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As summarized in review articles [24,25], many investi-
gators have demonstrated the crucial role of PAI-1 in hu-
man atherothrombosis. High plasma PAI-1 concentrations
are associated with various thrombotic diseases and are in-
dependent risk factors for myocardial infarction, as has been
proven by epidemiological studies. Animal experiments us-
ing PAI-1 transgenic mice and PAI-1 knock-out mice also
support the role of PAI-1 in the progression of atheroscle-
rosis [26-28]. These previous findings suggest that an in-
creased PAI-1 level in the plasma is closely associated with
the progression of atherosclerotic conditions. Here, we have
demonstrated that this relationship could also be observed
in early atherosclerotic conditions in a general population.

We have previously reported that the mean IMT value
of both sexes increased stepwise with the number of ma-
jor coronary risk factors, namely hypertension, smoking,
and hypercholesterolemia [5]. It has also been reported
that PAI-1 levels were increased in patients with early
hypertension, and that these elevated PAI-1 levels were
improved by treatment with angiotensin-converting enzyme
inhibitor [29]. Recently, it has been reported that PAI-1
deficiency prevents hypertension and vascular fibrosis in
response to long-term nitric oxide synthase inhibition [30].
Taken together, these data indicate that early atherosclerotic
conditions or endothelial cell dysfunction are induced by
hypertensive conditions, resulting in elevation of the plasma
levels of free TFPI and PAI-1. Therefore, it is thought that
the close association between elevation of the plasma levels
of free TFPI and PAI-1 and hypertensive conditions proba-
bly diminished the statistically independent association be-
tween plasma levels of free TFPI and PAI-1 and the degree
of IMT.

In conclusion, we have demonstrated that the levels of
free TFPI and PAI-1 in men increased with the degree of
IMT. Therefore, we propose that free TFPI and PAI-1 are
potentially useful markers for detecting early atheroscle-
rosis. However, prospective studies are necessary to clar-
ify whether these markers are predictive of the onset of
atherosclerotic diseases in Japanese people.
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Editorial

Blood Pressure Variability in Hypertension

A Possible Cardiovascular Risk Factor

Kazuomi Kario

here is consensus that an increased blood pressure

(BP) level increases the risk for cardiovascular

disease. The ambulatory BP level during a 24-h
period is more closely associated with advanced hyperten-
sive target organ damage and a poorer cardiovascular
prognosis than the clinic BP level. On the other hand, the
clinical implication of ambulatory BP variability has not
been estublished as an independent cardiovascular risk
predictor.’ Some studies have found that ambulatory BP
variability is a significant and independent determinant of
target organ damage,™* and poor cardiovascular progno-
sis, whereas other investigators have not found an inde-
pendent association.” In population studies, 24-h BP
variability and daytime BP variability have been indepen-
dently associated with left ventricular hypertrophy”® and
cardiovascular mortality,” respectively.

Recently, Gémez-Angelats et al® demonstrated that in
middle-aged untreated hypertensive patients, ambulatory
systolic BP variabilities (SD of 24-h BP) assessed by
intermittent ambulatory BP monitoring and by noninva-
sive continuous (beat-to-beat) BP monitoring were signif-
icantly associated with brain deep white matter lesion
detected by brain magnetic resonance imaging. This decp
white matter lesion, a silent cerebral discase, is a predis-
posing condition of clinical stroke, dementia, depression,
and falls in the elderly.® In older subjects. increased am-
bulatory systolic BP variability was also significantly as-
sociated with brain atrophy.’

The two major determinants of BP variability are age
and a high BP level. which are also major cardiovascu-
lar risk factors. Thus, the significant impact of BP
variability on cardiovascular discase scems to depend
partly on age and high BP level. In fact, in a previous
study, the significant association between BP variubility
and cardiovascular risk disappeared after controlling for
confounding factors including age and ambulatory BP
level.® In the study by Gémez-Angelats et al.” after
adjusting for 24-h BP level. the positive association
between BP variability and deep white matter lesion
disappeared.

The 24-h ambulatory BP variability includes behavior-
induced BP changes™® and specific components of diurnal
BP variation, which is a potential risk for cardiovascular
disease (Fig. 1).'°7'® These specific components may be
more closely associated with hypertensive target organ
damage and subsequent cardiovascular events than overall
24-h ambulatory BP variability. Abnormal diurnal BP
variation, such as marked nocturnal BP decreases (extreme
dippers)'®'! or exaggerated moming BP surge,'*’* and
reverse diurnal BP variation patterns with higher sleep BP
than awake BP (risers), are risks for target organ damage
and cardiovascular events. These phenotypes of ambula-
tory BP variability are associated with each other and with
24-h ambulatory BP variability.'*'® Abnormal diurnal BP
variability is associated with other relatively shorter BP
variability such as orthostatic BP variability in elderly
hypertensives.'?

Various mechanisms may be involved in the associa-
tion between BP variability and cardiovascular disease. In
addition to augmented mechanical stress on the cardiovas-
cular system (which leads to cardiovascular remodeling),
increased variability of blood flow by angmented BP vari-
ability increases sheer stress on endothelial cells advanc-
ing atherosclerosis. Sheer stress-induced  platelet
activation at atherosclerotic stenotic sites.'” and subse-
quent hypercoagulability may lead to cardiovascular
events. Neurohumoral activation, which is increased in
those with increased BP variability,'® may also increase
the risk for cardiovascular disease.

