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Discussion

During late fetal development through shortly after birth,
there is a vulnerable period when death occurs at a rate of 6
to 12 per 1000 live births per year,® and congenital arrhyth-
mia susceptibility may be & significant contributor to this
problem.?'= Life-threatening cardiac arrhythmias during in-
fancy and the perinatal period may go unnoticed owing to the
lack of routine use of electrocardiographic monitoring of the
fetus and newbomn. Studies of 2 large series of autopsied
SIDS victims demonstrated that up to 10% of SIDS cases
may represent genetic disorders of congenital arrhythmia
susceptibility such as the LQTS,>** shont-QT syndrome, 2
and catecholaminergic polymorphic ventncular tachycardia®® Un-
derstanding the genetic risks for perinatal montality should promote
efforts to identify and weat at-risk newboms.

Malignant Perinatal Variant of LQTS

The profoundly dysfunctional SCN5A mutation, G1631D,
produced a clinical entity distinct from typical LQTS (LQT3
subtype). Clinically, subjects with typical LQTS first develop
symptoms (syncope, cardiac arrest, and sudden death) during
late childhood, adolescence, or early adulthood.®?” Many
mutation carriers may in fact be asymptomatic. The 2
probands we described seem to be affected by a very severe
and life-threatening process.

Al the molecular level, most SCN5A mutations associated
with LQTS cause a subtle gain-of-function defect character-
ized by increased persistent current,'®'” The markedly abnor-
mal channe! function we observed for G1631D including a
10-fold slowing of inactivation, substantial shifts in voltage
dependence of activation and inactivation along with greatly
impaired recovery from inactivation represent distinet molec-
ular defects that distinguish this mutation from typical LQT3
alleles. Other SCNSA alleles may similarly predispose to early
onset and severe perinatal arrhythmia syndromes, %37 but the
functional aberrations associated with most of these reported
alleles resemble mutations found in older individuals.

Negative Selection Against SCN5A Mutations
Mutations in SCNSA are represented disproportionately
among SIDS victims who carry occult congenital arthythmia
susceptibility gene mutations when compared with older
LQTS subjects. The lower proportion of SCNSA mutations
among older children and young adults with LQTS when
compared with the higher proportion in SIDS victims may be
the result of negative selection against mutations in the
sodium channel gene. Negative sclection would cause an
ascertainment bias for genotypes in living individuals in
whom survival is favored when carrying mutations having
less severe physiological consequences. In the case of
SCNSA-G1631D, we assumed that without immediate treat-
ment, this mutation would have been lethal, However, sur-
vival after successful treatment confounds the argument for
negative selection.

Congenital arthythmia susceptibility occurring in the peri-
natal and neonatal periods caused by SCN3A mutations
appears biologically distinct from LQTS in older subjects.
Carriers of certain SCNSA mutations may present with earlier
onset and severe congenital arrhythmia syndromes. An illus-
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tration of this idea is recurrent third-trimester fetal loss
attributable to inheritance of an SCNSA mutaton (R1623Q)
from a mother who was mosaic for this deleterious allele ®
The R1623Q mutation, which affects a conserved residue in
the D4/S4 segment nearby the location of G1631D, was
originally identified in a Japanese child with a severe clinical
presentation of LQTS,* and the molecular defect associated
with this allele compromised inactivation to a greater extent
than typical LQT3 mutations.*' Our observations regarding
the seventy of biophysical defects associated with G1631D
also support the idea that earlier onset cardiac symptoms may
sometimes correlate with a severe molecular phenotype.

Genotype-Specific Pharmacological Treatment

The clinical consequences of G1631D were perinatal anhyth-
mias successfully managed in part by pharmacotherapy with
the combination of mexiletine and propranalol. Mexiletine as
well as other sodium channel blockers have been proposed as
gene-specific therapeutic agents in LQT3.92-34 [n vitro studies
have demonstrated the capability of these drugs to selectively
suppress increased persistent current conducted by mutant
channels?*®3% and to normalize ventricular repolarization in
animal models.**37 One study suggested that cenain biophys-
ical properties of mutant Nay 1.5 channels may be predictive
of mexiletine responsiveness. Specifically, Ruun et al*®* found
that among 4 distinct SCN3SA mutations, clinical benefit from
mexiletine treatment was observed only in subjects carrying
mutations that caused a hyperpolarizing shift in steady-state
inactivation and this correlated with in vitro effects of the
drug. However, this observation cannot be extrapolated to all
SCNSA mutations as evidenced by the fuvorable response of
G1631D to mexileting both clinically and experimentally
despite a depolarizing shift in steady-state inactivation (Fig-
ure 3). Similarly, another recently reported SCNSA mutation
(F1473C) was also associated with a favorable clinical
response 1o high-dose mexiletine despite having depolarized
steady-state inactivation.”¥ Additional factors besides those
emphasized by Ruan et al*® are likely to determine the clinical
efficacy of mexiletine.

By contrast, use of f-blockers in the setting of SCN5A
mutations has less certain benefits. Three studies have re-
ported that 8-blockers are generally less efficacious in LQT3-
subjects, but the specific drug used vares considerably ®2%40
For example, in the report by Prioni et al‘® the specific
B-blocker was known in 69% of cases, and this was either
propranolol or nadolol. As we have demonstrated in this
study, propranolol may offer specific advantages in treating
certain SCNSA mutations because of apparent local
anesthetic-like properties of the drug.'®!¥ By contrast, we
recently determined that nadolol hias no activity against
sodium channels (Wang DW, unpublished observations,
2007). The role of propranclol in treating individuals with
SCN5A mutations warrants further study.

