of masked hypertension 12.0%/31.9% 18.7%/55.0%
Model 1 3.45 (1.88-6.33) 5,32 (2.59-10.9)
Model 2 3.71(1.73-7.95) 4.46 (1.80-11.0)

Waist circumference » 90cm in men, »80cm in women (IDF MS criteria)

Prevalence of masked hypertension 12.7%/21.1% 19.8%/35.1%
Model 1 1.83 (1.05-3.20) 2.26 (1.23-4.15)
Model 2 2,09 (1,12-3.92) 1.92 (0.96-3.86)

Waist circumference > 87 ¢m in men, > 80cm in women (Ohasama criteria)

Prevalence of masked hypertension 13.0%/19.7% 19.8%/34.2%
Model 1 1.64 (0.94-2.85) 2,14 (1.17-3.89)
Model 2 1.76 (0.94-3.32) 1.70 {0.85-3.39)

Body mass index =25 kgm~2 (Japanese obesily criterion)

Prevalence of masked hypertension 12.9%/20.5%
Model 1 1.68 (0.96~2.96)
Mode! 2 1.80 (0.95-3.41)

19.4%/36.5%
2.16 (1.15-4.05)
1.87 (0.91-3.83)

Walst-to-hip rario » 0.9 in men, = 0.85 in women (WHO MS criteria)

Prevalence of masked hypertension 13.0%/19.7% 20.3%/32.6%
Model 1 1.63 (0.94-2.83) 1.85 (1.02-3.36)
Model 2 1.63 (0.90-2.95) 1.66 (0.84-3.25)

Abbreviations: CBP: casual-screening blood pressure; Cl: confidence interval; HOMA-IR:
homeostasis model assessment-insulin resistance index; |DF: International Diabetes Federation;
MS: metabotic syndrome; WHO: World Health Organization.

Model 1: adjusted by age and sex {only body mass index criterion).

Model 2: adjusted by age, sex {only body mass index criterion), triglyceride, uric acid, HOMA-
IR, drinking habit, smoking habit, antihypertensive drugs and antihyperlipidemic drugs.
Prevalence of masked hypertension represents the percentage of subjects withouthwith fulfitling
each of five anthropometric criterta.

of diabetes, but did not determine the priority of these indices. Further
research is needed to clarify which anthropometric index would be the
most applicable to diagnose masked hypertension.

In 2005, eight Japanese scientific associations collaborated to define
metabolic syndrome for the Japanese population;?> however, many
arguments remain, particularly in terms of the higher cutoff value of
WC for women than for men.3>8 In this study, WC cutoff values of
the Japanese metabolic syndrome criteria (>85cm in men, 290cm
in women) had the highest detective power for masked hypertension
among five anthropometric indices used. We had earlier proposed
optimal cutoff values of WC (=87 cm in men, >80cm in women;
Ohasama criteria for WC) for a diagnosis of metabolic syndrome by
receiver operating characteristic analysis.'* In the earlier report, we
used a lower HBP cutoff point (systolic >125mm Hg or diastolic
>80 mmHg) compared with this study that represents hypertension
on the basis of HBP (systolic > 135 mm Hg or diastolic > 85 mm Hg).
Furthermore, the number of selected individuals using the Japanese
metabolic syndrome criteria (n=19) was lower than that using the
Ohasama criteria (n=61); accordingly, comparably high-risk indivi-
duals were selected using the Japanese metabolic syndrome criteria,
resulting in a discrepancy between the two studies. Although masked
hypertension and metabolic syndrome are different disease states,
further prospective studies are needed to investigate the appropriate
criteria of WC to identify high-risk patients,
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This study showed a close association of masked hypertension with
high WC as well as high BMI, which are important risk factors for
metabolic syndrome. We had earlier reported that elevated HBP levels
were significantly associated with a clustering of metabolic risk
factors.!* HBP has a stronger predictive power for CVD mortality
and morbidity than CBP,!63%% HBP values improve the accuracy of
screening for hypertension and for assessing BP control during
treatment, and encourage drug compliance.®® Although CBP-based
metabolic syndrome is useful for detecting CVD risk,> it is reason-
able to assume that risk assessment on the basis of HBP might be a
more effective tool than that based on CBP.

The study cohort was significantly older, had lower systolic HBP
levels and comprised a lower proportion of men than non-partici-
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
participating. 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 generalizing the present
findings.

In conclusion, men with high WC or BMI should measure their
HBP to detect masked hypertension and women with high BMI
should also measure their HBP to predict future sustained hyperten-
sion. Furthermore, early-stage, non-pharmacologic intervention, such
as lifestyle modification, might be useful for these individuals. HBP
measurements should be taken in abdominally obese people because
of their high probability of masked or sustained hypertension.
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Detection of silent cerebrovascular lesions in individuals with
‘masked’ and ‘white-coat’ hypertension by home blood
pressure measurement: the Ohasama study

Azusa Hara®', Takayoshi Ohkubo®", Takeo Kondo®, Masahiro Kikuya?,

Yoko Aono?, Sugiko Hanawa® Kyoko Shioda®, Sayaka Miyamoto®,

Taku Obara®9, Hirohito Metoki®®, Ryusuke Inoue", Kei Asayama',

Takuo Hirose®', Kazuhito Totsune®’, Haruhisa Hoshi', Shin-Ichi lzumi®,

Hiroshi Satoh®' and Yutaka Imai®f

Objective To investigate the risk of silent cerebrovascular
lesions in individuals with masked hypertension (MHT) and
white-coat hypertension.

Methods Self-measured home blood pressure (HBP) and
casual blood pressure (CBP) measurements were recorded
in 1060 individuals at least 55 years of age (mean age, 66.3
years) in a general population of Ohasama, Japan. The
relationships between silent cerebrovascular lesions (white
matter hyperintensity and lacunar infarct) detected on MRI
and four blood pressure groups [sustained normal blood
pressure (SNBP), HBP <135/85 mmHg, CBP <140/

90 mmHg; white-coat hypertension, HBP <135/85 mmHg,
CBP 2140/90 mmHg; MHT, HBP >135/85 mmHg, CBP
<140/90 mmHg; sustained hypertension, HBP >135/

85 mmHg, CBP >140/90 mmHg] were examined using
multivariate analysis adjusted for possible confounding
factors.

Results The odds ratios of sustained hypertension (1.74,
95% confidence interval 1.18-2.57) and MHT (2.31, 95%
confidence interval 1.32~4.04) for the presence of silent
cerebrovascular lesions were significantly higher than the
odds ratio of SNBP, whereas there was no significant
difference between white-coat hypertension and SNBP
(1.03, 95% confidence interval 0.75~1.41). The odds ratios
for the presence of either lacunar infarct or white matter
hyperintensity in the four groups were similar to those for
silent cerebrovascular lesions.

