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TABLE 4

Sex-specific hazard ratios (HRS) and 95% CIs of mortality from coronary heart disease and total cardiovascular disease

according to quintiles of potassium intake

Quintile of potassium intake

P for
1 (low) Z 3 4 5 (high) trend’
Men
No. of subjects 4623 4624 4624 4624 4624
Person-years 57331 57 542 58 030 58172 57 873
Coronary heart disease”
n 41 47 42 46 57
Multivariable HR? 1.00 1.08 (0.65, 1.80) 0.84 (0.46, 1.52) 0.75 (0.39, 1.42) 0.67 (0.33, 1.35) 0.159
Total cardiovascular disease”
n 180 194 190 220 282
Multivariable HR” 1.00 0.94 (0.74, 1.20) 0.82 (0.62, 1.09) 0.82 (0.61, 1.10) 0.87 (0.63, 1.21) 0.503
Women
No. of subjects TI2Z 7122 T123 7122 7122
Person-years 88 828 89 948 90 829 92 331 94 075
Coronary heart disease’
n 59 41 28 33 30
Multivariable HR' 1.00 0.62 (0.39, 0.99) 0.44 (0.25,0.77) 0.48 (0.26, 0.86) 0.40 (0.20, 0.80) 0.008
Total cardiovascular disease”
n 235 198 183 214 191
Multivariable HR” 1.00 0.80 (0.64, 0.99) 0.77 (0.60, 0.98) 0.83 (0.64, 1.07) 0.67 (0.49, 0.90) 0.027

/ Based on tests for trend across quintiles of potassium intake by assigning the median value of each quintile.

? P value for sex interaction for coronary heart disease was 0.04.

“ Cox proportional hazard models adjusted for the variables listed in footnote 1 of Table 2 and sodium intake (sex-specific quintiles).

# P value for sex interaction for total cardiovascular disease was 0.03.

and =25.0. The multivariable hazard ratios associated with a
100-mmol increment in uncalibrated daily sodium intake among
nonoverweight persons were 1.87 (95% CI: 1.44, 2.43) for total
stroke, 2.28 (95% CI: 1.59, 3.27) for ischemic stroke, 1.44 (95%
CI: 0.95, 2.18) for coronary heart disease, and 1.70 (95% CI:
1.41, 2.03) for total cardiovascular disease, and those among the
overweight were 1.77 (95% CI: 1.01, 3.09), 2.89 (95% CI: 1.33,
6.31), 1.06 (95% CI: 0.48, 2.34), and 1.22 (95% CI:0.83, 1.79),
respectively.

DISCUSSION

The main findings of our large prospective study of Japanese
men and women were that a high sodium intake was associated
with high risks of mortality from total stroke, ischemic stroke,
and total cardiovascular disease, whereas a high potassium in-
take was associated with a reduced risk of mortality from coro-
nary heart disease and total cardiovascular discase after adjust-
ment for cardiovascular disease risk factors. These associations
were strengthened slightly when adjusted further for the other
cation. The positive associations between sodium intake and
mortality from stroke and total cardiovascular disease were in-
dependent of potassium intake and were similarly observed for
nonoverweight and overweight persons. The inverse associa-
tions between potassium intake and mortality from coronary
heart disease were more pronounced when sodium intake was
high.

Our results were supported by the findings of previous studies.
Two prospective studies of Americans (1) and Japanese (6)
showed that sodium intake was associated with an increased risk

of stroke incidence and mortality. A 100-mmol increment in
daily sodium intake was reported to be associated with 32%
higher incidence of stroke among overweight Americans (1).
Japanese men with the highest tertile of daily sodium intake (306
mmol) had a 2-fold increased risk of stroke mortality compared
with the lowest tertile (174 mmol) (6). In the present study, a
100-mmol increment in uncalibrated daily sodium intake was
associated with 83% higher mortality from total stroke.

Several studies have shown that potassium intake is associated
with a reduced risk of stroke incidence (5) and mortality (3). A
10-mmol increment in daily potassium intake was associated with
40% reduced risk of death from stroke (3). Americans had a 28%
higher risk of stroke incidence in the lowest versus the highest
quartiles of potassium intake (<< versus =34.6 mmol/d) (5). On the
other hand, the association between dietary potassium intake and
risk of coronary heart disease was not significant among Americans
(5). In the present study, we found an inverse association between
potassium intake and mortality from coronary heart disease and total
cardiovascular disease, but not from stroke.

Overweight may enhance salt-sensitivity for blood pressure
(14), and a previous prospective study of Americans showed
positive association between sodium intake and risk of cardio-
vascular disease only in overweight individuals (1). However,
we found a strong positive association between sodium intake
and mortality from stroke for persons with either a BMI < 25.0
ora BMI = 25.0. Our findings suggests that a high sodium intake
was a risk factor for cardiovascular disease not only in over-
weight but also in nonoverweight Japanese.

The limitations of the present study warrant discussion. First,
the estimated sodium intake from the present questionnaire study
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TABLE 5

Hazard ratios (HRs) and 95% Cls of mortality from stroke, coronary heart disease, and total cardiovascular discase according to the combination of sodium

and potassium intakes

Low sodium intake

High sodium intake

Low potassium intake

High potassium intake

Low potassium intake High potassium intake

No. of subjects

20760
Person-years 256 676
Reference = low sodium and high
potassium intake
Total stroke
n 293

Multivariable HR/
Ischemic stroke

1.15 (0.89, 1.48)

n 133
Multivariable HR’ 1.13 (0.78, 1.63)
Coronary heart disease
n 152

Multivariable HR/

Total cardiovascular disease
n 641
Multivariable HR’ 1.08 (0.92, 1.28)

Reference = high sodium and low
potassium intake

Total stroke
n 293
Multivariable HR? 0.79 (0.66, 0.95)

Ischemic stroke
n 133
Multivariable HR? 0.70 (0.54,0.91)

Coronary heart disease
n 152
Multivariable HR’ 0.94 (0.72, 1.24)

Total cardiovascular disease
n 641
Multivariable HR' 0.85 (0.74, 0.96)

1.28 (0.89, 1.84)

8605 8605 20 760
106 909 110817 270759
93 198 402
1.00 1.46(1.13, 1.89) 1.44 (1.15, 1.82)
44 110 223
1.00 1.61(1.12,2.33) 1.61(1.16-2.24)
47 88 137
1.00 1.36 (0.94, 1.98) 0.93 (0.66, 1.30)
224 408 814
1.00 1.28 (1.08, 1.53) 1.19(1.03, 1.39)
93 198 402
0.69 (0.53, 0.89) 1.00 0.99 (0.81, 1.21)
4 110 223
0.62 (0.43, 0.90) 1.00 1.00 (0.76, 1.31)
47 88 137
0.74 (0.51, 1.07) 1.00 0.68 (0.50,0.93)
224 408 814
0.78 (0.66, 0.93) 1.00 0.93 (0.81, 1.07)

! Cox proportional hazard models adjusted for age (y), sex, BMI (sex-specific quintiles), smoking status (4 categories), ethanol intake (6 categories), his-
tory of hypertension (yes or no), history of diabetes (yes or no), menopause (yes or no), hormone replacement therapy (yes or no), time spent on sports activity
(4 categories), walking time (4 categories), educational status (4 categories), perceived mental stress (4 categories), and calcium intake (high or low).

was ==50% lower than that estimated from dietary records (13).
However, the Spearman correlation coefficient between the so-
dium intakes from questionnaire and dietary records was fairly
good; thus, the misclassification for the rank of sodium intake
was not large. In addition, any errors concerning the misclassi-
[ication were likely nondifferential and would have attenuated
the associations between sodium intake and mortality from car-
diovascular discase. Second, we classified stroke subtypes ac-
cording to the ICD codes, which may have led to misclassifica-
tion. However, in Japan, computerized tomography has been
widely used in local hospitals nationally since the 1980s. This
widespread use of computerized tomography made a death cer-
tificate diagnosis of stroke subtypes sufficiently accurate (15,
16). Third, we estimated sodium intakes with an FFQ, which is
considered to be a weaker tool than is urinary measurement (17).
However, in Japan, salty scasonings such as soy sauce, soybean
paste, and salty pickles account for 74% of total sodium intake
(7), which may allow us to evaluate ranks of sodium intake by
FFQ.

Poornutrition may reflect poor compliance on FFQs. Then, we
examined the association between sodium and potassium intakes
and the risk of mortality from cardiovascular discase excluding

subjects whose energy intake was <840 kcal/d (<5% of sub-
Jects). However, the results did not change significantly.

In conclusion, our large prospective study of Japanese men
and women showed that a high dietary sodium intake is associ-
ated with the risk of mortality from stroke and total cardiovas-
cular discasc and that a high dictary potassium intake is inversely
associated with the risk of mortality from total cardiovascular
disease. The inverse association between a high dietary potas-
sium intake and the risk of mortality from coronary heart disease
was nearly significant in the subjects as a whole and was signif-
icant in women. Our findings suggest that a reduction in sodium
intake may help prevent stroke and an increase in potassium
intake may help prevent coronary heart disease.