Combination pharmacotherapy in the 2 probands with
G1631D may have uniquely contnibuted to their survival. In
the Japanese newborn, mexiletine alone was not adequate to
control ventricular arrhythmia despite shortening of the QT
interval. The addition of proprunolol to the treatment regimen
conferred better arthythmia control and survival. In the Italian
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proband, the coadministrution of mexiletine with propranolol
wus efficacious, but this subject was also treated with
ventricular pacing. Our study demonstrated additive effects of
the 2 drugs at a pulsing frequency of 2 Hz (Figure 8). This
observation suggested that a combination of mexiletine with
propranolol in the setting of modest tachycardia were protec-
uve of ventncular arthythmia caused by G1631D. We explain
this effect by a combination of the intrinsic activity-
dependent loss of channel availability observed for G1631D
(Figure 4B) with the use-dependent drug effects.
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CLINICAL PERSPECTIVE

Mutations in SCNVSA encoding the cardiac voltage-gated sodium channel have been associated with 4 spectrum of increased
sudden death risk extending from fetal life to adulthood. We studied the functional and pharmacological properties of a
novel de novo SCNSA mutation associated with an extremely severe perinatal presentation of congenital long-QT
syndrome, characterized by late third trimester intrauterine fetal heart rhythm disturbances and life-threatening ventricular
arthythmia occurring within hours of emergency cesarean birth, The same mutation (G1631D), which was discovered in
two subjects of different ethnic backgrounds with the same clinical presentation, caused a profound degree of sodium
channel dysfunction that was more severe than that observed for any previous SCN5A variant. Despite the extreme nature
of the mutation and the associated dire clinical scenario, the subjects survived owing to prompt therapeutic interventions,
including treatment with the combination of mexiletine and propranolol, two drugs that exhibited enhanced and additive
activity against the mutant allele. These observations illustrate the role of severe sodium channel mutations in a malignant
perinatal variant of long-QT syndrome and successful use of combination pharmacotherapy to prevent perinatal mortality
in this serting. Our data also illustrate the potential therapeutic benefits of a propranolol block of mutant sodium channels.
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The Relationship between White Blood Cell Count
and Risk of Hypertension in Populations with
High Prevalence of Smoking

Tomonori OKAMURA'" and Makoto WATANABE!

(Hypertens Res 2008; 31: 1279-1281)
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Recently, markers of chronic inflammation have been recog-
nized as risk factors of cardiovascular disease. Although var-
1ous inflammatory factors, such as C-reactive protein (CRP),
albumin, and fibrinogen, have been examined in many epide-
miologic studies, WBC count is a widely used examination to
detect inflammation in a routine blood test. Previous popu-
lation-based cohort studies indicated that WBC count was
associated with the risk of coronary heart disease (J-3) and
stroke (2—). Furthermore, several studies have also demon-
strated a positive relationship between WBC count and hyper-
tension (5-7). For example, in a 10-year NHANES I
epidemiologic follow-up study, Gillum er al. showed a statis-
tically significant 50% increase in risk of hypertension in
white men aged 25-74 years with WBC count > 8,600 com-
pared to men with WBC count <6,200 cells/mm® (6).
However, these findings could not be globally generalized
since most of previous studies were reported from Western
populations, Smoking is a major risk factor for cardiovascular
disease and also raises WBC count (8), Accordingly, the rela-
tionship between WBC count and cardiovascular disease or
hypertension should be examined in Asian populations,
where male smoking prevalence is much higher than West-
emner males. To our knowledge, three cohort studies n Japa-
nese general populations reported the relationship between
WBC count and cardiovascular disease or hypertension.
Imano er al. showed that increased WBC count was associ-
ated with incidence of myocardial infarction in middle-aged
Japanese workers, both in smokers and non-smokers (9). In
NIPPON DATA90 (the National Integrated Project for Pro-

spective Observation of Non-communicable Disease And its
Trends in the Aged, 1990), Tamakoshi er al. also demon-
strated that subjects who never smoked with WBC counts of
9,000-10,000 had a 3.2-fold risk for cardiovascular mortality
compared with those having WBC counts of 4,000,900
(40). Furthermore, Nakanishi e al. reported that WBC count
was a risk factor for hypertension, and the increased risk for
hypertension associated with WBC count was more pro-
nounced in non-smokers (/7). In a study of Koreans whose
smoking status is similar to that of the Japanese, the associa-
tion of increased WBC count with cardiovascular mortality
was more evident among those who never smoked compared
to smokers (/2). These results suggest that the elevated WBC
count is a risk factor for cardiovascular disease or hyperten-
sion independent of smoking even in East Asian populations,

Tatsukawa er al. have now added further evidence concern-
ing the relationship between WBC count and hypertension
incidence from a 40-year cohort of 9,383 Japanese men and
women published in this issue of Hypertension Research
(13). They showed that elevated WBC count predicted an
increased incidence of hypertension in both men and women
after adjusting for smoking status, although WBC count for
men was a significant nisk for hypertension only in the time-
varying model. In many cohort studies, a single medical
examination and questionnaire was performed as a baseline
survey. However, because biological data and lifestyle status
of the participants have changed during the follow-up peri-
ods, the predictive power of data from a single baseline sur-
vey was attenuated, especially with a long-term follow-up
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period. Furthermore, all data include random errors, which
are also evident when data are based on a single measure-
ment. Thus, the above-mentioned study design produces “a
kind of misclassification,” which underestimates the relation-
ship between candidate risk factors and outcomes. Usually,
underestimation is not a problem because overestimation
should be avoided in scientific research. There are some
methods to remove these “misclassifications.” Adjustment
for regression dilution bias is used for decreasing random
errors (/4). However, time-varying Cox regression or pooled
logistic regression (15) 1s used for accounting for the loifg-
term change of nisk factors. The relationship between WBC
count and hypertension for men was only detected by a time-
varying Cox model in this study, A single measurement of
WBC count for men may not reflect lifetime WBC count due
to dramatic changes in the prevalence of smoking over 40
years. We should pay attention to this underestimate when
dealing with a long-term cohort study with a single baseline
survey,