Introduction

The measurement of blood pressure (BP) outside
medical settings has identified a subgroup of individuals
with white-coat hypertension (WCHT) [1], who have
persistently elevated casual blood pressure (CBP) but
normal home blood pressure (HBP) or ambulatory blood
pressure (ABP), and a subgroup of individuals with
masked hypertension (MHT) [2], who have normal
CBP bur elevated HBP or ABP. Several studies have
confirmed the existence of WCHT, but controversy
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remains as to whether WCHT is a benign condition
[3-6] or is linked to an increased risk of target organ
damage and a worse prognosis [7-11]. With respect to
MHT, some data support the hypothesis that individuals
with MHT may have a worse prognosis [5,6,12,13].

Silent cerebrovascular lesions (SCLs), seen as white
matter hyperintensity (WMH) and lacunar infarcts, are
frequently observed on MRI scans of elderly individuals.
SCLs constitute an independent predictor of the risk of
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symptomatic stroke {14,15] and are associated with cog-
nitive impairment or dementia [16]. Hypertension is a
major risk factor for SCLs [17,18].

However, there have been no data on che risk of SCLs
in patients with MHT. With respect to WCHT, only two
studies have reported that the risk of SCLs in the WCHT
group as determined by ABP was not significantly differ-
ent from that in the sustained normal blood pressure
(SNBP) group, burt it was significantly less than thatin the
sustained hypertension (SHT) group {4,19,20]. However,
no studies have investigated the risk of SCLs in individ-
uals with WCHT as determined by HBP. ABP monitor-
ing is expensive and usually impractical for most patients.
Therefore, it could be worthwhile to examine whether
the risk of SCLis in WCHT determined by HBP is similar
to that determined by ABP. The objective of this study
was to compare the risk of SCLs in individuals from the
general Japanese population with WCHT, MHT, SNBP,
and SHT using HBP.

Methods

Design

This study was a part of the Ohasama scudy, an HBP
measurement project. The socioeconomic and demo-
graphic characteristics of this region and full details of
the project have been described elsewhere [21].

Study population

The details of the selection of study participants have
been described previously [22]. In 1998, the total popu-
lation of Ohasama was 7202. Of these inhabitants, 3077
were 55 years of age or above. Individuals who were
hospitalized, mentally ill, or bedridden were excluded
from the study (# = 185). Individuals who worked outside
the town were also excluded (#=492), as our project
included ABP measurements, and public health nurses
needed to visit the participants to attach a device for ABP
monitoring on workdays. Of the remaining 2400 eligible
individuals, 1060 (44.2%, mean age 66.3£5.9 years,
67.5% women) gave their informed consent, measured
their HBP, completed MRI examinations, and provided
details of their medical histories and cardiovascular
risk factors,

Silent cerebrovascular lesions

The evaluation of SCLs using MRI has been reported
elsewhere [22]. SCLs were defined as WMH of grade 1 or
more, presence of lacunar infarcts, or any combination of
these findings.

Blood pressure measurements

HBP was measured with the HEM701C (Omron Health-
care Co. Ltd., Kyoto, Japan), a semi-automatic device
based on the cuff-oscillometric method [23], which gen-
erates a digital display of both systolic blood pressure
(SBP) and diastolic blood pressure (DBP). The standard

arm cuff was used for HBP measurement; almost all
participants had an arm circumference between 22 and

34cm [21].

Physicians or public health nurses or both instructed
participants about how to take HBP measurements.
Participants were asked to measure their BP every morn-
ing within 1 h of waking, in the sitting position, after more
than a 2-min interval of rest, and to record the results over
a 4-week period. Participants on antihypertensive drugs
measured their BP before taking their medication.
During a 4-week period, participants were also asked
to measure their BPs once in the evening just before
going to bed. Participants were allowed to measure their
own BP two or more times and were asked to record all
measurements on the worksheet on each occasion,
although only the first measurement value on each
occasion was used for averaging and evaluation of
HBP, in order to exclude selection bias by the partici-
pants [24]. The mean (& SD) number of rotal HBP
measurements was 48.9 + 11.4 (morning, 24.7 +5.7; eve-
ning, 24.2 +6.3).

At the time of MRI examination, a physician measured
the CBP twice consecutively with the participant sicting
after a minimum 2-min rest interval using a mercury
sphygmomanometer or an automatic device (HEM907,
Omron Healthcare Co. Ltd.,, Kyoto, Japan). CBP
measurements were taken during the daytime from
10:00 to 13:00 or from 14:00 to 16:00h. The average
of the two readings was defined as the CBP.

Both the HBP measuring device and the CBP measuring
device used in the present study were validated pre-
viously [23,25] and met the criteria of the Association for
the Advancement of Medical Instrumentation [26].

Participant categorization based on blood pressure
levels

Participants were classified into four groups on the basis
of their HBP and CBP levels: SNBP, with systolic CBP of
less than 140mmHg and diastolic CBP of less than
90 mmHg, and systolic HBP of less than 135mmHg
and diastolic HBP of less than 85 mmHg; WCHT, with
systolic CBP of at least 140 mmHg or diastolic CBP of at
least 90 mmHg or both, and systolic HBP of less than
135mmHg and diastolic HBP of less than 85 mmHg;
MHT, with systolic CBP of less than 140 mmHg and
diastolic CBP of less than 90 mmHg, and systolic HBP of
at least 135 mmHg or diastolic HBP of at least 85 mmHg
or both; and SHT, with systolic CBP of at least
140 mmHg or diastolic CBP of at least 90 mmHg or both,
and systolic HBP of at least 135 mmHg or diastolic HBP
of at least 85 mmHg or both. Cut-off values were derived
from several guidelines [27-30]. The average of all HBP
values measured in the morning and the evening was first
used for the classification. Then, the average of the HBP
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values measured in the morning and the evening,
respectively, was used in the additional analysis. In the
present analysis, the SNBP group included untreated
individuals with ‘SNBP’ and treated individuals with
‘controlled SNBP’. The WCHT group included
untreated individuals with ‘WCHT” and treated individ-
uals with uncontrolled BP status only in medical settings.
Similarly, the MHT group included untreated individ-
uals without previous evidence of high BP in the medical
setting and treated patients with ‘masked uncontrolled
hypertension’, which would represent unconrrolled BP
status ‘masked’ by the use of CBP measurement alone.
The SHT group included untreated individuals with
‘SHT’ and treated individuals with uncontrolled BP
status in both home and medical settings. These concepts
are consistent with those used in previous studies
[12,13,31] and are based on previous reports showing
thart an insufficient duration of action of antihypertensive
drugs represents an important factor in causing higher

HBP or ABP compared with CBP [32].