We sincerely express our appreciation to Kunio Aoki (Professor Emeritus,
Nagoya University School of Medicine and former chairman of the JACC
Study) and to Haruo Sugano (former Director of the Cancer Institute, Tokyo),
who greatly contributed to the initiation of the JACC Study.
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Day-by-Day Variability of Blood Pressure and Heart Rate at
Home as a Novel Predictor of Prognosis
The Ohasama Study

Masahiro Kikuya, Takayoshi Ohkubo, Hirohito Metoki, Kei Asayama, Azusa Hara, Taku Obara,
Ryusuke Inoue, Haruhisa Hoshi, Junichiro Hashimoto, Kazuhito Totsune, Hiroshi Satoh, Yutaka Imai

Abstract—Day-by-day blood pressure and heart rate variability defined as within-subject SDs of home measurements can
be calculated from long-term self-measurement. We investigated the prognostic value of day-by-day variability in 2455
Ohasama, Japan, residents (baseline age: 35 to 96 years; 60.4% women). Home blood pressure and heart rate were
measured once every morning for 26 days (median). A total of 462 deaths occurred over a median of 11.9 years,
composing 168 cardiovascular deaths (stroke: n=83; cardiac: n=85) and 294 noncardiovascular deaths. Using Cox
regression, we computed hazard ratios while adjusting for baseline characteristics, including blood pressure and heart
rate level, sex, age, obesity, current smoking and drinking habits, history of cardiovascular disease, diabetes mellitus,
hyperlipidemia, and treatment with antihypertensive drugs. An increase in systolic blood pressure variability of +1
between-subject SD was associated with increased hazard ratios for cardiovascular (1.27; P=0.002) and stroke mortality
(1.41; P=0.0009) but not for cardiac mortality (1.13; P=0.26). Conversely, heart rate variability was associated with
cardiovascular (1.24; P=0.002) and cardiac mortality (1.30; P=0.003) but not stroke mortality (1.17; P=0.12). Similar
findings were observed for diastolic blood pressure variability. Additional adjustment of heart rate variability for systolic
blood pressure variability and vice versa produced confirmatory results. Coefficient of variation, defined as
within-subject SD divided by level of blood pressure or heart rate, displayed similar prognostic value. In conclusion,
day-by-day blood pressure variability and heart rate variability by self-measurement at home make up a simple method
of providing useful clinical information for assessing cardiovascular risk. (Hypertension. 2008;52:1045-1050.)

Key Words: epidemiology m cerebrovascular disease/stroke m population science m risk factors
m blood pressure measurement/monitoring

Home blood pressure measurement is reportedly more
reliable than conventional blood pressure measurement,
because this approach avoids both observer and regression
dilution biases and eliminates the white coat effect.! Home
blood pressure measurement offers more prognostic signifi-
cance than office blood pressure? and is more indicative of
target organ damage’ The clinical significance of home
blood pressure measurement is primarily produced by multi-
ple measurements of blood pressure.? These multiple mea-
surements also provide information on day-by-day blood
pressure variability under relatively controlled conditions.*
Previous studies of ambulatory blood pressure monitoring
have highlighted that circadian variation’ and short-term
blood pressure variability® can predict cardiovascular events
above and beyond traditional risk factors. However, no
studies have investigated associations between home blood
pressure variability and cardiovascular events. We hypothe-

sized that day-by-day blood pressure variability derived from
self-measurement at home would provide further insights into
prognosis. The objective of the present study was to clarify
whether day-by-day variability in home blood pressure could
have prognostic significance in the general population. We
also tested the prognostic significance of variability in home
heart rate, because we had observed previously an association
between high home heart rate and increased risk of cardio-
vascular mortality.”

Methods
Design
This report was based on longitudinal observations of subjects who
have been participating in a blood pressure measurement project in
Ohasama, Iwate Prefecture, Japan, since 1987. Socioeconomic and
demographic characteristics of this region and details of the study
project have been described previously.2® The institutional review
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boards of Tohoku University School of Medicine and the Ohasama
Municipal Government Department of Health approved the study.
All of the participants provided written informed consent.

Study Population

From 1988 until 1995, we contacted all 4969 of the subjects =35
years old and living in 4 districts of Ohasama town. Subjects who
were not at home during the normal working hours of the study
nurses (n=1057) and those hospitalized (n=166) or incapacitated
(n=94) were ineligible. Of the remaining 3652 residents, 2933
(80%) participated in baseline examinations and underwent follow-
up. We excluded 478 subjects because home heart rate had not been
measured (n=53) or because home blood pressure (n=415) or home
heart rate (n=10) was based on averages of <10 readings (10 days).
We consider that =10 home blood pressure measurements are
necessary to provide a reliable SD of blood pressure. This criterion
was based on an observation in 153 inhabitants of Ohasama (mean
age: 63.5210.1 years; 65.4% women) who measured home blood
pressure over 30 days that within-subject SD of home measurements
for the first 10 days (systolic: 9.0+3.7 mm Hg; diastolic:
6.3%2.7 mm Hg) did not differ significantly from that obtained over
30 days (systolic: 9.2+3.0 mm Hg; diastolic: 6.5+24 mm Hg;
P=0.10). Given that home blood pressure measurement is easily
accepted by subjects and has a relatively low cost, using more
readings than the statistically reliable minimum number (10 read-
ings) thus appears reasonable to calculate the SD of blood pressure.
We, therefore, adopted a varying number of measurements. Finally,
the total number of subjects included in the present analyses was
2455,

Data Collection

At public health centers, trained nurses of Ohasama town measured
anthropometric characteristics. Physicians and/or public health
nurses instructed pacticipants on how to perform home blood
pressure measurements. Participants were asked to measure blood
pressure and heart rate once every morning over a period of 4 weeks
using an oscillometric device (HEM 401C, Omron Healthcare)
within 1 hour of waking, with measurements performed in a sitting
position after >2 minutes of rest.** Home hypertension was defined
as a morning blood pressure of 135 mm Hg systolic or 85 mm Hg
diastolic or as the use of antihypertensive drugs. We computed the
level and variability of home blood pressure as average and within-
subject SD of measurements, respectively.® We also considered
coefficient of variation (CV), defined as the within-subject SD
divided by blood pressure level. Using the same procedure, we
defined the level and variability of home heart rate. In sensitivity
analyses, we tested the prognostic significance of the variability of
blood pressure and heart rate using only the first 10 days of data in
all 2455 of the subjects.

Study nurses administered a standardized questionnaire, inquiring
into medical history, intake of medications, and smoking and
drinking habits of each patient. Previous cardiovascular disease
included stroke, transient ischemic attack, coronary heart discase,
and atrial fibrillation. Venous blood samples were analyzed using
standard automated enzymatic methods for total cholesterol and
blood glucose. According to published criteria,® diabetes mellitus
was defined as a fasting or random blood glucose level of =7.0 or
=11.1 mmol/L, respectively, or as the use of antidiabetic drugs.
Hypercholesterolemia was a serum level of total cholesterol of
=5.68 mmol/L (220 mg/dL) or use of lipid-lowering drugs. Obesity
was defined as a body mass index of =25 kg/m™

Ascertainment of Events

We ascertained vital status until December 31, 2004, via resident
registration cards, which are the basis for pension and social security
benefits in Japan, Causes of death were obtained from the National
Japanese Mortality Registry. Diagnoses on death certificates were
verified against the medical charts of Ohasama hospital, where
=90% of Ohasama residents undergo regular health checkups. End
points considered in the present analysis were death from all causes,
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cardiovascular (International Classification of Diseases, 10th Revi-
sion [ICD-10] codes “I"”) and noncardiovascular mortality, mortality
from stroke (ICD-10 code 16), intracerebral hemorrhage (ICD-10
code 161), cardiac disorders (ICD-10 codes 105, 111, 120-125, 134,
135, 138, 146150, 171, 174, I77, and 199), cerebral infarction (ICD-10
code [63), myocardial infarction (ICD-10 codes 121 and 122),
neoplasms (ICD-10 codes C00-D48), diseases of the respiratory
system (ICD-10 codes “J™), and senility (ICD-10 code R54). Thus,
cardiovascular mortality includes mortality from all stroke and
cardiac events. We only classified cause of death as senility when all
other diseases were excluded. Participants who died from other
causes or who were lost to follow-up were treated as censored.

Statistical Analysis

SAS 9.1 software (SAS Institute, Inc) was used for statistical
analysis. We compared means and proportions using the standard
normal z test for large samples or ANOVA and the »* statistic,
respectively, and survival curves by Kaplan-Meier survival function
estimates for cardiovascular mortality across quartiles of blood
pressure and heart rate variability. Pearson’s correlation coefficients
were computed for blood pressure and heart rate parameters. In Cox
regression, the proportional hazards assumption was checked using
the Kolmogorov-type supremum test. We calculated hazard ratios of
variability (SD or CV of measurements) using multiple Cox regres-
sion while adjusting for baseline characteristics, including sex, age,
obesity, current smoking and drinking habits, history of cardiovas-
cular disease, diabetes mellitus, hyperlipidemia, and treatment with
antihypertensive drugs. In Cox models for SD of parameters (blood
pressure and heart rate), we also accounted for levels of the
parameters. In a fully adjusted model, we further accounted for heart
rate variability when analyzing blood pressure variability and vice
versa.