Tatsukawa er al. also suggested that the neutrophils for
women were contributing to the increased risk of hyperten-
sion in differential WBC counts (/3). Although there are
pathological findings that monocytes, the precursor of macro-
phages, are present during the progression of atherosclerosis,
neutrophils may be a marker of systemic inflammation and a
risk factor for cardiovascular disease and hypertension among
those who had advanced atherosclerosis. Horne er al. showed
that the neutrophil count was more strongly associated with
the nisk for myocardial infarction compared with monocyte
count among patients undergoing coronary angiography (16).
Activated neutrophils tend to adhere on vascular endothe-
lium, which are increasing vascular resistance (/7). Further-
more, neutrophils release reactive oxygen species, which may
impair endothelium-dependent vasorelaxation (/8).

What are the underlying mechanisms for an association
between WBC count and cardiovascular disease? First, as
already discussed, WBC count 1s a marker for inflammation
in the process of atherosclerosis. Second, WBCs may stimu-
late platelets and promote thrombosis (/9). Finally, WBCs
migrate into the vessel wall and cause the release of chemical
products from proliferating endothelial cells and from WBCs,
such as neutrophils, which may cause hypertension. How-
ever, to clarify the effect of in vive inflammatory status on
hypertension and cardiovascular disease, further cohort stud-
Tes are warranted in large populations using measurements of
other inflammatory markers, such as CRP, albumin (20) and
pro-inflammatory cytokines,
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Impact of High-Normal Blood Pressure on the Risk of
Cardiovascular Disease in a Japanese Urban Cohort
The Suita Study

Yoshihiro Kokubo, Kei Kamide, Tomonori Okamura, Makoto Watanabe, Aya Higashiyama,
Katsuyuki Kawanishi, Akira Okayama, Yuhei Kawano

Abstract—Few prospective studies have examined the association between high-normal blood pressure and cardiovascular
disease (CVD) in Asia. We examined the impact of high-normal blood pressure on the incidence of CVD in a general
urban population cohort in Japan. We studied 5494 Japanese individuals (ages 30 to 79 years without CVD at baseline)
after completing a baseline survey who received follow-up through December 2005. Blood pressure categories were
defined on the basis of the ESH-ESC 2007 criteria. In 64 391 person-years of follow-up, we documented the incidence
of 346 CVD events. The frequencies of high-normal blood pressure and hypertension Stage 1 and Stage =2 were 18.0%,
20.1%, and 10.1% for men and 15.9%, 15.6%, and 8.8% for women, respectively. Antihypertensive drug users were also
classified into the baseline blood pressure categories. Compared with the optimal blood pressure group, the
multivariable hazard ratios (95% confidence intervals) of CVD for normal and high-normal blood pressure and
hypertension Stage 1 and Stage =2 were 2.04 (1.19 to 3.48), 2.46 (1.46 to 4.14), 2.62 (1.59 to 4.32), and 3.95 (2.37 to
6.58) in men and 1,12 (0.59 to 2.13), 1.54 (0.85 to 2.78), 1.35 (0.75 to 2.43), and 2.86 (1.60 to 5.12) in women,
respectively. The risks of myocardial infarction and stroke for each blood pressure category were similar to those of
CVD. Population-attributable fractions of high-normal blood pressure and hypertension for CVD were 12.2% and 35.3%
in men and 7.1% and 23.4% in women, respectively, In conclusion, high-normal blood pressure is a risk factor for the
incidence of stroke and myocardial infarction in a general urban population of Japanese men. (Hypertension. 2008;
52:652-659.)

Key Words: cardiovascular diseases m epidemiology m general population m high-normal blood pressure
m myocardial infarction m prospective studies m stroke

any cohort studies have demonstrated that hyperten-

sion is a strong risk factor for total mortality and
cardiovascular disease (CVD)'-* in both developing and
developed countries.?%7 The guidelines of the Joint National
Committee 7 from the United States has recently introduced
a category, designated “prehypertension,” for people with
blood pressures ranging from 120 to 139 mm Hg for systolic
pressure or 80 to 89 mm Hg for diastolic pressure.® The
European Guidelines® and Japanese Society of Hypertension
Guidelines,'® however, divide this population into 2 groups:
those with systolic blood pressures between 120 and
129 mm Hg or diastolic blood pressures between 80 and
84 mm Hg are classified as normal, whereas those with systolic
blood pressures between 130 and 139 mm Hg or diastolic blood
pressures between 85 and 89 mm Hg are classified as high-
normal. Although the association of cardiovascular risk with
elevated blood pressure is well accepted,'~#$ only a few studies

have addressed the absolute and relative risks of CVD for
the population with blood pressure values in the high-
normal range. The Framingham Heart Study revealed an
association of high-normal blood pressure with increased
risk of CVD." The Framingham coronary heart disease
prediction functions perform well for whites and blacks in
different settings; these findings can be applied to other
ethnic groups, like in the ARIC study, after recalibration
for differing prevalence of risk factors for coronary heart
disease events.'? Few studies have investigated the asso-
ciation between blood pressure category and the incidence
of CVD in Japan,*'* where there is a higher incidence of
stroke and lower incidence of myocardial infarction (MI)
than those in Western countries.” We performed a prospec-
tive examination of the risk of stroke and MI in men and
women according to blood pressure category comparing
normal and high-normal blood pressures in a general urban
Japanese population.
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Methods
Study Subjects

The Suits Study,>141% an epidemiological study of cerebrovascular
and cardiovascular discase, was based on a random sampling of
12200 Japanese residents of Suita. As a baseline, participants
between the ages of 30 and 79 years were randomly selected from the
municipality population registry and stratified into groups by sex and
age in 10-year increments in 1989, Of these, 6485 men and women
underwent regular health checkups between September 1989 and
March 1994. Subjects have continued to visit the National Cardio-
vascular Center every 2 years since that time for regular health
checkups.