Biochemical examinations

A nonfasting blood sample was drawn to measure serum
levels of total cholesterol (TC), glucose, and glycosylated
hemoglobin (HbA,). Participants were asked whether
they smoked, drank, used medication for hypertension,
hypercholesterolemia, or diabetes mellitus, and had a
history of cardiovascular disease, hypercholesterolemia,
or diabetes mellitus. Hypercholesterolemia was defined
as a TC of at least 220 mg/dl, the use of medication for
hypercholesterolemia, a history of hypercholesterolemia,

Silent stroke in masked hypertension Hara et al, 1051

or all three. Diabetes mellicus was defined as a fasting
glucose level of at least 126 mg/dl, a nonfasting glucose
level of at least 200 mg/dl, an HbA,. level of at least 6.5%,
the use of medication for diabetes, a history of diabetes
mellitus, or all five.

Data analysis

The SCL indices, WMH and lacunar infarcts, were
compared among the four groups using the x* test. A
logistic regression model was used to adjust for berween-
group differences in cardiovascular risk factors. Further-
more, a multiple logistic regression model was used to
investigate factors associated with MHT among partici-
pants whose CBP was lower than 140/90 mmHg. Asso-
ciations between SCL indices and cardiovascular risk
factors were examined using logistic regression analysis,
in which cardiovascular risk factors were introduced as
independent variables. SAS software, version 9.1 (SAS
Institute Inc, Cary, North Carolina, USA) was used for all
statistical analyses, and a two-tailed P value of less than
0.05 was considered statistically significant.

Results

Silent cerebrovascular lesions in the four groups

With respect to the proportion of risk factors that were
present, individuals with MHT were similar to those with
SHT, whereas individuals with WCHT had character-
istics similar to those with SNBP (Table 1). When the
average of two HBP values measured once in the morning
and in the evening on the first day was used for classi-
fication (the same number of measurements as CBP), the

Table 1 Population characteristics classified by threshold of blood pressure normality by measurement method
SNBP WCHT MHT SHT P
Number of individuals, n (%) 456 (563) 312 (29) 90 (9) 202 (19)
Men, % 26 31 52 41 <0.0001
Age, year 6616 666 70+86 877 <0.0001
BMI, kg/m? 23+3 2443 24+3 25+3 <0.0001
Blood pressure, mmHg
Home
All
Systalic 11610 12218 140+ 7 143+ 9 <0.0001
Diastolic 70+7 737 83+8 83+7 <0.0001
Morning
Systalic 118+ 11 1256410 142+9 146+ 10 <0.0001
Diastolic 714+7 757 8518 85+8 <0.0001
Evening
Systolic 116+ 10 120+ 10 137 +8 141 +10 <0.0001
Diastolic 6947 717 82+8 8147 <0.0001
Casual
Systolic 124+ 10 154+ 13 130+9 161 +18 <0.0001
Diastolic 72+8 82+10 7549 86412 <0.0001
Smaker, % 14 18 35 26 <0.0001
Drinker, % 25 27 26 36 0.045
Antihypertensive medication, % 23 39 71 63 <0.0001
Hypercholesterolemia, % 34 39 27 42 0.061
Diabetes, % 14 14 23 16 0.13
Atrial fibrillation, % 3 2 3 3 0.77
Cardiovascular disease, % 9 14 14 18 0.008
Silent cerebral fesions, % 42 46 74 62 <0.0001
WMH, % 36 40 63 57 <0.0001
Lacunar infarcts, % 20 22 53 38 <0.0001

BMI, body mass index; MHT, masked hypertension; SHT, sustained hypertension; SNBP, sustained normal blood pressure; WCHT, white-coat hypertension; WMH, white

matter hyperintensity.
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QOdds ratios and 95% confidence intervals for the presence of silent
cerebrovascular lesions in the four groups classified by blood pressure
threshold. Adjusted for age, sex, BMI, smoking status, drinking status,
antihypertensive medication, and history of cardiovascular disease,
atrial fibrillation, hypercholesterolemia, or diabetes. Cl, confidence
interval; MHT, masked hypertension; OR, odds ratio; SHT, sustained
hypertension; SNBP, sustained normal blood pressure; WCHT, white-
coat hypertension. *P < 0.05 vs. SNBP,

proportion of treated patients in the MHT group
decreased from 71.1 to 56.4%, whereas the proportions
of treated patients in the SNBP, WCHT, and SHT
groups were similar (21.2, 38.4, and 57.2%, respectively).

The adjusted odds ratios (ORs) for the presence of SCLs
were significantly higher for SHT (Fig. 1). In all four
groups, the adjusted ORs for either WMH or lacunar
infarcts were similar to those observed for SCLs (Fig. 2).

Use of antihypertensive medication did not significantly
interact with any of the above results (all P for interaction
>0.2) [SCLs of untreated participants: WCHT vs. SNBP,
OR 1.09, 95% confidence interval (CI) 0.74-1.62; MHT
vs. SNBP, OR 1.89, 95% CI 0.78-4.57; SH'T' vs, SNBP,
OR 2.08,95% CI 1.18~3.67; SCLs of treated participants:
WCHT vs. SNBP, OR 0.87, 95% CI 0.50-1.51; MHT vs.
SNBP, OR 2.12,95% CI 0.97-4.63; SHT vs. SNBP, OR
1.39, 95% CI 0.78-2.45].

Similar trends were observed when the four groups were
classified on the basis of the average of HBP wvalues
measured either in the morning or in the evening (data
not shown). When the average of two HBP values
measured once in the morning and once in the evening
on the first day was used, a lesser trend was observed for
the difference in the risk of SCLs among the four groups
(datra not shown).

Compared with the SNBP group, the MHT group was
characterized by male gender (P <0.0001) and obesity
(£=10.003), habitual smoking (P < 0.0001), higher HBP
and CBP (P <0.0001), presence of renal dysfunction
(P=0.0507), and the use of antihypertensive drugs
(P <0.0001). In the logistic regression analysis that was
further adjusted for these factors, the OR for the risk of
SCLs with MHT compared with SNBP was 2.31 (95% CI
1.32-4.04).

Risk factors associated with silent cerebrovascular
lesions

Independent associations between cardiovascular risk
factors and the presence of SCLs are presented in
Table 2. Overall, the significant determinants for the

Fig. 2
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Odds ratios and 95% confidence intervals for the presence of white matter hyperintensities and lacunar infarcts in the four groups classified by blood
pressure threshold. Adjusted for age, sex, BMI, smoking status, drinking status, antihypertensive medication, and history of cardiovascular disease,
atrial fibrillation, hypercholesterolemia, or diabetes. Cl, confidence interval; MHT, masked hypertension; OR, odds ratio; SHT, sustained
hypertension; SNBP, sustained normal blood pressure; WCHT, white-coat hypertension. *P < 0.05 vs. SNBP.
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Table 2 Odds ratios and 95% confidence intervals for silent
cerebral lesions associated with cardiovascular risk factors
(n=1060)