Results

Baseline Characteristics of Participants

The 2455 participants included 1483 women (60.4%) and
1021 patients with home hypertension (41.6%), of whom 741
(72.6%) were taking antihypertensive drugs. Mean values
were 594+ 123 years for age, 23.5+3.1 for body mass
index, and 5.0+0.9 mmol/L for total cholesterol. At enroll-
ment, 474 participants (19.3%) were current smokers and 472
(25.8%) reported intake of alcohol, 653 (26.6%) had hyper-
cholesterolemia, 232 (9.5%) had diabetes mellitus, and 131
(5.3%) had a history of cardiovascular disease. Mean number
of blood pressure readings per participant was 24.5+5.3, The
95th, 75th, 50th (median), 25th, and 5th percentile cutoff
values for the number of home readings were 30, 28, 26, 22,
and 13, respectively. Systolic/diastolic blood pressure levels
were 124.6+15.2/74.749.9 mm Hg, respectively. The SDs
and CVs of systolic/diastolic blood pressure were 8.6+3.2/
6.4%2.3 mm Hg and 6.9+2.3/5.2+1.9%, respectively, The
level, SD, and CV of heart rate were 67.4+7.8 bpm, 5.7*x2.3
bpm, and B.413.2%, respectively. Systolic blood pressure
correlated positively with the SD of systolic blood pressure
(r=+0.40). Heart rate also correlated positively with the SD
of heart rate (r=-0.32). Diastolic blood pressure, on the
other hand, did not correlate with SD of diastolic blood
pressure (r=+0.07). Blood pressure was not correlated with
heart rate (r=—0.06 for systolic; r=+0.03 for diastolic). Tn
contrast, SD of blood pressure correlated positively with SD
of heart rate (r=+0.28 for systolic; r=+0.39 for diastolic).
Age did not correlate with day-by-day variability of heart rate
(r=-=0.027).
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Figure 1. Kaplan-Meier survival estimates for cardiovascular mortality across quartiles of day-by-day variability, ie, SD of systolic blood
pressure (left), diastolic blood pressure (middle), and heart rate (right). Q1 to Q4 indicate ascending quartiles; cutoff points were 6.5,
8.2, and 10.3 mm Hg for systolic; 4.9, 6.1, and 7.6 mm Hg for diastolic; and 4.2, 5.4, and 6.9 bpm for heart rate.

Among 2455 study subjects, 1194 subjects (64.1% women;
mean age: 57.8*10.7 years) were re-examined with long-
term measurement (24.2+4.4 days) of home blood pressure
in the morning after 7.5%£1.5 years (second examination).
Differences between baseline and second examination were
<2 mm Hg for level, <1 mm Hg for SD, and <1% for the
CV of home blood pressure. In relation to home heart rate,
differences were also small (<1 bpm and <1%). Variabilities
(SD and CV) of both blood pressure and heart rate correlated
moderately with first and second examinations (>0.30).

Analysis of Mortality
During follow-up (mean: 11.9%3.9 years; median: 11.9
years; 5th to 95th percentile interval: 3.8 to 16.9 years),
29 224 person-years were accrued. A total of 81 participants
(3.3%) were lost to follow-up. The total of 462 deaths
included 168 cardiovascular deaths (36.4%), with 83 strokes
(18.09%) and 85 cardiac deaths (18.4%). These results were
similar to mortality throughout Japan according to the Na-
tional Vital Statistics; total number of deaths in Japan in 2000
was 961 653, including 285 333 cardiovascular deaths
(29.7%), with 132 529 strokes (13.8%) and 152 804 cardiac
deaths (15.9%).'9 Stroke deaths were because of cerebral
infarction in 51 subjects, intracerebral hemorrhage in 21
subjects, subarachnoid hemorrhage in 8 subjects, or other
cerebrovascular or ill-defined causes in 3 subjects. Cardiac
mortality included myocardial infarction (n=33), heart fail-
ure (n=18), sudden death (n=7), chronic coronary heart
disease (n=6), arrhythmia (n=35), and various other cardiac
disorders (n=16). Noncardiovascular deaths (n=294) re-
sulted from neoplasms (n=112), diseases of the respiratory
system (n=69), senility (n=21), suicide (n=19), diseases of
the genitourinary system (n=135), injuries (n=14), diseases of
the digestive system (n=13), and various other diseases (n=31).
Cumulative incidence for cardiovascular mortality differed
across quartiles of the distributions of SDs for blood pressure
and heart rate (Figure 1; log-rank test; all P<<0.0001). In Cox
regression, the Kolmogorov-type supremum test showed that,
for all of the outcomes in relation to variability and level of
blood pressure and heart rate, the proportional hazards as-
sumption was satisfied (P=0.11). With multiple adjustments
applied, both levels and variabilities of systolic blood pres-

sure and heart rate were independent and consistent predic-
tors of total and cardiovascular mortality (Table 1), with the
exception of SD of heart rate as a predictor of total mortality
(P=0.31; fully adjusted model). In stepwise regression anal-
ysis for cardiovascular mortality in the fully adjusted model
with P values to enter and stay in the model at 0.10, we
identified sex (P<<0.0001), age (P<<0.0001), history of car-
diovascular disease (P<0.0001), SD of systolic blood pres-
sure (P=0.027), systolic blood pressure (P=0.009), SD of
heart rate (P=0.036), and heart rate (P=0.029). When office
blood pressure level was included in the model instead of
home blood pressure level (n=2243), both office blood
pressure (P=0.004) and SD of home blood pressure
(P=0.006) remained as significant predictors for cardiovas-
cular mortality. The predictive capacity for noncardiovascular
mortality was no longer significant when deaths within 2
years of enrollment were censored (P=>0.06).

Table 2 shows hazard ratios for cause-specific mortality in
cardiovascular death. The SD of systolic blood pressure was
predictive of stroke and cerebral infarction but not cardiac
disease. Conversely, SD of heart rate was predictive of
cardiac mortality and death from myocardial infarction but
not from stroke. The SD of heart rate was also significantly
associated with risk of neoplasms (hazard ratio: 1.24; 95%
CI: 1.04 to 1.49; P=0.02), whereas this association was
weakened to a nonsignificant level when we censored deaths
within 2 years of enrollment (hazard ratio: 1.20; 95% CI: 0.99
o 1.46; P=0.06). We did not find any association of
intracerebral hemorrhage (P=0.74), neoplasms (P=0.25),
diseases of the respiratory system (P=0.10), or senility
(P=0.16), with SD of either systolic blood pressure or heart
rate. We repeated all of the analyses using SD of diastolic
blood pressure instead of the SD of systolic blood pressure,
yielding results that were largely consistent. As sensitivity
analyses, we investigated the hazard ratio for SDs of blood
pressure and heart rate using only the first 10 days of data,
variabilities defined by CV, variabilities of evening mea-
surement, and variabilities of average of morning and
evening readings (the average of 2 measurement per day).
The results were largely confirmatory (for further clarifi-
cation, please see the online supplemental data, available
at http://hyper.ahajournals.org).
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Table 1. Hazard Ratios for Mortality According to Blood Pressure and Heart Rate Parameters
at Entry
Mortality Total* Cardiovascular* Noncardiovascular*
Deaths, n 462 168 294
Base model
Systolic BP, mm Hg 1.18 (1.07 to 1.31)]| 1.33 (1.13 10 1.57)|| 1.11 (0.98 to 1.26)

Heart rate, bpm

Adjusted

SD of systolic BP, mm Hg
SD of heart rate, bpm

Fully adjusted

Systolic BP, mm Hg
Heart rate, bpm

1.21 (1.1 10 1.31))

1.21 (110 10 1.32)]
111 (1.02t0 1.21)¢

1.13(1.01 to 1.25)%
1.19(1.09 to 1.30)|

1.24 (1.08 10 1.42)§

1.27 (1.09 10 1.47)§
1.24 (1.09 10 1.41)§

1.26 (1.06 to 1.49)§
1.16 (1.01 to 1.34)

1.19(1.07 to 1.32)|

117 (1.04 10 1.32)§
1.03(0.92 10 1.16)

1.06 (0.93 o 1.21)

SD of systolic BP, mm Hg
SD of heart rate, bpm

1.18(1.07 to 1.31)|
1.05 (0.96 to 1.16)

1.21 (1.07 to 1.35)]
1.18 (1.04 10 1.34)§
0.97 (0.86 10 1.10)

1.20 (1.02 to 1.40)F
1.18 (1.02 to 1.36)%

*Hazard ratios (95% Cls) refiect risk associated with an increase in parameters of 1 between-subject SD. Base
model was adjusted for sex, age, obesity, smoking and drinking, history of cardiovascular disease, diabetes mellitus,
hyperlipidemia, and treatment with antihypertensive drugs. The adjusted model was additionally adjusted for systolic
BP and heart rate. The fully adjusted model was additionally adjusted for systolic BP, heart rate, SD of systolic BP,

and SD of heart rate (forced in the same model).

Significance of hazard ratios: 1P=<0.06; $P=0.05; §P<0.01; ||P=0.00143 (0.05/35, Bonferroni correction).

The 10-year absolute risk was steeper with stroke mortality
than with cardiac mortality (Figure 2, left). In contrast, in
relation to SD of heart rate, the risk was steeper with cardiac
mortality than with stroke mortality (Figure 2, right). SDs of
systolic blood pressure and heart rate were significantly and
independently correlated with cardiovascular mortality (Figure 3).

Discussion
The key finding of the present study was that, in middle-aged
and older subjects recruited from a Japanese population,
day-by-day blood pressure and heart rate variability, defined
as within-subject SDs of home measurements, were predic-
tive of cardiovascular mortality, while adjusting for blood

pressure, heart rate, and other risk factors, including sex, age,
obesity, current smoking and drinking habits, history of
cardiovascular disease, diabetes mellitus, hyperlipidemia, and
treatment with antihypertensive drugs. CV of measurements
offered similar prognostic value. This study addressed for the
first time the prognostic implications of day-by-day blood
pressure and heart rate variability based on self-measurement
at home in a general population.