Cohort members in the study population were excluded from these
analyses if they had a past or present history of CVD at baseline
(n=208), were missing data (n=170), attended health checkups after,
April 1994 (n=79), or failed to complete the follow-up health
surveys or questionnaires after baseline examination (n=534). After
applying these exclusions, 5494 individuals were included in the
analysis.,

Measurement of Blood Pressure and Covariates
Well-trained physicians measured blood pressure 3 times in a seated
position with a mercury column sphygmomanometer and an appro-
pnately sized cuff according to standard protocol after at least 5
minutes of rest before the initial blood pressure reading was
obtained. Systolic blood pressure was measured first to obtain
spproximate systolic blood pressure levels. Systolic (SBP) and
diastolic (DBP) blood pressures were the average of the second and
third measurements recorded more than | minute apart.

At baseline examination, subjects were classified into one of the §
blood pressure categories based on the criteria of ESH-ESC 2007:
optimal (SBP <120 mm Hg and DBP <80 mm Hg), normal (SBP
120 10 129 mm Hg or DBP 80 to 84 mm Hg), high-normal blood
pressure (SBP 130 to 139 mm Hg or DBP 85 10 89 mm Hg),
hypertension Stage 1 (SBP 140 to 159 mm Hg or DBP 90 to
99 mm Hg), or hypenension Stage =2 (SBP =160 mm Hg or DBP
=100 mm Hg).?'® Antihypertensive drug users were classified
according to their blood p levels at baseline survey. Due to the
small sample size for Grade 3 hypertension, both Grades 2 and 3
were combined, Therefore, we compared optimal blood pressure
with Grade 1 and Grades 2 plus 3 hypertension in this study. In
addition, after antihypertensive drug users were classified into the
hypertension Stage =1 group, subjects were classified into one of the
4 blood pressure categories: optimal, normal, and high-normal blood
pressure and hypertension Stage =1 group, If the SBP and DBP
readings for a subject were in different categories, the subjects were
categorized into the higher of the 2 blood pressure categories.

At the baseline examination, we performed routine blood tests,
including serum total cholesterol, high-density lipoprotein cholester-
ol, triglycerides, and glucoss levels. Physicians or nurses adminis-
tered questionnaires regarding individual personal habits and present
illnesses, Subjects were classified as current smokers, nonsmokers,
and past smokers. We also measured height and body weight in 2
fasting state. Body mass index was calculated as weight (kg) divided
by the square of the height (m?). Hyperlipidemia was defined as total
serum cholesterol levels =5.7 mmoV/L (220 mg/dL) and/or current
use of antihyperlipidemic medications. Dinbetes was defined as
fasting plasma glucose levels =7.0 mmol/L (126 mg/dL) and/or
current use of antidiabetic medications. We obtained informed
consent from all participants. This study was approved by the
Institutional Review Board of the National Cardiovascular Center.

Confirmation of Strokes and

Myocardial Infarctions

Five hospitals in the Suita area were capable of performing CT scans
and/or MRI all of which were the major hospitals to which patients
with acute stroke and those with MI were admitted, Medical records
were reviewed by registered hospital or research physicians who
were blinded to the baseline data. Stroke and MI events were
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registered if they occurred between the date on which the baseline
health examination was performed and December 31, 2005. Strokes
were defined according to the US National Survey of Stroke
criteria,'¢ which require rapid onset neurological deficits lasting at
least 24 hours or until death. For each stroke subtype (cerebral
infarction [thrombotic or embolic infarction], intracersbral hemor-
rhage, and subarachnoid hemorrhage), a definitive diagnosis was
established based on CT, MRI or autopsy. Definitive and probable
Mls were defined according to the criteria set by the MONICA
project,'? which requires electrocardiographic evidence, cardiac
enzyme elevations, and/or autopsy. Sudden death was defined as
death of unknown origin occurred within 24 hours from onset.

To complete our surveillance for fatal strokes and MIs, we
conducted a systematic search for death certificates, We identified
possible strokes ar MIs using data from (1) the health examination
and questionnaires from the stroke and MI registries without in-
formed consent for medical records survey; and (2) death certificates
without registration of CVD incidence, which were defined as
probable stroke or ML CVD was defined s stroke and M1 in this
study.

End Point Determination

The end points of the current follow-up study were (1) date of the
first MI or stroke event; (2) date of death; (3) date of leaving Suita;
and (4) December 31, 2005 (censored). To detect MI and stroke
occurrences, each participant’s health status was checked at clinical
visits to the National Cardiovascular Center every 2 years. Yearly
questionnaires by mail or telephone were also completed for all
participants. We also obtainad informed consent to review in-
hospital medical records for 86.2% participants who were suspected
to have signs or symptoms related to stroke or MI events.

Statistical Analysis
Analysis of variance and )* tests were used to compare the méan
values and frequencies by sex according to blood pressure category.
For each subject, person-years of follow-up were calculated from the
date of baseline survey, to the first end point, CVD event, death,
emigration, or December 31, 2005. The Cox proportional hazard
ratios (HRs) were fit for each blood pressure category after adjusting
for age and other potential confounding factors, including age,
present iliness of hypercholesterolemia or diabetes, smoking status
(nonsmoker, past smoker, and current smoker), and drinking status
(nondrinker, past drinker, and current drinker) at baseline survey.
To express the impact of blood pressure categories on CVD
occurrence in the participants, we estimated the population-
attributable fraction (%). Population-attributable fraction was esti-
mated as PexX(HR—1VHR, in which Pe is the proportion of incident
cases in the blood pressure category and HR is the multiple-adjusted
hazard ratio.'* All statistical analyses were conducted using SAS
statistical package software (release version 8.2; SAS Institute Inc,
Cary, NC).