OR 95% Cl P
Sex (male : female) 1.08 0.71-1.64 0.73
Age (per 10-year increase) 2.71 2.11-3.49 <0.0001
BMI (>25kg/m?: <26kg/m?) 076  0.56-1.02 0.066
Home SBP (per 10 mmHMg increase) 1.18 1.06~1.34 0.0067
Casual SBP (per 10 mmHg increase) 0.98 0.81~1.06 0.56
Smoker (smokers : nonsmokers) 0.99 0.64-1.54 0.97
Drinker (drinkers : nondrinkers) 1.08 0.74-1.568 0.69
Antihypertensive medication 2.02 1.51-2.72 <0.0001

(treated : untreated)

Hypercholesterolemia (present: absent) 1.08 0.79-1.40 0.72
Diabetes (present : absent) 1.06 0.73-1.62 0.78
Atrial fibrillation (present : absent) 1.04 0.41-2.63 0.93
CVD (present : absent) 1.31 0.84-2,04 0.24

BMI, body mass index; Cl, confidence interval; CVD, cardiovascular disease; OR,
odds ratio; SBP, systolic blood pressure.

presence of SCLs were older age, higher home SBP
values, and the use of antihypertensive medication.
Casual SBP was not a significant determinant for the
presence of SCLs when home SBP was simultaneously
included in the same regression model (Table 2). When
home and casual DBP were entered into this model
instead of SBP, home DBP was also a significant deter-
minant of the presence of SCLs [OR per 10 mmHg
increase in DBP: home DBP, 1.51 (95% CI 1.24-1.84),
P <0.0001; casual DBP, 0.94 (95% CI 0.81-1.08),
P=0.38].

Associations between cardiovascular risk factors and the
presence of WMH or lacunar infarcts, respectively, were
similar to the associations between cardiovascular risk
factors and the presence of SCLs (Tables 3 and 4).
Results were similar to those described above when
HBP was defined on the basis of the averages of either
the morning or evening values (data not shown). Further-
more, the average of two HBP values measured once in
the morning and once in the evening on the first day,
which includes the same number of measurements as

CBP, had a stronger relationship with SCLs than CBP

Table 3 Odds ratios and 95% confidence intervals for white matter
?yperinter;sity associated with cardiovascular risk factors
n=1060,

OR 95% Cl P
Sex (male : female) 0.95 0.62-1.44 0.80
Age (per 10-year increase) 2.63 2.04-3.37 <0.,0001
BMI (>26kg/m?: <25kg/m?) 085  0.84-1.14 0.29
Home SBP (per 10 mmHg increase) 1.18 1.06~1.33 0.0085
Casual SBP (per 10 mmHg increase} 1.00 0.93-1.08 0.96
Smoker (smokers : nonsmokers) 1.09 0.70-1.70 0.69
Drinker (drinkers : nondrinkers) 0.91 0.63-1.34 0.65
Antihypertensive meadication 1.78 1.33-2.37 0.0001

(treated : untreated)

Hypercholesterolemia (present: absent) 0.97 0.73-1.29 0.83
Diabetes (present : absent) 1.10 0.77~1.68 0.61
Atrial fibrillation (present : absent) 1.02 0.42~2.47 0.96
CVD (present :absent) 1.14 0.74~1.76 0.65

BM, body mass index; Cl, confidence interval; CVD, cardiovascular disease; OR,
odds ratio; SBP, systolic blood pressure.

Silent stroke in masked hypertension Hara et al, 1053

Table 4 Odds ratios and 95% confidence intervals for lacunar
infarcts associated with cardiovascular risk factors (n = 1060)

OR 95% Cli P
Sex (male : female) 1.62 0.97-2.38 0.069
Age (per 10-year increase) 2.74 2.07-3.61 <0.0001
BMI {(>25kg/m?: <25 kg/m®?) 0.84 0.60-1.17 0.31
Home SBP (per 10 mmMg increase) 1.20 1.056-1.37 0.0063
Casual SBP (per 10 mmHg increase) 0.96 0.88-1.04 0.32
Smoker {(smokers : nonsmokers) 0.84 0.53-1.35 0.47
Drinker {drinkers : nondrinkers) 1.24 0.81~1.89 0.32
Antihypertensive medication 2.08 1.61-2.87 <0.0001

{treated : untreated)

Hypercholesterolemia (present : absent) 1.02 0.73~1.41 0.93
Diabetes (present: absent) 1.02 0.69~1.52 0.93
Atrial fibrillation {present : absent) 1.43 0.69-3.46 0.43
CVD (present : absent) 1.46 0.93-2.29 0.097

BMI, body mass index; Cl, confidence interval; CVD, cardiovascular disease; OR,
odds ratio; SBP, systolic blood pressure.

values, although the OR per 10 mmHg increase in HBP
value decreased (data not shown).

Discussion

Using HBP measurement, a specific group of individuals
with MHT was identified in the current population of
relatively older Japanese individuals. In previous studies,
the degree of hypertensive target organ damage was
significantly higher in individuals with MHT than in
those with SNBP and similar to that in individuals with
SHT [31,33-37]. SCLs, such as WMH and lacunar
infarcts, are also evidence of hypertensive target organ
damage. The present study is the first to demonstrate that
the risk of SCLs was higher with MHT than with SNBP
and similar to that wich SHT.

In the present study, the MHT group included both
treated patients with good clinic BP control but poor
BP control outside the clinic and untreated individuals
without previous evidence of high BP in the medical
setting. These two conditions (treated MHT and
untreated MHT) might have different pathophysiolo-
gies. Untreated MHT has been reported to be associated
with older age and smoking [38]. On the contrary, in the
present study, a large proportion of treated MHT patients
was included. The explanation for this is attributable to
when the BPs were measured and when antihypertensive
drugs were taken [38]. Early morning, before taking
antihypertensive drugs, is the time that the effect of
antihypertensive medication is minimum, whereas later
in the morning is the time that the effect of this medi-
cation would be maximum. Thus, HBP measurement in
the morning would provide a higher value than the CBP.
Another possibility is that individuals who are being
treated medically might be accustomed to medical set-
tings and exhibit a lower BP increase in a medical setting
than those who are not undergoing treatment, It is
clinically very important that treated MHT patients
constitute a large proportion of MHT patients. Such
patients have masked uncontrolled hypertension, in that
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their poor BP control could continue to be masked with-
out HBP measurement.

It is well known that hypertensive patients with uncon-
trolled BP have a higher cardiovascular risk and greater
organ damage as well as more white matter lesions [39-
41]. However, in the present study, there was no differ-
ence berween treated and untreated participants in terms
of the principal study result. However, the higher risk was
greater for treated patients, although the heterogeneity
was not significant (P> 0.2). These resules suggest that
independent of antihypertensive treatment, high HBP,
even with normal CBP, is associated with a risk of SCLs.

In the present study, the risk for SCLs was lower in
WCHT patients than in SHT and MHT ones and equal
to that in SNBP individuals. Similar results with respect
to the risk for SCLs with WCHT as determined by ABP
were obtained in the three previous studies [4,19,20].
However, some long-term studies have shown that
WCHT is not a benign condition {8-11]. Thus, the risk
for SCLis in WCHT patients might increase over the long
term. Therefore, WCHT remains a condition that war-
rants careful follow-up.