The link between variability and outcome may not neces-
sarily imply a causc-effect relationship. Errors in self-
measurements could have been responsible for failure to
constantly identify a hypertensive condition at the time of
different home measurement sessions. Underlying irregular-

Table 2. Hazard Ratios for Cause-Specific Cardiovascular Mortality According to Blood Pressure and Heart Rate

Parameters at Entry

Mortality Stroke* Cerebral Infarction* Cardiac* Myocardial Infarction*
Deaths, n 83 51 85 33
Base model

Systolic BP, mm Hg

Heart rate, bpm
Adjusted

SD of systolic BP, mm Hg
SD of heart rate, bpm

Fully adjusted

Systolic BP, mm Hg

Heart rate, bpm

5D of systolic BP, mm Hg
SD of heart rate, bpm

1.43 (1.13 to 1.80)§
1.27 (1.06 1o 1.53)§

1.41 (11510 1.73))
1.17 (0.96 to 1.43)

1.29 (1.01 to 1.64)t
1.25 (1.02 to 1.52)¢
1,38 (1.12 0 1.72)§
1.06 (0.84 10 1.33)

1.55(1.15 t0 2.08)§
1.14(0.90 to 1.45)

1.46 (1.14 to 1.89)§
1.16 (0.89 10 1.51)

1.38 (1.02 to 1.88)1
1.15 (0.88 to 1.50)
1.46 (1.11 0 1.91)§
1.01 (0.74 10 1.38)

1.24 (0.98 10 1.57)
1.20 (0.99 to 1.46)1

1.13 (0.91 to 1.40)
1.30 (1.09 10 1.55)§

1.22 (0.96 10 1.56)
1.09(0.89 to 1.33)
1.02 (0.81 t0 1.29)
1.30 (1.08 to 1.56)§

1.17(0.80t0 1.72)
0.98 (0.69 to 1.38)

1.01 (0.71 to 1.44)
1.43(1.10to 1.86)§

1.20(0.80 to 1.79)
0.85(0.60 to 1.21)
0.87 (0.59 10 1.27)
1.47(1.1310 1.92)§

*Hazard ratios (95% Cls) refiect risk associated with an increase in parameters of 1 between-subject SD. Base model was adjusted for sex, age,
obesity, smoking and drinking, history of cardiovascular disease, diabetes mellitus, hyperlipidemia, and treatment with antihypertensive drugs. The
adjusted model was additionally adjusted for systolic BP and heart rate. The fully adjusted model was additionally adjusted for systolic BP, heart rate,
SD of systolic BP, and SD of heart rate (forced in the same model).

Significance of hazard ratios: 1P=0.06; $P=0.05; §P=0.01; |P=0.00143 (0.05/35, Bonferroni correction).
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ity of measurement might, thus, have been responsible for
higher variability of home blood pressure values and might
account for the relationship between such variability and
prognosis. Variations in patient activities before measurement
may still represent a source of hemodynamic variability.
Increased variability may also reflect underlying disease
states. Arterial stiffness caused by aging and hypertension can
magnify random blood pressure changes and increase vari-
ability. Autonomic dysfunction can also cause swings in
hemodynamic variables. Elevated variability may, thus, only
offer a marker of the above-mentioned conditions rather than
an independent risk factor. Elevated variability of blood
pressure could also be derived from an elevated level of blood
pressure. Level of blood pressure remained a major con-
founder, although we adjusted the level of home blood
pressure in Cox regression analyses.

Ten-year absolute risk of mortality (%)

Figure 3. Absolute 10-year risk of cardiovascular mortality in
relation to SD of systolic blood pressure and SD of heart rate.
Using Cox regression, risk was standardized to central tendencies
in the other cardiovascular risk factors used in Table 1. Both SD of
systolic blood pressure and SD of heart rate are shown in the
interval corresponding with the 5th to 95th percentiles.

Poor drug compliance by patients on treatment with antihy-
pertensive therapy might have played a role in increasing blood
pressure variability and could result in poor prognosis via
inadequate blood pressure control in medical practice. Irregular
antihypertensive drug administration may possibly have affected
not only blood pressure variability but also heart rate variability.
The attenuation of antihypertensive therapy could increase
events. However, after excluding patients taking antihyperten-
sive medications, similar results were observed in terms of the
prediction of blood pressure and heart rate variabilities for
cardiovascular mortality (Table S5). Poorer adherence to therapy
alone, therefore, may not explain the relationship between larger
variability and cardiovascular mortality.

We found adverse effects of increased day-by-day variabil-
ity for both blood pressure and heart rate at home. Con-
versely, short-term variability of both blood pressure®!! and
heart rate®12-1* reportedly displays an opposite prognostic
significance. This discrepancy between existing evidence and
the present study is probably attributable to the noncontribu-
tion of baroreflex function to day-by-day variability. An
inverse relation between short-term blood pressure and heart
rate variabilities reflects baroreflex function.!® However,
day-by-day variability of blood pressure positively correlates
with that of heart rate (r=+0.28). Age did not correlate with
day-by-day variability of heart rate (r=-—0.027), although
beat-by-beat heart rate variability is known to be negatively
associated with age.!'® The link found in the present study
could possibly depend on other confounding factors, such as
the effects of environmental conditions (eg, mental and
physical stress causing simultaneous elevations in blood
pressure and heart rate in response (o activation of the
sympathetic nervous system).

In the present study, both variability and level of home
blood pressure were predictive of stroke but not cardiac
disease (Table 2). For the level of home blood pressure, this
observation is not completely surprising. In Asia, the associ-
ation between blood pressure level and stroke is stronger than
the association between blood pressure level and ischemic
heart disease.'” Moreover, the incidence of and mortality rate
because of stroke are higher than the incidence of and
mortality rate because of myocardial infarction in Japan.'® In
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fact, in the present study, the number of deaths from stroke
was more than double that from myocardial infarction. Such
characteristics of the study population may explain why we
observed the predictive power of home blood pressure level
only for stroke and not for cardiac disease. In relation to the
prognostic significance of home blood pressure variability, no
data are available in the literature. Thus, whether these
findings are because of specific characteristics of the Japa-
nese population remains to be determined. The present
findings await testing in different ethnic groups.

Study Limitations

The present study must be interpreted within the context of
the potential limitations. First, the analysis rested exclusively
on Japanese patients and might, therefore, not be representa-
tive of non-Asian or non-Japanese subjects. Second, the study
population predominantly included middle-aged and elderly
individuals. This imbalance in age distribution might, to some
extent, limit the external validity of the findings. Third, the
quality of the measurement procedure could have affected
blood pressure variability, although we asked participants to
measure blood pressure under relatively controlled condi-
tions. Fourth, although information on smoking habits (cur-
rent= 1) was obtained using a standardized questionnaire, we
did not collect data on the number of cigarettes smoked per
day or smoking years. This is probably why we failed to
identify any significant association between smoking and
cardiovascular mortality (hazard ratio: 1.24; P=0.30). Fifih,
the present results could not be confirmed by an analysis of
variability in office blood pressure, as we did not have data on
both daily and monthly measurements of office blood pressure.

Perspectives

To the best of our knowledge, the present study provides the
first prospective evidence that, in Japanese populations,
day-by-day variability might predict cardiovascular mortality.
This index adds to the stratification of risk based on self-
measurements of blood pressure and heart rate at home. Our
observational study was unable to resolve the issue of how to
treat patients with high variability of blood pressure and heart
rale. No detailed information on the factors that affect
day-by-day variability has been published. Urgent clarifica-
tion of modifiable factors that affect blood pressure and heart
rale variability appears warranted to reduce the risk of
cardiovascular death. Until this knowledge becomes avail-
able, our current opinion is that careful management of global
cardiovascular risk is important for high-risk patients with
high day-by-day blood pressure and heart rate variability.
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Predictive value of ambulatory heart rate in the Japanese
general population: the Ohasama study

Atsushi Hozawa®, Ryusuke Inoue®, Takayoshi Ohkubo®®, Masahiro Kikuyad,
Hirohito Metoki®®, Kei Asayamab, Azusa Hara®9 Takuo Hirose®d,

Atsuhiro Kanno®, Taku Obara®, Haruhisa Hoshi¢, Junichiro Hashimoto®®,
Kazuhito Totsune®?, Hiroshi Satoh®' and Yutaka Imai®

Background Resting heart rate can predict cardiovascular
disease mortality or all-cause mortality. Because of the effect
of the alert reaction, heart rates measured out-of-office
should have better predictive power than those obtained at
clinics. However, only a few studies have described the
relationship between heart rate measured by ambulatory
blood pressure monitoring devices and cardiovascular
disease prediction.

Methods We studied 1444 individuals from the Japanese
general population who did not have a history of
cardiovascular diseases including arrhythmia. We used
multiple adjusted Cox proportional hazards to calculate the
mortality risk of daytime heart rate, night-time heart rate, and
the day-night heart rate dip ratio [day-night heart rate dip
ratio = (daytime heart rate — night-time heart rate)/daytime
heart rate X 100].

Results After 12 years of follow-up, 101, 195, and 296
participants died due to cardiovascular diseases,
noncardiovascular diseases, and all causes, respectively. As
shown by others, neither daytime nor night-time heart rate
predicted cardiovascular disease mortality, whereas both
predicted noncardiovascular disease mortality. The day-
night heart rate dip ratio was significantly related to all-cause
mortality. When night-time heart rate and day-night heart
rate dip ratio were simultaneously included into the same Cox
model, only night-time heart rate significantly and inde-
pendently predicted all-cause mortality (relative hazard per
10 bpm increase = 1.29, 95% confidence interval, 1.07 -1.54).

Introduction

Resting heart rate (HR) can predict mortality due to
cardiovascular diseases (CVD) and all causes [1,2]. These
findings have mainly been obtained in clinical settings [2].
Heart rate and blood pressure (BP) measured in a clinical
environment are affected by the alert reaction, also known
as the white-coat phenomenon [3]. Thus, out-of-office
values should be more relevant predictors of mortality.
Ambulatory BP values or self-measured BPs at home
(home BP) do in fact have better predictive power than
office BP [4-7]. However, only a few investigators have
reported the predictive value of HR measured by ambu-
latory BP monitoring [8—11]. Most of these studies found
that daytime HR did not predict CVD mortality [8-10].