Results

Al baseline, we observed several differences in the distribu-
tion of CVD risk factors according to blood pressure catego-
ries (Table 1). The percentages of subjects with optimal,
normal, and high-normal blood pressure and hypertension
Stage 1 and Stage =2 were 31%, 20%, 18%, 20%, and 11%
for men and 42%, 17%, 16%, 16%, and 9% for women,
respectively. On average, both men and women with higher
blood pressure were older and had higher serum total choles-
terol levels, higher body mass index, and higher incidences of
hyperlipidemia and diabetes than those with optimal blood
pressure. The percentages of antihypertensive drug users
classified as having hypertension Stages | and =2 at baseline
were 21.3% and 37.7% for men and 24.2% and 40.6% for
women, respectively.

_38?_



654  Hypertension October 2008

Table 1. Baseline Characteristics of Study Subjects According to Blood Pressure Category

Blood Pressure Category*
Groups and Variables Optimal Normal High-Normal Stage 1 Stage =2 P Values
Mean
No. of subjects 803 502 463 516 286
Age, years 50.8=13.2 54.0x129 57.65+122 60.1=11.7 62.0x11.1 <0.001
S8PF, mm Hg 107.8£715 121.7454 1314258 143985 167.0=17.4 <0.001
DBP, mm Hg 68.2+6.7 76.6+6.3 81.2%69 87.5282 97.0=11.7 <0.001
Total cholesterol, mmol/Lt 5108 5209 5.3=0.9 5.3x09 5.3+09 <0.001
High-density lipoprotein 1.3203 1.3=04 1.320.3 1.3x03 1.3+03 0.332
cholesterol, mmol/Lt
Body mass Index, kg/m® 22.0x27 227+26 23.2+27 23.3x30 23.6+32 <0.001
Antihypertensive medication, % 0.6 39 1.7 21.3 T <0,001
Hyperfipidemia, % 237 274 306 344 34 <0,001
Diabetes, % 3.8 53 56 89 8.7 <0.001
Current smokers, % 58.7 496 463 443 40.9 <0.001
Current drinkers, % nr 77.0 750 76.8 79.6 0.045
Women .
No. of subjects 1240 504 465 457 258
Age, years 47.8+11.9 54.0=115 58.9+11.5 61694 62.9+9.6 =<0.00
SBP, mm Hg 105.5+7.9 1224+48 132.4x49 145.7=78 169.9=14.0 <0.001
DBP, mm Hg 66.4+6.6 755271 79.7+£69 85.0+9.0 92.3+139 <0.001
Total cholesterol, mmol/Lt 5.2+09 56=1.0 5709 59=09 58=1.0 <0.001
High-density lipoprotein 1.5+0.3 1.4=03 1403 1403 1403 <0.001
cholesterol, mmol/Lt
Body mass index, kg/m? 2. z2ar 22,530 228=32 23.2x3.3 23.7x37 <0.001
Antihypertensive medication, % 08 43 n3 24.2 406 <0.001
Hyperlipidemia, % 288 44.2 50.9 58.6 58.1 <0.001
Diabetes, % 15 33 4.0 6.7 58 <0.001
Current smokers, % 156 "7 9.2 B.9 8.9 <0.001
Current drinkers, % 37.0 325 219 298 254 <0.001

“Optimal blood pressure was defined as systolic pressure <120 mm Hg and diastolic prassure <B0 mm Hg. Normal blood pressura was defined as systolic
pressure 120 to 128 mm Hg or diastolic pressure 80 to 84 mm Hg. High-normal blood pressure was defined as systolic pressure of 130 to 138 mm Hg or a diastolic
pressure of 85 fo 83 mm Hg. Stage 1 hypertension is a systolic pressure 140 to 159 mm Hg or a diastolic pressure 90 to 99 mm Hg. Stage 2 and 3 hypertension
Is a systolic pressure =160 mm Hg or a diastolic pressure =100 mm Hg. If the systolic and diastolic pressure readings for @ subject were in different categories,
the higher of the 2 categories was used. Plus-minus values are means=5SD.

1To convert cholesterol values to mg/dL, multiply > 38.67.

During an average 11.7-year follow-up period, we docu-
mented 213 strokes (155 definitive strokes and 58 probable
strokes) consisting of 141 cerebral infarctions, 32 intracere-
bral hemorrhages, 22 subarachnoid hemorrhages, and 18
unclassified strokes. We also documented 133 Mls (64
definitive MIs and 69 probable MIs or sudden cardiac
deaths). Subjects who moved from Suita (16.8% of the total
participants) were censored at that time.