The difference in the number of BP measurements might
be associated with the risk of the four groups. Therefore,
a sensitivity analysis according to the number of HBP
measurements was performed. In the present study, CBP
was defined as the average of two measurements; thus,
the average of the first two HBP values was used. The
resules showed a less marked tendency in the difference
in the risk of SCLs among the four groups. These results
were consistent with our previous results that showed
that the number of BP measurements was also important
[42]. It is possible that office BP measured many times
may have a predictive value equivalent to that of HBP
[43], although it is generally difficult to obtain multiple
office BP measurements under usual clinical settings.

The possibility of selection bias needs to be considered
when generalizing the present findings, as the participa-
tion rate of the study participants was only 44.2%. In
addition, marked differences exist in the epidemiology of
cardiovascular disease between Japan and the United
States or European countries. Thus, further research
on other ethnic and cultural populations is needed
to confirm the generalizability of the present study’s
findings.

CBP measurements alone may not identify individuals
with MHT and WCHT, but HBP measurements can be
used to identify such individuals. Further prospective
studies dealing with the associations between SCLs and
MHT or WCHT are necessary. Given the present study’s
findings, HBP measurement has the potential to become
a valuable tool for predicting SCLs.
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Influence of Alcohol Intake on Circadian
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BACKGROUND

Both a large habitual alcohol intake and a pattern of circadian blood
pressure (BP) variation characterized by a high morning/daytime

BP have been reported to be risk factors for cerebral hemorrhage.
Therefore, the association between these two factors was examined.

METHODS

A total of 194 men in the general population of Ohasama underwent
ambulatory BP measurement, completed a lifestyle questionnaire,
and were classified into three categories according to current alcohol
consumption: nondrinkers, light drinkers, and heavy drinkers.
Two-hour moving averages of BP (2h-BP) were used to compare

BP variation during a 24-h period among the drinking categories.
2h-BP Dif (defined as 2h-BP 2 h after waking minus 2h-BP 2 h before
waking) and the percentage decline in nocturnal BP were also

Several prospective studies have reported that heavy alcohol
intake increases the risk of stroke, especially hemorrhagic
stroke.!~* Moreover, we previously demonstrated that a high
morning/daytime blood pressure (BP) was associated with an
increased risk of cerebral hemorrhage.>® Therefore, circadian
BP variation may be associated with alcohol intake.

A previous experimental study demonstrated that repeated
alcohol intake causes biphasic changes in BP, decreasing BP
for several hours after alcohol intake and increasing it from 6h
after the last drink.” Another experimental study reported that
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assessed as indicators of circadian BP variation. Multivariate analysis
was conducted after adjustment for possible confounding factors
including daily salt intake.

RESULTS

Analysis of 2h-BP revealed that BP variation in drinkers had specific
characteristics: a rapid BP increase before waking and higher
morning BP levels (P = 0.0001). 2h-BP Dif was significantly higher

in heavy drinkers than in nondrinkers (P = 0.04), while there was no
significant association between drinking status and the magnitude
of the nocturnal BP decline.

CONCLUSION
Habitual alcohol intake was associated with a higher 2h-BP Dif,

Am J Hypertens 2009; 22:1171-1176 © 2009 American journal of Hypertension, Ltd.

restriction of alcohol intake reduced daytime BP but not night-
time BP.% However, as these studies were conducted in hospital-
ized hypertensive patients, the generalizability of these findings
to subjects in the general population has not been established.

Recently, Ohira et al.” reported that habitual alcohol intake was
positively associated with higher daytime BP and a large morning
BP surge among middle-aged Japanese men in four communi-
ties with heterogeneous characteristics. However, as these studies
were conducted in hospitalized hypertensive patients, the general-
izability of their findings to populations including treated hyper-
tensive patients was also unclear. Furthermore, although alcohol
intake is known to be associated with dietary factors related to BP,
such as salt intake, they did not adjust for any dietary factors.

Therefore, in this study, the relationship between habitual
alcohol intake and circadian BP variation was investigated
in a general male Japanese population that included treated
patients, after adjustment for dietary salt intake.

METHODS

Design. This cross-sectional investigation was part of the
Ohasama study, a community-based project to measure ambula-
tory BP. The socioeconomic and demographic characteristics of
this region and the full details of the project have been described
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elsewhere.>%1011 The institutional review board of Tohoku
University School of Medicine and the Department of Health of
the Ohasama Town Government approved the study protocol.

Data collection. Individual information about habitual alcohol
intake, smoking consumption, antihypertensive medication, and
history of stroke, heart disease, diabetes mellitus, and hypercho-
lesterolemia was obtained from a standardized, self-administered
questionnaire. These data were confirmed by participant inter-
views with trained public health nurses at a health check-up, as
well as by the medical records kept at the Ohasama Hospital.

The question on habitual alcohol intake was worded, “Do
you drink alcoholic beverages?,” and the subjects were asked
to themselves choose one of three options to describe their
drinking status: current drinker, former drinker, or life-long
abstainer (nondrinker).

Current drinkers reported their frequency of consumption as
one of four categories: almost daily, 3-4 days/week, 1-2 days/
week, and <1 day/week. Furthermore, they were asked about bev-
erage type usually consumed (sake, spirits, beer, whiskey, wine, or
others) and amount per occasion; this information was recorded
as “5 go or more;” “4 go,” “3 go,” “2go,” “1 go,” or “less than 1 go” (a
go is a traditional Japanese unit containing 22.8 g of ethanol). One
go is equal to ~180ml of sake, and it corresponds to two meas-
ures of spirits (50ml), one bottle (633 ml) of beer, two single shots
(75ml) of whiskey, or two glasses of wine (200 ml). The amount of
ethanol per day was calculated as follows: the amount consumed
per occasion multiplied by the frequency of alcohol consumption
per week divided by seven. This self-reporting of alcohol con-
sumption has been previously validated, as evidenced by a high
correlation with objective data from liver function tests.!?

For the assessment of smoking status, the questionnaire first
asked whether subjects were current, ex-, or never smokers; the
subjects themselves chose the answers. Current smokers were
further asked about the average number of cigarettes smoked
per day. The subjects were then classified into four categories:
“heavy smokers (220 cigarettes per day),” “moderate smokers
(<20 cigarettes per day),” “exsmokers,” and “never smokers.”

Hypertension was defined as a 24-h average ambulatory
BP 2130 mmHg systolic or 80 mm Hg diastolic or the use of
antihypertensive drugs.!>14

Hypercholesterolemia was defined as total cholesterol
25.68 mmol/1 (220 mg/dl), use of medication for hypercholes-
terolemia, based on the Japan Atherosclerosis Society
guidelines,’® and/or a history of hypercholesterolemia.
Diabetes mellitus was defined as a random blood glucose level
211.11 mmol/l (200 mg/dl), HbA, _level 26.5%, use of medica-
tion for diabetes, according to the criteria of the Japan Diabetes
Society,!6 and/or a history of diabetes mellitus.