0263-6352 © 2008 Woiters Kluwer Health | Lippincott Williams & Wilkins

Conclusion Night-time heart rate value seems to have the
most important predictor of all-cause mortality among
ambulatory heart rate parameters in this population.
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Conversely, night-time HR predicted all-cause mortality
in some of these studies [9,11]. These results suggest that
HR at nighr, thac is, at rest, might have better predictive
power than daytime HR and that the day—night HR dip
can also predict all-cause mortalicy. The prognostic value
of ambulatory HR has mostly been investigated among
participants with hypertension [8,9,11].

Therefore, the present study investigated (1) which
component of ambulatory HR predicts mortality, (2)
whether the day-night HR dip predicts mortality, or
(3) the night—day difference in HR predicts mortality,
independently of night HR in the general Japanese
population.
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Methods

Study population

The general population of Ohasama, a rural community of
Japan, participated in a longitudinal, observational scudy of
ambulatory BP monitoring called the Ohasama study,
details of which have been reported elsewhere [12,13].
From 1988 until 1994, we contacted all 2716 individuals
aged 40 years or more who resided in three of four Ohasama
districts. We excluded individuals who worked outside
the town (#=>575), who were hospitalized (#=121), or
who had dementia or who were bedridden (#=31). We
obtained ambulatory BP data on 1542 residents (mean age,
61.7 years; men, 37%). We then excluded 98 residents wich
a history of CVD including those with arthythmia because
the HR value might be affected. Consequently, we ana-
lyzed 1444 residents who provided written, informed
consent to participate in the study, which was approved
by the Institutional Review Board of Tohoku University
School of Medicine.

Ambulatory blood pressure monitoring

The ambulatory BP and HR were monitored every 30 min
with a fully automatic device (ABPM630, Nippon Colin,
Komaki, Japan) that met the criteria of the Association for
the Advancement of Medical Inscrumentation [14]. We
used the cuff-oscillometric mechod for the analysis. Parrici-
pants were instructed to proceed with their normal activi-
ties during measurements. We determined ‘daytime’ and
‘night-time’ as the waking and sleeping periods, respect-
ively, of each participant recorded in diaries. The mean
duration of monitoring was 23.3+1.6h, and the mean
number of measurements was 45.5+4.8. Artifacts of
BP measurements during monitoring were defined as
described [15] and were omitted from the analysis. We
only analyzed ambulatory BP and HR data that were
obtained for 8 and 4h or more during the daytime and
night-time, respectively. The day-night BP dip ratio was
cstimated as (daytime BP — night-time BP)/daytime
BP x 100 [16]. The day—night HR dip ratio was estimated
as (daytime HR — night-time HR)/daytime HR x 100.

Follow-up

Residence in Ohasama as of December 31, 2004, was
confirmed by examining the regiscration cards of the
residents. We reviewed death certificates from the
national mortalicy registry and confirmed the results
by comparison with the medical records of Ohasama
Hospital, which is the only hospital in the town, and
where more than 90% of residents undergo regular check-
ups. Most patients were admitted to Ohasama Hospital,
where stroke was diagnosed by computed tomography or
MRI of the brain. According to recommendations of the
10th Revision of the International Classification of Dis-
cases (ICD-10) of the World Health Organization, we
defined CVD death as morrality related to diseases of the
circulatory system (ICD-10 code I). Stroke, heart discase,
cancer, and respiratory discases were ICD code 16, | other

than 16, C00-D48, and ], respecrively. The characteristics
of the causes of deach in the Ohasama study are described
elsewhere [13].

Data analysis

We investigated the association between ambulatory HR
or the day-night HR dip ratio and mortality in this
population. We compared the baseline characteristics
according to daytime HR, night-time HR, and the
day—night HR dip ratio using analysis of variance or
the x* test. The relative hazards of daytime, night-time
HR, or the day—night HR dip ratio were calculated using
the Cox proportional hazards regression model. We
tested the age—sex adjustment model and the muldiple
adjustment model adjusted for age, sex, antihypertensive
medication, smoking habit (current vs. nonsmoking),
history of diabetes mellitus, hyperlipidemia, and systolic
BP at corresponding measurement. In the quartile
analysis, the lowest HR quartile or the largest day—night
HR dip ratio quartile comprised the reference group. To
exclude the effect of antihypertensive medication on
HR, we further analyzed an untreated subgroup. To test
whether the prognostic significance of the day—night HR
dip ratio on mortality was independent of night-time HR,
we included both night-time HR and day-night HR dip
ratio into the same Cox model. A value of P less than 0.05
was considered to indicate statistical significance.

Results

Table 1 shows the baseline characteristics of participants
according to the ambulatory HR value quartile. Younger
residents tended to have a higher daytime HR. As a
consequence, the prevalence of residents who were tak-
ing antihypertensive medication was higher in the group
in the lowest daytime HR quartile. We also found an
inverse relationship between night-time HR and age.
The proportion of men was higher in the lower daytime
and night-time HR quartiles. Although the individuals
were relatively young, both daytime and night-time
systolic BP were the highest in the highest night-time
HR quartile. A smaller day—night HR dip ratio was
associated with more advanced age, higher smoking rate,
and more frequent use of antihypertensive medication.
The BP and HR dip ratios were not closely associated.

After an average 12.54 3.4 years (up to 16.6 years) of
follow-up, 101 residents died of CVD (stroke, 46; heart
disease, 55) and 195 of non-CVD (cancer, 83: noncancer
non-CVD, 112; comprising respiratory diseases, 41; other,
71). Of the 1444 original participants, 32 (2.2%) moved or
were lost to follow-up.

Table 2 shows the relationships between daytime HR
and night-time HR and CVD, non-CVD, and all-cause
mortality. Neither daytime nor night-time HR was signifi-
cantly associated with CVI) mortality, but both predicted
non-CVD mortality. The relative hazard [95% confidence
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Baseline characteristics according to ambulatory heart rate: the Ohasama study

Diastolic BP (mmHg)
HR (bpm)

Daytime

Systolic BP (mmHg)

Diastolic BP (mmHg)
HR (bpm)

Night-time
Diastolic BP (mmHg)

HR (bpm)
BP dip ratia (%)
HR dip ratio (%)

Systolic BP (mmHg)

Systolic BP (mmHg)
HR dip ratio = (daytime HR — night-time HR)/daytime HR x 100; BP dip ratio = (daytime BP — night-time BP)/daytime BP x 100. BP, blood pressure; CVD, cardiovascular diseases; DM, diabetes mellitus; HL, hyperlipidemia; HR,

heart rate; HT, hypertension.

Numbers of participants

Age (years)

Sex (male) (%)

HR or HR dip ratio value
Obesity (%)

Smaking {current %)
History of DM (3)
History of HL (%)
Treatment of HT (%)
24-h

Table 1
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interval (CI)] values of daytime or night-time HR per
10bpm increase for non-CVD mortality were 1.28
(1.08-1.52) and 1.48 (1.22-1.79), respectively. Due to
the close association between ambulatory HR components
and non-CVD mortality, both daytime and night-time
HR also tended to be associated with all-cause morcalicy.
The magnitude of relative hazard was higher in night-
time than in daytime HR. These associations between
daytime or night-time HR and mortality persisted in
participants who were not taking anthypertensive medi-
cation. For cause-specific mortality, night-time HR was
significantly associated with cancer mortality (relative
hazard per 10bpm increase =1.69, 95% CI, 1.27-2.24)
and noncancer non-CVID morrtality (relative hazard per
10bpm increase = 1.34, 95% CI, 1.30-1.73). Daytime HR
was also significantly associated with noncancer non-CVD
mortality (relative hazard per 10 bpm increase = 1.34, 95%
CI, 1.07-1.69). However, daytime HR did notsignificantly
relate to cancer mortalicy (relative hazard per 10bpm
increase = 1.21, 95% CI, 0.92-1.57).

Table 3 shows that the relationship berween the day—
night HR dip rartio and all-cause mortality was weaker,
but significant. The relative hazard (95% CI) of a 10%
increase in the day—night HR dip was 0.85 (0.72-0.99).
The magnitude of relative hazard values was similar
between CVD mortality and non-CVID mortalicy, alchough
statistical significance was notachieved. These associations
became closer when participants on antihypertensive
medication were excluded from the analysis.

When we included both night-time HR and day—night
HR dip ratio into the same model, only night-time HR
significantly and independently predicted non-CVD
mortality (relative hazard per 10bpm increase = 1.48,
95% CI, 1.19-1.84) and all-cause mortality (relative hazard
per 10bpm increase = 1.29, 95% CI, 1.07-1.54). Day-
night HR dip ratio predicted neither mortality: relative
hazards (95% CI) of a 10% increase in the day—night HR
dip for non-CVD mortality and all-cause mortality were
1.01 (0.81-1.25) and 0.94 (0.79-1.13), respectively.
Neither night-time HR nor day-night HR dip ratio
significantly predicted CVD mortality (data not shown).

Discussion

Ambulatory HR and CVD mortality were not signifi-
cantly associated, whereas ambulatory HR predicted
non-CVD mortality in this general Japanese population.
Although the day—night HR dip ratio was significantly
related to all-cause mortality, the relation disappeared
when night-time HR was simultaneously adjusted in the
multivariate analysis. Thus, the night-time HR is the
most important paramcter among ambulatory HR com-
ponents to predicet all-cause mortality.