We determined the age- and multivariable-adjusted hazard
ratios for CVD, MI, and stroke according to blood pressure
categories in the presence or absence of antihypertensive
medication (Table 2). In men, the multivariable HRs (95%
CIs) of CVD incidence were 2.04 (1.19 to 3.48), 2.46 (1.46 to
4,14), 2.62 (1.59 to 4.32), and 3.95 (237 to 6.58) for men and
1.12 (0.59 to 2.13), 1.54 (0.85 to 2.78), 1.35 (0.75 to 2.43),
and 2.86 (1.60 to 5.12) for women with the normal and
high-normal blood pressure and hypertension Stage 1 and

Stage =2 groups, respectively. The risks of MI and stroke for
each blood pressure category were similar to the risk of CVD,
In a combined analysis of men and women, the multivariable
HR of CVD incidence were 1.62 (1.08 to 2.43), 2.08 (1.42 to
3.05), 2.06 (1.42 to 2.98), and 3.53 (2.43 to 5.13) for the
normal and high-normal blood pressure and hypertension
Stages 1 and =2 groups, respectively (data not shown). In
addition, the multivariable HR of CVD incidence in men and
women younger than 60 years old were similar to those seen
in men and women older than 60 years of age (data not
shown),

In a second analysis in which all antihypertensive drug
users were categorized to the Stage =1 group, we determined
the age- and multivariable-adjusted HRs for CVD, MI, and
stroke according to blood pressure category (Table 3). In
men, the multivariable HRs (95% Cls) of CVD incidence
were 1.83 (1.05 to 3.20), 2.11 (1.22 to 3.64), and 3.20 (2.01
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Table 2. Age- and Multivariable-Adjusted HRs for CVD According to Blood Pressure Category With and Without Antihypertensive

Medications
Blood Pressure Category*
Groups and Variables Optimal Normal High-Normal Stage 1 Stage =2
Men
Persan-years 9724 5889 5127 5611 3025
Cardiovascular disease
Case 2 34 43 57 52
Age-adjusted 1 2.03(1.19-3.46) 242 (1.45-4.03) 2.44 (1.49-3.99) 3.71(2.25-6.16)
Multivariable-adjusted 1 2.04(1.19-3.48) 246 (1.45-4.14) 262 (1.59-4.32) 3.95 (2.37-6.58)
Mi
Case 10 14 19 25 20
Age-adjusted 1 2.07 (0.92-4.68) 2.56 (1.18-5.53) 245(1.16-517) 3.47 (1.80-7.51)
Multivariable-adjusted 1 2.14 (0.94-4.86) 2.65 (1.20-5.85) a72(1 .25-5.34} 3.89 (1.76-8.56)
Stroke
Case 13 20 24 32 32
Age-adjusted 1 2.13(1.06-4.30) 239 (1.214.1) 2.49(1.30-4.78) 417 (217-8.01)
Multivariable-adjusted 1 2.12(1.04-4.30) 243 (1.21-4.885) 2.62 (1.35-5.09) 4,38 (2.24-8.56)
Wormen
Person-years 15438 6100 53 52712 2812
Cardiovascular disease
Case 25 17 28 29 38
Age-adjusted 1 1.05 (0.55-1.95) 1.48 (0.85-2.59) 1,32 (0.75-2.30) 3.00 (1.77-5.09)
Multivariable-adjusted 1 1.12(0.59-2.13) 1.54 (0.85-2.78) 1.35 (0.75-2.43) 2.86 (1.60-5.12)
Mi
Case 7 5 10 9 14
Age-adjusted 1 1.09(0.34-3.48) 1.71 (0.63-4.59) 1.38 (0.50-3.80) 356 (1.39-9.08)
Multivariable-adjusted 1 1.44 (0.42-4.90) 2.27 (0.78-6.57) 1.69 (0.56-5.10) 5.24 (1.85-14.85)
Stroke
Case 18 12 18 20 24
Age-adjusted | 1.05 (0.50-2.19) 1.39 (0.77-2.75) 1.29 (0.66-2.52) 2.83 (1.49-5.39)
Multivariable-adjusted 1 1.05 (0.49-2.24) 1.29 (0.63-2.67) 1.21 (0.61-2.45) 2.20 (1.07-4.50)

*Optimal blood pressure was defined as systolic pressure <120 mm Hg and diastolic pressure <80 mm Hg. Normal biood pressure was defined as systolic
pressure 120 to 128 mm Hg or diastolic pressure 80 to 84 mm Hg. High-normal blood pressure was defined as systolic pressure of 130 to 139 mm Hg or a diastolic
pressure of B5 to B9 mm Hg. Stage 1 hypertension is a systolic pressure 140 to 159 mm Hg or a diastolic pressure 80 to 39 mm Hg. Stage 2 and 3 hyperension
i5 @ systolic pressure =160 mm Hg or a diastolic pressure =100 mm Hg. If the systolic and diastolic pressure readings for a subject were In different categories,
the higher of the 2 categories was used. Multivariate analyses were adjusted for age, body mass index, hyperiipidemia, diabetes, and smoking and drinking status.

Antihypertensive drug users were classified according to their blood pressure levels at baseline survey.

to 5.09) for normal and high-normal blood pressure subjects
without antihypertensive medication and subjects with hyper-
tension Stage =1 with or without antihypertensive medica-
tion, respectively. In women, the multivariable HR of CVD
incidence was 2.13 (1.25 to 3.62) for the hypertension Stage
=1 group with or without antihypertensive medications. The
risks of MI and stroke for high-normal blood pressure and
hypertension Stage =1 group were observed in men
(HR=2.32, 95% CI: 1.02 10 5.27 and HR=3.35, 95% CI:
1.64 10 6.80 for MI; HR=2.04, 95% CI: 1.00 to 4.22 and
HR=3.33, 95% CI: 1.80 to 6.15 for stroke, respectively).
HRs for CVD according to prehypertensive category exclud-
ing subjects taking antihypertensive drugs (Table 3) were
similar but slightly lower than that category including sub-
jects taking antihypertensive drugs (Table 2).

Using the HRs, we estimated the positive fraction of CVD
attributable to exposure for each blood pressure category at
baseline by sex (Figure). For men, 8.3%, 12.2%, 16.8%, and
18.5% of CVD incidence were excessive incidence due to
normal and high-normal blood pressures and hypertension
Stages 1 and =2 with values of 1.3%, 7.1%, 5.4%, and
18.0%.