A standardized methodology was used to calculate dietary
salt intake (NaCl) from data obtained in a Japanese version of a
food-frequency questionnaire. The reproducibility and validity
of this questionnaire were previously reported in detail. 1718

Study population. In 1998, the total population of Ohasama was
7,202, of which 3,077 were 255 years of age. Individuals (n = 492)

1172
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who were not at home during the normal working hours of the
study nurses, and those who were hospitalized, mentally ill,
or bedridden (n = 185) were not eligible for inclusion. Of the
remaining 2,400 eligible individuals, 705 (29%) provided writ-
ten informed consent to participate in the ambulatory BP moni-
toring study. In total, 26 subjects whose ambulatory BP was not
adequately measured were excluded. In this study, women (n =
450) were excluded because of the small number of drinkers in
this group. Individuals who did not respond to the question-
naire about lifestyle and health (n = 19), as well as former drink-
ers, because their health was likely to be poor (n = 16), were also
excluded. Therefore, the study population consisted of 194 men.
These subjects were then classified into three categories accord-
ing to calculated daily alcohol consumption: nondrinkers, light
drinkers (consuming <22.8 g/day of alcohol), and heavy drink-
ers (consuming 222.8 g/day of alcohol) (ref. 19).

Ambulatory BP monitoring and devices. Ambulatory BP moni-
toring was performed using the ABPM-630 (Nippon Colin,
Komaki, Japan), a fully automatic device that utilizes the cuff-
oscillometric method to measure BP and heart rate (HR). This
was preset to measure BP and HR every 30 min. The device
was attached by well-trained public health nurses who visited
the participants’ homes on a weekday morning and detached
the device the next morning. Participants were asked to report
their daily activities, including the time they went to bed and
the time they got up. Artifactual measurements during record-
ings were defined according to previously described criteria?®
and were omitted from the analysis.

The averages of four systolic BP (SBP) readings obtained
every 30 min during each consecutive 2-h period (moving
averages) were defined as the “2h-SBPs”® When any readings
were omitted due to artifactual measurements, the remain-
ing readings (minimum of one) obtained during the 2 h were
used for the calculations. The 2-h diastolic moving aver-
ages (2h-DBPs) and 2-h HR moving averages (2h-HRs) were
defined in the same manner as the 2h-SBPs.

Calculation of the 2h-BP difference and the nocturnal decline in
BP. The amplitude of the 2h-BP difference (2h-BP Dif) in SBP
was calculated as follows:

2h-BP Dif in SBP = (2h-SBP 2h after waking)
—(2h-SBP 2h before waking)

The percentage decline in nocturnal SBP was calculated as
follows:?!

Nocturnal decline in SBP = { daytime SBP — night-time SBP)
% 100/daytime SBP

The 2h-BP difference in DBP and the percentage decline in
nocturnal DBP were calculated in the same manner.
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Statistical analysis. Analysis of variance and the y*-test were
used for comparisons among the three groups. The associations
between habitual alcohol intake and adjusted mean values of
ambulatory BP, 2h-BP, 2h-BP Dif, and nocturnal decline were
estimated using analysis of covariance and adjusted for age,
smoking, obesity (body mass index >25 kg/m?) (ref. 22), use of
antihypertensive drugs, a history of diabetes mellitus, hyper-
cholesterolemia, heart disease, stroke, and dietary salt intake.
Tukey’s multiple comparison test was carried out on continu-
ous variables in the analysis of variance or analysis of covari-
ance. 2h-BP Dif and nocturnal decline were further adjusted
for 24-h average ambulatory SBP. Two-hour moving averages
were examined by a mixed linear model with confounding
factors as the fixed effect and subject as the random effect.

A two-tailed P value <0.05 was taken to indicate statistical
significance. A two-tailed P value <0.002 (0.05 divided by 24)

ARTICLES

was also taken to indicate statistical significance when the
Bonferroni correction was applied, because each 2h-BP and
each 2h-HR was calculated 24 times. Statistical analysis was
performed using the SAS package (version 9.1; SAS Institute,
Cary, NC).

RESULTS

Characteristics

Table 1 shows the subjects’ characteristics. As alcohol
intake increased, mean age decreased, while the propor-
tion of obese subjects increased. None of the study subjects
were exsmokers. Daytime SBP, 24-h and daytime DBP, and
24-h and night-time HR levels rose with increasing alcohol
intake. After adjustment for possible confounding factors,

only night-time HR was significantly associated with alcohol
intake (Table 2).

Table 1| Population characteristics classified by alcohol consumption status

Nondrinkers Light drinkers Heavy drinkers P2
Number of subjects 43 86 65
Age, years 6917 67+6 66 £ 5% 0.02
BMI>25kg/m?,% 26 26 42 0.08
Ambulatory BP
24-h
Systolic, mmHg 12614 128112 131+ 1 0.13
Diastolic, mmHg 73+7 75+7 77 +6* 0.01
Heart rate, bpm 65+7 6617 68+8 0.05
Daytime
Systolic, mmHg 130114 133+13 136 +£12% 0.04
Diastolic, mmHg 778 79%7 81+7* 0.01
Heartrate, bpm 708 71+8 73%9 0.15
Nighttime
Systolic, mmHg 118114 119+14 12012 0.78
Diastolic, mmHg 67+8 698 69+7 0.20
Heart rate, bpm 5717 58+ 7% 61+8% 0.01
Smoking® 0.21
Never smoker, % 44 44 26
Moderate smoker, % 27 25 34
Heavy smoker, % 29 30 40
Antihypertensive 42 49 63 0.07
treatment, %
History of
Hypertension, % 56 72 82 0.01
Hypercholesterolemia, % 21 24 20 0.79
Diabetes, % 28 21 22 0.65
Stroke, % 16 15 1 0.66
Heart diseases, % 19 19 12 0.54
Saltintake, g/day 11£8 1511 159 0.07

Data are presented as meansts.d.
BMI, body mass index; BF, blood pressure; bpm, beats per minute.

20verall comparisons made by analysis of variance for continuous variables and 2 for categorical variables. PThere was no exsmoker among the study subjects. *P < 0.05 vs. nondrinkers

by Tukey's multiple comparison test in the analysis of variance.
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Table 2| Adjusted mean ambulatory blood pressures

Alcohol and Blood Pressure

Non-drinkers Light Drinkers Heavy Drinkers P2

24-h

Systolic, mmHg 12742 128+1 12941 0.52

Diastolic, mmHg 74+1 75+1 76+ 1 037

Heart Rate, bpm 66+ 1 66+ 1 68+ 1 0.21
Daytime

Systolic, nmHg 1312 133+1 135+2 0.33

Diastolic, mmHg 78%1 79%1 80+1 0.30

Heart Rate, bpm 701 711 72+1 0.55
Night time

Systolic, mmHg 118+2 120+1 1192 0.85

Diastolic, mmHg 67 %1 69+1 691 0.67

Heart Rate, bpm 57+1 581 61+ 1* 0.01

Data are presented as means £ s.e. {adjusted for age, smoking, obesity, use of antihypertensive drugs, as well as for history of diabetes meliitus, hypercholesterolernia, heart disease,

stroke, and saltintake)

3p:Overall comparisons made by analysls of covariance for continuous variables and 2 for categorical variables.