Resting HR is considered an integrated index of the
influence on the heart of the autonomic nervous system,
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Table 2 Relationship between ambulatory heart rate and mortality: the Ohasama study, 1988-2004

Relative hazard per

Relative hazard per

10 bpm increase 10bpm increase
Q1 Q2 Qs Q4 (continuous) (continuous)®

CVD mortality

Daytime HR <68.2 68.3-73.6 73.6-78.7 788<

N 361 ae1 361 361 1444 1049

CVD deaths as 33 14 16 101 53

Age-sex adjusted RH (95% CI) Reference 1.16 (0.73-1.86) 0.76 (0.40-1.46) 0.79 (0.43—1.46) 0.90 (0.70-1.186) 1.003 (0.70-1.44)

Multiple adjusted RH (95% CI) Reference 1.25 (0.76-2.04) 0.77 (0.41-1.48) 0.81 (0.43-1.52) 0.90 (0.70-1.186) 0.95 (0.65-1.40)

Night-time HR <54.2 54.3-58.4 58.5-63.1 63.2<

N 359 362 362 361 1444 1049

CVD deaths 27 30 23 21 101 53

Age-sex adjusted RH (95% Cl) Reference 1.46 (0.86-2.46) 1.26 (0.72-2.22) 1.14 (0.64-2.04) 1.09 (0.82-1.44) 1.24 (0.85-1.81)

Multiple adjusted RH (95% CI) Reference 1.54 (0.89-2.67) 1.41 (0.79-2.53) 1.09 (0.59-2.01) 1.07 (0.80-1.43) 1.18 (0.80-1.75)
Non-CVD mortality

Daytime HR <68.2 68.3-73.5 73.6-78.7 78.8<

N 361 361 3861 361 1444 1049

Non-CVD deaths 56 46 47 46 195 117

Age-sex adjusted RH (95% ClI) Reference 1.06 (0.72-1.57) 1.38 (0.91-2.08) 1.32 (0.88-1.98) 1.30 (1.10-1.54) 1.29 (1.02-1.62)

Multiple adjusted RH (95% ClI) Reference 1.03 (0.68-1.56) 1.33 (0.88-2.01) 1.26 (0.83-1.91) 1.28 (1.08-1.52) 1.27 (1.002-1.60)

Night-time HR <b4.2 54.3-58.4 5B.5-63.1 63.2<

N 359 362 362 361 1444 1049

Non-CVD deaths 47 42 44 62 195 117

Age-sex adjusted RH (95% Cl) Reference 1.06 (0.70-1.61) 1.29 (0.85-1.95) 1.76 (1.20-2.68) 1.51 (1.25-1.82) 1.68 (1.26-2.00)

Multiple adjusted RH (95% Cl) Reference 1.05 (0.69-1.61) 1.18 (0.77-1.80) 1.74 (1.17-2.68) 1.48 (1.22-1.79) 1.66 (1.23-1.98)
All-cause mortality

Daytime HR <68.2 68.3-73.5 73.6-78.7 78.8<

N 361 361 361 361 1444 1049

All cause deaths 94 79 61 62 206 170

Age-sex adjusted RH (95% Cl) Reference 1.10 (0.81-1.49) 1.15 (0.82-1.62) 1.12 (0.80-1.58) 1.15 (1.001-1.33) 1.20 (0.98~1.45)

Muiltiple adjusted RH (95% ClI) Reference 1.11 (0.81-1.52) 1.13 (0.80-1.60) 1.09 (0.78-1.54) 1.14 (0.99-1.32) 1.17 (0.96-1.43)

Night-time HR <54.2 54.3-58.4 58.5-63.1 63.2<

N 369 362 362 361 1444 1049

All cause deaths 74 72 687 83 296 170

Age-sex adjusted RH (95% Cl) Reference 1.20 (0.86-1.66) 1.28 (0.92-1.79) 1.54 (1.12-2.11) 1.36 (1.16-1.59) 1.47 (1.21-1.80)

Multiple adjusted RH (95% ClI) Reference 1.21 (0.86-1.69) 1.25 (0.89-1.76) 1.51 {1.08-2.09) 1.33 (1.13-1.56) 1.44 (1.18-1.77)

Multiple adjusted RH: adjusted for age, sex antihypertensive medication, smoking, history of DM, hyperlipidemia, and systolic BP at corresponding measurement. Cl,

confidence interval; CVD, cardiovascular diseases; DM, diabetes mellitus; HR, heart rate; RH, relative hazard.

which is associated with atherosclerosis [2]. Resting HR
is also a marker of several CVD risk factors, such as
impaired physical activity, pulmonary function, or sub-
clinical heart failure [2]. Through these mechanisms,
resting HR, including HR measured at home [17], is
related to CVD mortality and morbidity in large epide-
miological studies [1,2]. As night-time HR should be
better marker of resting HR, we primarily postulated

"No antihypertensive medication.

Table 3 Relationship between day-night heart rate dip ratio and mortality: the Ohasama study, 1988-2004

that night-time HR could predict CVD mortality. How-
ever, the present findings contradicted this notion and
were consistent with those of prior studies of the relation-
ship between ambulatory HR and CVD mortality and
morbidity. Progetto Ipertensione Umbria Monitoraggio
Ambulatoriale (PTUMA) study [8], Systolic Hypertension
in Europe (Syst-Eur) study [9], and Pressioni Arceriose
Monitorate E Loro Associazioni (PAMELA) study [10]

Relative hazard per 10%  Relative hazard per 10%

Qi Q2 Q3 Q4 increase (continuous) increase (continuous)®
HR dip ratio >245 19.6-24.4 148-19.4 148
N 361 362 360 361 1444 1049
CVD mortality
Event 15 17 39 30 101 83
Age-sex adjusted RH (95% Cl) Reference 0.98 (0.48-1.98) 2.48 (1.36-4.52) 1.31 (0.69-2.47) 0.78 (0.60-1.02) 0.78 (0.54-1.12)
Multiple adjusted RH (95% Cl) Reference 0.89 (0.43-1.83) 2.19 (1.19-4.03) 1.20 (0.63-2.27) 0.85 (0.65-1.12) 0.77 (0.53-1.13)
Non-CVD mortality
Event 39 42 45 69 195 117
Age-sex adjusted RH (95% Cl) Reference 0.95 (0.61-1.49) 1.08 (0.70-1.66) 1.25 (0.84-1.87) 0.83 (0.69-1.01) 0.75 (0.59-0.96)
Multiple adjusted RH (95% CI) Reference  0.99 (0.64-1.55) 1.05 (0.68-1.63) 1.25 (0.83-1.87) 0.84 (0.70-1.02) 0.76 (0.60-0.97)
All-cause mortality
Event b4 59 84 99 296 170
Age—sex adjusted RH (95% CI) Reference 0.96 (0.66-1.40) 1.46 (1.04-2.06) 1.27 (0.90-1.78) 0.82 (0.70-0.95) 0.76 (0.62-0.93)
Multiple adjusted RH (95% Cl) Reference 0.98 (0.67-1.43) 1.37 (0.97-1.94) 1.23 (0.88-1.74) 0.85 (0.72-0.99) 0.76 (0.62-0.94)

Multiple adjusted RH: adjusted for age, sex antihypertensive medication, smoking,
HR — night-time HR)/daytime HR x 100. Cl, confidence interval, CVD, cardiovascular

210 —

history of DM, hyperlipidemia, and 24-h systolic BP. HR dip ratio = (daytime
diseases; HR, heart rate; RH, relative hazard. *No antihypertensive medication.



reported the relation of night-time HR with CVD
mortality or morbidity, whereas none of them found
statistically significant associations. Although the reason
for discrepancy between relation of clinic HR with
CVD mortality and relation of ambulatory HR with
CVD mortality was unknown, sympathetic activation
due ro alarm reaction on HR might have some prognostic
significance. Further studies, which investigated the
reladon between alarm reaction on HR and CVD mor-
tality, might be able to answer the reason for the dis-
crepancy. In any case, as resting HR measured at the
office is known to be a risk factor for CVD) mortality, risk
of office tachycardia should not be overlooked.

Resting HR is also related to non-CVID) mortality [2] and
has been explained as being due to flailed condition, poor
respiratory funcrion, or hypoxia [9]. Because we did not
have baseline information about the above confounding
factors, we could not clarify whether HR itself can predict
non-CVD mortality. However, we found a stacistically
significant relationship between ambulatory HR and non-
CVD mortality, as did the Syst-Eur study [9]. Palatini
et al. [9] reported that the highest quartile of daytime
or night-time HR had significantly higher non-CVD
mortality than any other HR quarrtile. Thus, ambulatory
HR has the potential to predict non-CVD mortalicy.
Furthermore, as a consequence of this positive relation-
ship with non-CVD mortality, daytime or night-time HR
can also predict all-cause mortality. This finding is also
consistent with those of the Syst-Eur study [9] and the
recent findings of Ben-Dov er 4/ [11], indicating a
positive relationship between sleep HR and all-cause
mortality.

Because of the closer relationship between night-time
HR, than daytime HR and non-CVD mortality, the
absence of a dip in day—-night HR should be related to
non-CVD mortality or all-cause mortality. We uncovered
a significant relationship in the present study, as did the
PIUMA study [8] and that of Ben-Dov ef @/. [11]. The
magnitude of relative hazard per 10% increase in the
day—night HR dip ratio was mostly consistent for CVD),
non-CVD, and all-cause mortalicy. Thus, this indicator
might predict not only non-CVD mortality but also CVD
mortality. Further, larger studies are required to confirm
this supposition.