Discussion
In this cohort study of a general Japanese urban population,
we determined that high-normal blood pressure was a risk
factor for the incidence of stroke and MI in men in compar-
ison to subjects with optimal blood pressure. In this study,
20.5% and 8.4% of CVD incidence may derive from prehy-
pertension cases in men and women, respectively. This is the
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Table 3. Age- and Multivariable-Adjusted HRs for CVD According to Blood Pressure Category

Blood Pressure Category”
Groups and Variables Optimal Normal High-Normal Stage =1
Men
Person-years 8670 4805 9243
Cardiovascular disease
Case 23 35 123
Aga-adjusted 1 1.80(1.03-3.13) 2.09(1.23-3.55) 300 (1.91-4.72)
Multivariable-adjusted 1 1.83(1.05-3.20) 2.11(1.22-3.64) 3.20 (21-5.09)
Mi
Case 10 16 51
Age-adjusted 1 1.71(0.72-4.03) 227 (1.02-5.03) 2.98(1.48-593)
Multivariable-adjusted 1 1.78(0.75-4.22) 232 1.02-5.27) 3.35(1.64-6.80)
Stroke
Case 13 19 72
Age-adjusted 1 1.93(0.93-3.98) 2.01(1.00-4.08) 318(1,75-5.79)
Muttivariable-adjusted 1 1.92 (0.92-3.97) 2.04 (1.00-4.22) 3.33(1.80-6.15)
Women
Person-years 15293 4834 9002
Cardiovascular disease
Case 24 20 B
Age-adjusted 1 0.80(0.39-1.61) 1.28 (0.69~2.36) 212(1,30-3.44)
Muttivariable-adjusted 1 0.86 (0.42-1.72) 1.32 (0.69-2.53) 2.13(1.25-3.62)
M
Case 7 7 7
Age-adjusted 1 0.91 (0.26-3.14) 1.38 (0.47-4.01) 2.23 (0.94-5.28)
Multivariable-adjusted 1 117 (0.31-4.34) 1.83 (0.58-5.75) 2.97 (1.n-7.91)
Stroke
Case 17 13 54
Age-adjusted 1 0.76 (0.32-1.79) 1.22 (0.58-2.58) 212(1.17-3.83)
Multivariable-adjusted 1 0.77 (0.32-1.83) 1.11 (0.50-2.49) 1.89 {1.00-3.58)

“Optimal biood pressure was defined as systolic pressure <120 mm Hg and diastolic pressure <80 mm Hg. Normal blood pressure was defined as systolic
pressure 120 to 129 mm Hg or diastolic pressure 80 to 84 mm Hg. High-normal blood pressure was defined as systolic pressure of 130 to 139 mm Hg or a diastalic
pressure of 85 to 89 mm Hg. Stage 1 hypertension is a systolic pressure 140 to 153 mm Hg ot a diastolic pressure 90 to 93 mm Hg, Stage 2 and 3 hypertension
is @ systolic pressure =160 mm Hg or a diastolic pressure =100 mm Hg, If the systolic and diastolic pressure readings for a subject were in different categories,
the higher of the 2 categories was used. Multivariate analyses were adjusted for age, body mass index, hyperlipidemia, diabetes, and smoking and drinking status.

Antihypertensive drug users were classified into the hyperfension Stage =1 group.

first cohort study to examine the impact of high-normal blood
pressure on the risks of stroke and MI incidence in a general
Japanese urban population, who have a relatively higher
incidence of stroke and lower incidence of MI than those seen
in Western countries.”

Compared with the previous studies, this study has several
methodological strengths. First, we evaluated a large prospec-
tive cohort of people selected randomly from a general
population in Japan, which allowed us to perform subanalyses
by age and CVD subtype. Second, our cohort population was
selected from an urban population in contrast to the majority
of other cohorts in Japan, which have been selected from rural
populations. Because approximately 66% of the Japanese
population lives in urban areas, this is an important strength
of our analysis. The health status of each participant was
examined every 2 years during a clinical visit at the National
Cardiovascular Center. In addition, a health questionnaire

was administered to each participant yearly by mail or
telephone. In combination with frequent evaluation of the
CVD registry, we could effectively examine the incidence of
CVD events in this population. Finally, we examined the risk
of CVD incidence, which is a more direct measure of CVD
risk than risk of CVD mortality, because mortality from CVD
is significantly influenced by treatment.

This study revealed that normal and high-normal blood
pressures were risk factors for CVD in Japanese urban men.
The results of a multiple ethnic groups investigation has
demonstrated that high-normal blood pressure is a risk factor
for incidence of coronary heart disease in both men and
women.!! Compared with optimal blood pressure, the relative
risk of CVD was 2.33 (1.85 to 2.92) for high-normal blood
pressure and was 1.81 (1.47 to 2.22) for normal blood
pressure among blacks.!® An inverse association of optimal
blood pressure and a positive association of Stage | hyper-
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Figure, The HRs and positive fraction attributable to exposure
to each blood pressure category (optimal, normal, and high-
normal biood pressures and hypertension Stages 1 and =2) at
baseline for CVD were estimated by sex. The gray area displays
excessive incidence of CVD due to normal and high-normal
blood pressures and hypertension Stages 1 and =2,

tension with coronary heart disease were observed in men
compared with normal blood pressure.!? The Framingham
Heart Study revealed that 17.6% and 37.3% of subjects with
baseline normal and high-normal blood pressure, respec-
tively, were diagnosed with hypertension within 4 years,
High-normal blood pressure has also been associated with
increased risk of carotid atherosclerosis,® altered cardiac
morphological features,?! and diastolic ventricular dysfunc-
tion,* all of which may be precursors of incidence of CVD,

Some prospective studies have looked at mortality from
CVD in Japanese populations. Murakami et al demonstrated
a relationship between prehypertension and overall mortality
by performing a meta-analysis of data from 13 population-
based cohort studies conducted in Japan.® Sairenchi et al
revealed that high-normal blood pressure was associated with
an increased risk of CVD mortality in Japanese men.?* The
NIPPON DATA 80 also indicated that high blood pressure
was a risk factor for mortality from all causes.as well as death
from CVD among Japanese.®* All of these studies used end
points of mortality. The risk of CVD incidence, like used in
this study, is a more direct measure of CVD risk than is the
risk of CVD montality, which is heavily influenced by
treatment.