*P < 005 vs.nondrinkers by Tukey's multiple comparison test in the analysis of covariance.
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Figure 1| Moving averages of blood pressure (BP) and heart rate (HR) by
drinking status. Moving averages of BP (systolic/diastolic) and HR were adjusted
for age, smoking, obesity, use of antihypertensive drugs, and history of diabetes
mellitus, hypercholesterolemia, heart disease, stroke, and dietary salt intake.

*P < 0.05 vs. nondrinkers, tP < 0.002 vs. nondrinkers (Bonferroni adjustment).
There was a significant trend in the 2-h moving average across the categories of
drinking consumption by a mixed linear model with confounding factors as the
fixed effect and subject as the random effect (P < 0.0001).
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Circadian BP variation by drinking category

As shown in Figure 1, morning 2h-SBP and 2h-DBP were
significantly higher in light and heavy drinkers than in non-
drinkers. Even after the Bonferroni adjustment for multiple
assessments, 2h-SBP 2h after waking remained significantly
higher in heavy drinkers than in nondrinkers. Thus, “2h-BP
Dif” was defined as (2h-BP 2 h after waking — 2h-BP 2 h before
waking). The 2h-HR 6-7h before waking, the period approxi-
mately corresponding to the time just before and after going
to bed, was significantly higher in heavy drinkers than in non-
drinkers after the Bonferroni adjustment, whereas this trend
was not observed in light drinkers. There was a significant
trend in the 2-h moving average across the categories of drink-
ing consumption (P < 0.0001).

2h-BP Dif and nocturnal decline in BP

Figure 2 shows the 2h-BP Dif for SBP and DBP. The 2h-BP Dif
for SBP was significantly higher in heavy drinkers than in non-
drinkers (P = 0.044/0.24 for SBP/DBP). Similar trends were
also observed when smokers were excluded (nondrinkers, 5.5 +
4.1/5.2 + 2.7mmHg; light drinkers, 15.9 + 2.8/9.2 + 1.8 mmHg;
heavy drinkers, 22.2 + 4.5/19.0 + 3.0mm Hg; P for overall com-
parison = 0.03/0.01). The nocturnal declines in both SBP and
DBP did not differ significantly among the drinking categories
(nondrinkers, 9.7%; light drinkers, 10.2%; heavy drinkers, 11.7%;
both P for overall comparison >0.1). The exclusion of those with
a history of stroke produced similar results (data not shown).

DISCUSSION
The results of this study demonstrate that habitual alcohol
intake was associated with a higher 2h-BP Dif among menin a
general population, adjusting for possible confounding factors
including dietary salt intake.

We previously reported that elevated morning BP levels
were most closely associated with the risk of hemorrhagic
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Figure 2 | Two-hour blood pressure (2h-BP) difference (Dif) by drinking status.
2h-BP Dif (systolic/diastolic) was adjusted for age, smoking, obesity, use of
antihypertensive drugs, history of diabetes mellitus, hypercholesterolemia,
heart disease, stroke, and dietary saltintake and 24-h average ambulatory
blood pressure (mean * s.e.). *P < 0.05 vs. nondrinkers by Tukey’s multiple
comparison test in the analysis of covariance.

stroke.>® Because heavy alcohol intake is known to increase
the risk of stroke, especially hemorrhagic stroke,!™* it is
possible that a higher risk of hemorrhagic stroke in heavy
drinkers is, in part, mediated by the effects of alcohol on cir-
cadian BP variation, although the present results could not
show any direct evidence of this. Further prospective stud-
ies are necessary to elucidate the associations among alcohol
intake, circadian BP variation, and the future risk of hemor-
rhagic stroke.

As shown in Figure 1, 2h-BPs 6-8 h before waking, the
period approximately corresponding to the time just before
and after going to bed, were lower in drinkers than in non-
drinkers, whereas the 2h-BPs before waking were higher in
drinkers. This may be a possible explanation for the fact that
habitual alcohol intake was not associated with the degree of
nocturnal BP decline in this study.

The prevalence of heavy smoking was 30% higher in heavy
drinkers than in nondrinkers. However, when smokers were
excluded, similar results were obtained. Therefore, we believe
that we observed the effects of alcohol, not smoking.

The mechanisms of the pressor and depressor effects of alco-
hol have not been clarified. The depressor mechanism of alco-
hol intake is considered to be direct vasodilation, because total
peripheral resistance decreases with BP reduction.” There are
several possible explanations for the BP elevation caused by
alcohol, including increased sympathetic activity and activa-
tion of the renin-angiotensin system.?3

This study must be interpreted within the context of its
potential limitations. First, as the information regarding alco-
hol intake on the exact day of ambulatory BP monitoring
was not available, it is possible that the association between
drinking status and circadian BP variation found in this study
might be underestimated. Second, the influence of the type
of alcoholic beverage on BP was not assessed. However, a
previous study reported that the type of alcohol beverage con-
sumed did not influence the BP increase.?* Third, we could not
estimate alcohol consumption resulting from binge drinking
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because the questionnaire did not ask about this. However,
92% of the drinkers who were consuming 245.6 g of ethanol
per occasion in this study reported consuming alcohol bever-
ages almost every day. Fourth, in Table 2, we show that daily
BP was not associated with alcohol consumption. It is possible
that the lack of difference in adjusted BP across alcohol catego-
ries might be related to the relatively small sample of this study,
as several previous studies have found such an association; the
difference of 4mm Hg across drinking groups might be sig-
nificant in a larger sample.!? Fifth, this study excluded women
because of the small number of drinkers among women. It
remains to be investigated whether this association is present
in women. Sixth, because we did not have actigraphy data, the
effect of sleeping patterns could not be determined.