However, whether night-time HR itself or the absence of
a day-night dip is important for predicting non-CVD
mortality remained obscure. We, therefore, included
both night-time HR and day—night HR dip ratio into
the same model for predicting mortaliry. In the analyses,
we found that night-time HR alone significantly pre-
dicted non-CVD mortality and all-cause mortality. Thus,
night-time HR rather than the dip ratio seemed import-
ant for predicting all-cause mortality. That is, night-time
HR is important for predicting all-cause mortality.
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Further studies are also required to confirm these
findings.

We identified a linear association between night-time HR
and non-CVD mortality. Because risk was statistically
and significantly increased in the highest quartle of
night-time HR for risk of both non-CVD mortality and
all-cause mortality, participants in this population with
night-time HR greater than 63 bpm could be considered
as being at high risk for non-CVD mortality.

The present study has several limitations. Firstly,
because the Ohasama study did not obtain HR values
in the clinical setting, we did not examine whether the
predictive power of night-time HR was superior to that of
clinic HR. Thus, we could not test whether ambulatory
HR monitoring can generate additional predictive infor-
mation to clinic HR. Secondly, as this study is observa-
tional, we could not conclude that reducing HR could
reduce mortality rates. Interpretation of an intervention
study thar targets a reduction in heart rate is required
to address this issue. Thirdly, because we did not have
darta about possible confounding factors such as level of
physical activity, presence of anemia, or respiratory func-
tion, we could not conclude whether or not HR itself
predicts mortality. However, we could at least conclude
that ambulatory HR can be a marker of prognosis.

In conclusion, we found that ambulatory HR has the
potential to predict non-CVD mortality and thac the
absence of a dip in the day—night HR ratio could predict
all-cause mortality. Finally, night-time HR seemed to be
the most important predictor of all-cause mortality among
ambulatory HR parameters in this Japanese population.
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pressure measurement in patients with office hypertension
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Objective Cost-effectiveness of hypertension treatment is
an important social and medical issue in Western as well as
in Eastern countries, including Japan. Home blood pressure
(HBP) measurements have a stronger predictive power for
cardiovascular events than casual clinic blood pressure
(CBP) measurements. Therefore, the introduction of HBP
measurement for the diagnosis and treatment of
hypertension should lead to a decrease in medical
expenditure. This study presents calculations of the cost
savings likely to take place when HBP is implemented for
newly detected hypertensive subjects in Japan.

Design and methods We estimate the cost savings from
the perspective of a Japanese healthcare system. To
estimate the costs associated with changing from CBP to
HBP measurement as the diagnostic tool, we constructed a
simulation model using data from the Ohasama study.
These calculations are based on current estimates for cost
of treatment, prevalence of white-coat hypertension at
baseline, and varying the incidence of new hypertension
after the initial screening.

Results When HBP measurement is not incorporated into
the diagnostic process, the medical cost is estimated at
US$10.89 million per 1000 subjects per 5 years. When
HBP measurement is incorporated, the medical cost is
estimated at US$9.33 million per 1000 subjects per

5 years. The reductions in medical costs vary from

Introduction

Soaring medical costs have become a major social pro-
blem in developed countries in recent years, and there is
an increasing need to examine healthcare from an
economic perspective in order to make truly effective
and efficient use of limited healthcare resources. For
example, in 2002, medical costs for hypertensive
disease in Japan totaled approximartely US$16.2 billion
(1.95 rrillion yen) and accounted for one-third of the
medical costs associated with all cardiovascular disease
[1]. Moreover, because hypertension is a major risk
factor for diseases such as ischemic heart disease,
congestive heart failure, and stroke, it is predicted that
the medical costs associated with these and other
hypertension-related diseases will eventually escalate
to enormous levels [2].

0263-6352 © 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins

US$674 000 to US$2.51 million per 1000 subjects per
5 years for treatment of hypertension, when sensitivity
analysis is performed.

Conclusions The introduction of HBP measurement for the
treatment of hypertension is very useful for reducing
medical costs. J Hypertens 26:685-690 © 2008 Wolters
Kluwer Health | Lippincott Williams & Wilkins.
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The diagnosis, prevention and treatment of hyperten-
sion has generally been based on the measurement of
casual clinic blood pressure (CBP), which is the blood
pressure (BP) determined in a healthcare setting. How-
ever, CBP may be affected by biases such as the so-called
white-coat effect, which results from a defense reaction,
and may not reflect the individual’s true blood pressure

[3,4].

Self-measurement of BP at home (HBP) more closely
reflects the individual’s BP and is useful in treating
hypertension. HBP measurements have been reported
to provide more reliable and reproducible blood pressure
informarion, since they allow multiple measurements and
avoid observer bias as well as regression dilution biases
[5]. Moreover, the use of HBP measurement helps

— 213 —



686 Journal of Hypertension 2008, Vol 26 No 4

patients feel involved in their own treatment and can
therefore improve medication compliance [3,4]. HBP is
also a better predictor of cardiovascular complications

than CBP [5-7].

The use of HBP for untreated hypertensive patients,
initially detected by CBP, to define those with lower
home blood pressures, has led to concept of white-coat
hypertension (WCH) [8]. Pooled results from several
prospective observational studies have shown that the
likelihood for future stroke in WCH is nearly that of
normal subjects at 5-year follow-up intervals [9]. WCH
may also be related to a more favorable overall cardio-
vascular risk profile, reflected by lower body mass index
and favorable serum lipid pacterns [10].

Otherwise, introduction of ambulatory blood pressure
monitoring (ABPM), which can detect WCH, has also
been reported to lower medical costs [11,12]. In a recent
cost analysis from the USA, the reduction in costs due to
use of ABPM varied from 3 to 14% [11]. Likewise, in
another cost analysis from Australia, the reduction in costs
due to ABPM varied from 7 to 14% [12]. A similar analysis
for HBP has not yet been conducted.

In the present analysis, we used dara from the Ohasama
study [5,6,13-15], a cohort study of hypertension in
which both HBP and CBP were measured, and statistical
data published by the Ministry of Health, Labor and
Welfare of Japan [16-20]. The present study presents
calculations of the cost reductions likely to take place
when HBP  monitoring is implemented for newly
detected hypertensive subjects.

Methods

The analysis was carried out using a Markov model
constructed in the decision-analytic program package
DATA (TreeAge Software, Inc., Williamstown, Massa-
chusetts, USA). This model takes into account the fol-
lowing elements: the cost for introduction of HBP and of
trcatment for hypertension; the prevalence of WCH
during initial screening; estimates of the annual inci-
dence of new hypertension during follow-up; and an
cstimate of annual loss to follow-up and treatrment.

We estimated two kinds of cost, the cost for introduction
of HBP and the cost of treatrment for hypertension, from
the Japanese insurance perspective. First, the cost for
introduction of HBP is 0 dollars per 5 years. That is, we
assumed that patients bought their own HBP devices. We
calculated the break-even cost for the introduction of
HBP. Second, based on the Annual Statistics Report from
the Ministry of Health, Labor and Welfare, in 2002, the
total medical cost associated with hypertension was
US$16.7 billion (1.94 trillion yen), while the number
of hypertensive patients was 6.98 million. From these
data, the annual cost of treatment for hypertension per
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person was calculated to be US$2407 (280000 yen)
(1 dollar =116.35 yen in February 2006).

For this analysis, a 16.5% prevalence of WCH was chosen
for the Ohasama study [21]. Moreover, the effect of
varying prevalence of WCH from 8.2 to 24.7% was
also evaluated. This is consistent with current recom-
mendations that the diagnosis of WCH be based on
< 135/85 mmHg for HBP.

We estimated the annual incidence of new hypertension
in subjects with WCH as 7.4%, based on the Ohasama
study [21]. This rate was varied from 3.7 to 14.9% in a
sensitivity analysis.

The estimate of annual dropout or loss to follow-up used
in this analysis was 5% for all of the groups and is a
conservative one. Although very high rates of retention in
treatment have been observed in some clinical trials, such
as the Antihypertensive and Lipid-Lowering Treatment
to Prevent Heart Accack Trial [22], lower retention rates
have also been observed in practice-based studies [23]. Ic
is likely that dropout rates in nonresearch sertings, that is,
usual clinical practice, are far higher than 5%, bur
additional surveys are needed to establish this estimate.

In summary, the model began with 1000 subjects, initially
labeled as hypertensive, based on screening using CBP.
The baseline prevalence of WCH was 16.5% and the
incidence of newly confirmed hypertension, after initial
assessment, was 7.4%. We performed a sensicivity
analysis to test the robustness of the results to key
assumprions. In a sensitivity analysis, the prevalence of
WCH varied from 8.2 to 24.7%, and the incidence of
newly confirmed hypertension was varied from 3.7 to
14.9% (Table 1). Calculations for these groups were made
over a S-year period for the following: total trearment
years; costs for hypertension treatment; and break-even
costs for introduction of HBP,

Results

Baseline case

We separated patients into a group without HBP use and
a group with a baseline prevalence of WCH of 16.5% and

Table 1 Estimates of cost and transition probability

Cost or transition probability
{sensitivity analysis)

uss$o
us$2407

The cost for introduction of HBP (/5 years)
The annual cost per patient of
treatment for hypertension
The prevalence of WCH during
initial screening
The annual incidence of new hypertension®

16.5% (8.2-24.7%)

7.4% (3.7-14.9%)

HBP, home blood pressure monitoring; WCH, white-coat hypertension.
US$1 = 116.35 yen in February 2006. * The annual incidence of new hyperten-
sion applies only to white-coat hypertensives since patients were limited to
subjects with WCH or sustained hypertension.