In prospective studies examining the incidence of CVD in
Japanese populations, the Ohasama study demonstrated that
high-normal blood pressure was a risk factor for stroke by
using homed blood pressure, but not by using causal blood
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pressure.'? The Hisayama study, which observed the natural
course of untreated hypertension in a general Japanese elderly
population over a 32-year period, indicated that high-normal
blood pressure was not a risk factor for cerebral infarction.*
This cohort was approximately half the size of our cohort, and
the subjects were older and observed for longer periods of
time. Hypertensive risk for CVD decreased with advancing
age.® Over very long periods, confounding factors, including
advancing aging, menopanse, lifestyle modifications, and
medication, will affect blood pressure classification. The
Tanno-Sobetu study determined that high-normal blood pres-
sure, determined according to the 1999 World Health Orga-
nization/International Society of Hypertension criteria, was
not a msk factor for CVD in comparison to optimal and
"normal blood pressures.¢

In this study, we did not find an association between
high-normal blood pressure and CVD incidence in women.
The association between blood pressure category and coro-
nary heart disease is well documented to be weaker in women
than in men.'? For each racial/ethnic group, the mean SEP
and DBP values in men were 6 to 7 and 3 to 5 mm Hg higher,
respectively, than the values in women.?” Postmenopausal
effects have been associated with elevated blood pressure.?®
Therefore, the period of hypertension exposure tends to be
shorter in women than in men. The incidence of CVD was
lower in women (3.9 per 1000 person-year) than in men (7.1
per 1000 person-years) in this study. The percentages of those
with hypertension who were aware, treated, and controlled
were higher for women than men.?’Because the frequency of
white coat hypertension is higher in women than in men,2°%®
blood pressure at baseline examination may be overestimated
in women, which may result in the absence of an association
between high-normal blood pressure and CVD incidence in
women.

The multivariable HR of CVD incidence for normal blood
pressure was 2-fold higher than that for optimal blood
pressure. In the Honolulu heart program and the Puerto Rico
heart health program, the multivariable HRs of CVD inci-
dence for normal blood pressure were approximately 2-fold
higher than those for optimal blood pressure.’? Thus, lower
blood pressure appears to prevent the incidence of CVD.

The crude 10-year cumulative incidences of CVD in this
subjects who had optimal, normal, and high-normal blood
pressure were approximately 2%, 6%, and 8% for men and
2%, 3%, and 5% for women, respectively (data not shown). In
the Framingham Heart Study, those were 5%, 8%, and 10%
for men and 1%, 3%, and 6% for women, respectively.!'
Compared with the Framingham Heart Study, the incidences
of CVD for optimal blood pressure in the Suita study tend to
be lower in men and similar in women.

Our study has several limitations. The primary limitation is
a dilution bias®; this study was based on a single-day
measurement of blood pressure, which may lead to a mis-
classification of blood pressure levels. Previous epidemiolog-
ical evidence has suggested, however, that blood pressure
measurements taken on a single day are accurate.** Second,
approximately 10% of subjects who underwent baseline
survey did not respond to our questionnaires thereafter.
However, we found no clinical background difference be-
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tween participants and nonparticipants, because the main
denial reason for participation in this study was not a health
problem. Age- and sex-adjusted systolic blood pressures were
127 mm Hg for participants and 128 mm Hg for nonpartici-
pants (P=0.08). To achieve a minimum of failure study
subjects, we performed close follow-up with health question-
naires annually and health checkups every 2 years.

In conclusion, high-normal blood pressure is a risk factor
for MI and stroke in general Japanese urban men. Approxi-
mately 20% and 8% of CVD incidences can be attributed to
normal and high-normal blood pressure in both men and
women, respectively. To prevent the incidence of CVD, it is
necessary for subjects with high-normal blood pressure to
atternpt to control these values through lifestyle modifications.

Perspectives

Although it is well accepted that hypertension is a strong risk
factor for total mortality and CVD all over the world, only a
few studies have addressed the absolute and relative risks of
CVD for the population with blood pressure values in the
high-normal range. In this study, the impact of high-normal
blood pressure on the incidence of CVD was examined in a
general urban population cohort in Japan. Blood pressure
categories were defined on the basis of the ESH-ESC 2007
criteria. In 64 391 person-years of follow-up, 346 CVD
events were identified. Compared with the optimal blood
pressure group, the multivariable HR of CVD for high-
normal blood pressure was 2.5 times in men but was not
statistically significant in women. This might be due to a
postmenopausal effect, higher frequency of controlled or
medication for hypertension, and white coat hypertension in
women compared with those in men, but it should be
researched further whether these reasons can be applied in
women. The risks of MI and stroke for each blood pressure
category were similar to those of CVD. Approximately 20%
and 8% of CVD incidences can be attributed to prehyperten-
sion in men and women, respectively. It is a remarkable
finding that one fifth of CVD incidence is derived from
prehypertension in men. Our results suggest that it is neces-
sary for subjects with high-normal blood pressure to attempt
to control blood pressure through lifestyle modifications to
prevent the incidence of CVD.
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