In conclusion, this study shows that habitual alcohol intake
was associated with a higher 2h-BP Dif. Further prospec-
tive studies are necessary to elucidate the associations among
alcohol intake, circadian BP variation, and the future risk of
hemorrhagic stroke.
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Abstract

Selenium protection against cellular damage by oxygen radicals is accomplished through
selenoproteins. Thus, selenium protection during the development of stroke, an oxidative stress—
related disease, may not be appropriately reflected in the total serum selenium concentration,
Therefore, we hypothesized that serum selenoproteins should also be measured to understand the
relationship between selenium status and oxidative stress. To establish whether stroke is associated
with changes in serum selenoprotein levels, a population-based, nested case-control study was
performed. The subjects were recruited from 1632 residents older than 40 years who had completed
health examinations in 1992. Blood samples collected from 30 controls and 30 initial stroke victims
between 1992 and 1994 were analyzed for total serum selenium and selenium-containing protein
distribution. Selenium-containing proteins were separated using 2 high-performance liquid
chromatography columns in tandem and detected by inductively coupled plasma—mass spectrometry.
The mean serum selenium concentration was lower in the patients who had a stroke than in the
controls (105.2 vs 116.5 ug/L). Selenium contents in glutathione peroxidase and albumin did not
show any significant difference; however, selenoprotein P was significantly lower in the stroke cases
than in the controls (54.5 vs 63.0 ug/L, P = .006). Results from multivariate logistic regression
analysis showed that reduced serum level of selenoprotein P was associated with a higher risk of
stroke (odds ratio = 0.28; 95% confidence interval, 0.10-0.85).
© 2009 Published by Elsevier Inc.
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%HDL-C, ratio of high-density lipoprotein cholesterol to total cholesterol; CI, confidence interval; GPx,
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1. Introduction

The role of oxidative stress in stroke has been well
established [1-3]. Selenium, which is an essential component

* Corresponding author. Tel.: +81 27 220 8010; fax: +81 27 220 8016.
E-mail address: hkoyama@health.gunma-u.ac.jp (H. Koyama).

0271-5317/8 — see front matter © 2009 Published by Elsevier Inc.
doi:10.1016/j.nutres.2009.01.002

of several antioxidant enzymes, has drawn patticular inte-
rest for its potential role in the prevention of oxidative
stress—related diseases, including stroke [4-6]. Epidemiolo-
gic studies on the association of serum selenium concentra-
tion and the development of stroke have reported
conflicting results [7,8]. It should be noted that selenium
status should be monitored not only by measuring total
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selenium concentration in serum or plasma, but also by the
measurement of selenoproteins [9].

There are at least 3 selenium-containing proteins in serum
[10]: albumin, extracellular glutathione peroxidase (GPx),
and selenoprotein P. Among these, GPx and selenoprotein P
are classified as selenoproteins [11], which contain seleno-
cysteine encoded by the uracil-guanine-adenine (UGA)
triplet and involve transfer ribonucleic acidS1%° [12]. In
albumin, selenium occurs as selenomethionine, which is
biologically indistinguishable from methionine in animals
and nonspecifically incorporated into proteins in place of
methionine [13]. Selenium protection of cellular components
from damage by oxygen radicals was reported to occur
through these selenoproteins [14,15]. Therefore, to accu-
rately investigate selenium protection in the development of
stroke, we hypothesize that it is necessary to quantify levels
of serum selenoproteins as well as serum selenium.

To test this hypothesis, we have developed a method for
isolating selenium from serum samples [16]. The method
achieves the rapid and direct chromatographic determination
of serum selenium among GPx, albumin, and selenoprotein
P. In the present study, we conducted a population-based,
nested case-control study to establish whether the develop-
ment of stroke is associated with changes in the levels of
serum selenoproteins. We compared serum selenoproteins
levels in patients who had a stroke with those of matched
healthy controls.

2. Methods and materials
2.1. Survey site and study population

The present study was conducted in conjunction with the
Ohasama study, a longitudinal cohort study that has been
conducted in the town of Ohasama, Iwate Prefecture, Japan,
since 1987. Ohasama is a rural community that had 8040
inhabitants in 1991. The socioeconomic and geographic
characteristics of Ohasama have been described by Imai and
coworkers [17] in a previous report. The most frequent cause
of death among the residents was cerebrovascular disease.
The rate of cerebrovascular death was 142.9 per 100 000 in
1992, and the standardized mortality ratio was 1.31
compared with the overall mortality in Japan.

From 2716 residents older than 40 years, 1632 had
completed a health examination in 1992, Subjects who were
taking antihypertensive medication, those who had a history
of stroke, and those who had atrial fibrillation were excluded
to avoid the effects of these risk factors. Subjects were also
excluded if their blood pressure and high-density lipoprotein
cholesterol (HDL-C) were out of the reference range. The
cases and the controls in the present study were derived from
the population of 1256 remaining after exclusion criteria
were implemented.

All blood samples were obtained in 19592. From 1992
to December 31, 1994, 39 initial strokes (26 men and 13
women) were identified [18]. Information on cerebrovas-

cular events was mainly obtained from the stroke registry
and verified by a questionnaire distributed to each household
every year and by inspection of death certificates.

The Ohasama study was approved by the Institutional
Review Board of Tohoku University School of Medicine and
by the Department of Health of the Ohasama town
government. The Ethics Committee of Tohoku University
School of Medicine approved the measurement of trace
elements in community-based serum samples. Signed
informed consent was obtained from all subjects.

2.2. Health examination

The blood pressure was measured using a USM700F
sound-based blood pressure monitor (Ueda Electronic Works
Co, Ltd, Tokyo, Japan), a fully automatic device that has
been previously validated [19] and meets the criteria of the
Association for the Advancement of Medical Instrumentation.

Each individual’s body height and weight were measured,
and the body mass index was calculated as the weight (in
kilograms) divided by the square of the height (in meters).
A supine resting electrocardiogram was taken, a blood
sample was obtained using Venoject tubes (VP-P, Terumo,
Tokyo, Japan), and the serum was separated by centrifuga-
tion, The total cholesterol and HDL-C were measured using
an enzymatic and colorimetric method, and the ratio of
HDL-C to total cholesterol (Y%eHDL-C) was then calculated.
The remaining serum was frozen at —80°C until the selenium
measurements were performed.

A survey of health status was also conducted by means of
interviews. The questions related to patient stroke history
and medication intake associated with stroke, hyper-
tension, coronary heart disease, and smoking and alcohol
intake habits.

2.3. Definition of stroke cases and matched controls

The diagnosis of stroke was based on the occurrence of
clinical signs of focal or global disturbances in cerebral
function that lasted more than 24 hours or resulted in death.
Computed tomographic scans or magnetic resonance images
of the brain were referred to for the classification of stroke,
when available (76.9%). The stroke cases were classified
into 23 cases of cerebral infarction, 9 cases of cerebral
hemorrhage, 6 cases of subarachnoid hemorrhage, and 1 case
of undetermined type. From these 39 cases, blood samples of
9 cases were not available because they had been previously
used for other purposes. The remaining 30 stroke cases (17
cases of cerebral infarction, 8 cases of cerebral hemorrhage,
4 cases of subarachnoid hemorrhage, 1 case of undetermined
type) were used for data analysis. Control samples were
chosen to match the sex, age (within 1 year), level of total
cholesterol (within 5%), and the year of blood sampling of
the stroke cases. All of the controls were alive as of
December 31, 1994. The relationship between selenium
status and stroke type was not examined because of the
limited number of available blood samples.
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