Table 2 Baseline case

Total treatment years Total medical cost

(person years) (million US$)
No use of HBP 4524 10.89
Introduction of HBP 3875 9.33
Reduction for HBP 649 1.66

HBP, home blood pressure menitoring. US$1 = 116.35 yen in February 2006.

annual incidence of new hypertension of 7.4%. The
results of this model over a S-year period estimated that
the medical cost was US$10.89 million (1.27 billion yen)
per 1000 subjects per 5 years when HBP measurement
was not incorporated, and US$9.33 million (1.09 billion
yen) per 1000 subjects per 5 years when HBP measure-
ment was incorporated. Thus, when HBP measurement
was incorporated, the reduction in medical cost was
estimated to be US$1.56 million (181.7 million yen)
per 1000 subjects per 5 years (Table 2).

Sensitivity analysis

Table 3 compares the effect of varying the initial preva-
lence of WCH from 8.2 to 24.7% and the annual inci-
dence of new hypertension from 3.7 to 14.9% on the toral
cost of treatment over 5 years, using the minimum for
treatment costs. Compared with the treatment years
without using HBP, 4524 person years, the reductions
in treatment years vary from minimum of 280 person
years to a maximum of 1041 person years. Compared with
the cost for treatment without using HBP, US$10.89
million (1.27 billion yen), the reductions in costs vary
from a minimum of US$674 000 (78.47 million yen) to a
maximum of US$2.51 million (291.7 million yen), result-
ing in savings of 6.2 to 23.0% (Table 3). When we
conducted sensitivity analysis for the estimate of annual
dropout or loss to follow-up, varying from 0 to 20%, the
resules were essentially similar (data not shown).

The break-even cost for introduction of HBP is shown in
T'able 4. When the prevalence of WCH is 16.5% and che
annual incidence of new hypertension is 7.4% (baseline
case), the break-even cost is US$1561.8 (181 700 yen) per
5 years per patient. The range of break-even costs of
introduction of HBP varies from a minimum of US$674.4
(78470 yen) when the prevalence of WCH is 8.2% and
annual incidence of new hypertension is 14.9%, to a

Table 3 Sensitivity analysis

Cost-effectiveness of home BP measurement Fukunaga et al. 687

Table 4 Break-even cost for introduction of HBP

Prevalence of Annual incidence Break-even cost for introduction
WCH (%) of new HT (%) of HBP (US$/5 years)
8.2 3.7 8323
8.2 7.4 776.2
8.2 14.9 674.4
16.5 a.7 1674.9
16.5 7.4 1561.8
16.5 14.9 1357.0
24.7 a7 2507.2
24.7 7.4 23379
247 149 2031.5

HBP, home blood pressure monitoring; HT, hypertension; WCH, white-coat
hypertension. US$1 = 116.35 yen in February 2006.

maximum of JS$2510 (291 700 yen) when the prevalence
of WCH is 24.7% and annual incidence of new hyperten-
sion is 3.7%.

Discussion

HBP is considered more useful than CBP for many
reasons [3—7]. The results presented here indicate that
use of HBP to detect definite hypertension, initially and
during follow-up of those inidally identified as having
WCH, may substantially reduce the cost of management
for hypertension. It is predicted that the introduction of
HBP for hypertension treatment would result in a
reduction of US$1.56 million (181.7 million yen) per
1000 persons per 5 years. The reduction in cost will be
most evident when the prevalence of WCH is high but
the incidence of newly confirmed hypertension is low.

In this analysis, the assumption that patients pay for the
devices used for self-measurement of blood pressure at
home may favor home blood pressure measurement.
However, in Japan, national statistics on industrial pro-
ducts shows that 30 million home blood pressure devices
have already been distributed and that 2.5 million devices
are being sold annually [24]. Our questionnaire survey
conducted in 2005 supports these numbers. The preva-
lence of home blood pressure users was 77% in hyper-
tensive partients and even 39% in normotensive subjects
[25]. Given these data, the proportion of individuals
who need to buy HBP devices should be minimal.
Furthermore, the break-even costs for the introduction
of HBP calculated in the present study (US$674—-1560
according to the sensitivity analysis) were apparently

Prevalence of WCH (%) Annual incidence of new HT (%) Treatment years Cost reduction for HBP (thousand US$) Percentage of no HBP
8.2 3.7 4179 832.3 92.4
8.2 7.4 4202 776.2 92.9
8.2 149 4244 674.4 93.8

16.5 3.7 3828 16749 B4.6

165 7.4 3875 1561.8 B85.7

16.5 14.9 3960 1357.0 875

24.7 3.7 3483 2507.2 77.0

247 74 3553 23379 785

24.7 149 3680 20315 81.3

HBP, home blood pressure monitoring; HT, hypertension; WCH, white-coat hypertension. US$1 = 116.35 yen in February 2006,
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over the general purchase cost of HBP devices (around
US$50-100 dollars). These data indicate cthat even if the
cost of HBP devices was met by health insurance, the
cost to health insurance for the management of hyper-
tension would be reduced. We consider that our present
study provides basic information for decision-making on
the introduction of HBP measurement in the health
insurance system.

The present analysis suggests that introduction of HBP
measurement would reduce the cost of hypertension
treatment, and cthat this reduction would be actributed
to avoiding unnecessary antihypertensive treatment for
subjects with WCH. A previous study also reported a
reduction in medical costs in patients diagnosed accord-
ing to HBP when compared to those diagnosed according
to CBP [26]. The latter study also actributed these
reductions to avoiding unnecessary antihypertensive
treacment in white-coat hypertensive subjects. Moreover,
to detect WCH and delay treatment for hypertension will
reduce treatment years and may result in sustained
qualicy of life for those not receiving antihypertensive
medication who do not need it [27].

The calculations used were based on currently available
estimates in Japan for the prevalence of WCH in recently
detected hypertensive groups and costs for hypertension
treatment. The estimaces for incidence of new hyperten-
sion in WCH were based on patterns for new clinic
hypertension derived from the Ohasama study [21].
These estimates are consistent with small-scale studies
using ABPM, with rates for new hypertension varying
from < 5% to nearly 20% [28,29]. By using a range of
estimates for new hypertension during follow-up of the
WCH subjects, the calculated results may apply to differ-
ent groups where the expected prevalence of WCH and
the incidence of newly confirmed hypertension vary in
relation to age, level of pressure, and pattern of cardio-
vascular risk factors. In the present analysis, however,
various estimates were adopted from the Ohasama study,
while in the sensitivity analysis the cost was reduced in all
cases, indicating that these results would be reliable.

The study was based on the assumption that WCH is an
innocent condition, although no apreement exists on
whether WCH s clinically innocent or has an adverse
prognostic significance. A meta-analysis of clinically
hypertensive patients has demonstrated that the risk of
stroke morbidity in subjects with WCH was similar to
that of true normotensive subjects by an average of 5
years of follow-up [9]. Furchermore, in the latest and
largest mera-analysis of four prospective studies in the
general populartion, the International Database of Ambu-
latory blood pressure in relation to Cardiovascular Out-
come (IDACO), demonstrated that the risk of toral fatal/
nonfatal cardiovascular events in subjects with WCH
during a median follow-up period of 10 years was similar
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to the risk in true normotensive subjects [1.22; 95%
confidence interval (CI) = 0.96—1.53] without substantial
heterogeneity by the duration of follow-up in each study
(9.3-13.1 years) [30]. Therefore, for at least for 5 and
possibly 10 years, the risk of WCH is considered to be
similar to that of true normotensive subjects. In the
present analysis we calculated the cost-effectiveness of
HBP introduction over 5 years. Thus, our assumption that
WCH is an innocent condition would be valid in the
current analysis.

The definition of WCH in the present analysis was based
on that of the Ohasama study. Therefore, the diagnosis of
office hypertension was based on two blood pressure
measurements taken at a single office visic by nurses
using a semi-automatic device, and that of home hyper-
tension was based on 20 self-measurements obrained
during a 4-week period using a semi-automatic device.
The thresholds for the definition of WCH were 140/90
and 135/85 mmHg for office and home BP, respectively.
This comparison may not be ideal for office blood pres-
sure measurements and may favor self-home blood pres-
sure measurements. However, in the Ohasama study,
even when the number of measurements (two) was the
same as office measurements, home BP had a stronger
predictive power for cardiovascular mortalicy and stroke
morbidity [5,6]. These findings were confirmed in an
Tralian population study (the PAMELA study) chat showed
asuperior predictive value of home BP over office BP, even
though office blood pressure was the average of six
readings measured three times at two office visits, while
the home BP was the average of only two measurements
[31]; no data are currently available regarding the compari-
sonof predictive powerof home BP and office BP measured
more thansix times at three or more office visits. Therefore,
the present data may not be applicable to conditions
where multiple office measurements are usually available
during repeated office visits. Home BP is unique in that
it is possible to conduct multiple BP measurements over
a long period. Regarding the prevalence of WCH, an
increasing number of office BP measurements was
reported to be associated with a lower prevalence of
WCH [32]. Since the diagnosis of office hypertension
was based on two blood pressure measurements in
the present study, it is possible that the prevalence of
WCH might be overestimared; however, we conducted
a sensitvity analysis, varying the initial prevalence of
WCH from 8.2 to 24.7%, and found char the introduction
of HBP was associated with at least a cost reduction of
US$674 000.

The present study has several limitations. First, we did
not target masked hypertension (MHT) in cthis analysis,
alchough increasing evidence has shown that its prognosis
is poor. These patients may have greater target organ
damage than those with normal home BPs and appear to
have morbidity and mortalicy rates that are closer to those