Clinically, current cardiovascular risk stratification de-
pends on the ambulatory BP level and the status of the
target organ damage. In addition to these two major pre-
dictors, BP variability may be the possible third axis of
risk stratification. Development of a BP monitoring device
to detect the specific component of BP variability. repro-
ducibility, and further prospective and interventional stud-
ics are necessary to establish the clinical impact of BP
variability on target organ damage and cardiovascular
events in hypertensive patients.
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FIG. 1. Phenotypes of ambulatory blood pressure (BP) variability for cardiovascular risk in hypertension.
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Smoking Is Associated with Silent Cerebrovascular
Disease in a High-Risk Japanese Community-Dwelling

Population

Kazuo EGUCHI*-**, Kazuomi KARIO**, Satoshi HOSHIDE™**, Yoko HOSHIDE™*,

We aimed to investigate the relationships between smoking and silent cerebrovascular damage. We per-
formed brain MRI to evaluate silent cerebral infarct (SCI) and periventricular hyperintensity (PVH), and
carotid-ultrasonography to Investigate carotid atherosclerotic plaque in 170 high-risk community-dwelling
subjects (mean age: 67.2 years; men: 28.7%) who met more than 3 of the following 9 criteria: 1) high blood
pressure (BP); 2) hypercholesterolemia; 3) left ventricular hypertrophy; 4) high hemoglobin Asc; 5) protein-
uria; 6) high waist-to-hip ratio; 7) smoking =30 cigarettes/day; 8) heavy alcohol intake; 9) family history of
stroke. The subjects with SCI (SCI group) were older (70 years vs. 66 years, p=0.004) and had higher sys-
tolic BP (SBP) (160 vs. 148 mmHg, p<0.001) and higher carotid plague score (2.3 vs. 1.5/person, p<0.05)
than those without SCL. Among the variables, smoking status (r=0.34, p<0.001), SBP (r=0.28, p<0.001),
male gender (r=0.29, p<0.001), left ventricular mass index (r=0.25, p=0.001), and serum creatinine (r=
0.20, p=0.006) were significantly correlated with the number of SCls. Among smokers, the number of SCls
was significantly higher in current smokers than in past smokers (1.92:2.2 vs. 0.5:0.8, p<0.01). In multiple
regression analysis, smoking status (8=0.183, p=0.045) and SBP (8=0.196, p=0.011) were independent
determinants of the increased number of SCIs. In conclusion, smoking status was an independent determi-

Joji ISHIKAWA **, Masato MORINARI**, Toru HASHIMOTO**, and Kazuyuki SHIMADA **

nant of multiple SCls in a high-risk Japanese community-dwelling population.

" (Hypertens Res 2004; 27: 747-754)

Key Words: smoking, silent cerebral infarct, periventricular hyperintensity, high-risk community-dwelling .

subjects, carotid plaque

Introduction

Cigarette smoking is associated with increased risk of stroke
(1) and nearly doubles the risk of ischemic stroke: the
greatest risk is subarachnoid haemorthage, followed by cere-
bral infarction (5). Smoking acts synergistically with other
risk factors (6, 7), and the relative risk of stroke among hy-
pertensive smokers is five times that among normotensive
smokers, but 20 times that of normotensive non-smokers (5).

Cigarette smoking is associated with a higher serum level of
cholesterol, coronary vasomotor activity, platelet aggrega-
tion, and prothombotic state (8). Relationships between
smoking and carotid atherosclerosis (9, 10) and cardiac hy-
pertrophy (/1) have also been reported.

Early detection of silent cerebral infarct (SCI) is important
because SCI is associated with higher rates of mortality and
subsequent clinical cerebral infarctions (12-14). SCI has
been reported to be associated with many “wraditional” cere-
brovascular risk factors, including age, hypertension, atrial
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fibrillation and diabetes (15). However, conflicting results
about the relationship between smoking and silent cere-
brovascular disease were obtained in previous studies
(16-20). In this study, we investigated the relationship be-
tween smoking and silent cerebrovascular damage in a high-
risk Japanese general population.

Methods

Study Population

We studied 170 older asymptomatic patients (mean age:
67.2:£9.5 years, ranging from 42 to 89 years; 48 men and
122 women). We enrolled the subjects into our study from
the annual health screening in Nishiarita Town, Saga Prefec-
ture, Japan. The number of town residents aged over 40
years was 5,323. Those who underwent their company’s
health check, or were unwilling to have this health check
were excluded in advance as potential subjects. Of the 2,784
residents invited, 1,511 subjects participated in the *01 con-
ventional health check. Two hundred eighty-three high-risk
subjects (187 female and 96 male) were identified, and 170
subjects who visited the hospital to undergo further examina-
tions (65.2% for females and 50.0% for males) were finally
recruited. High-risk subjects were defined as meeting more
than 3 of the following 9 criteria: 1) blood pressure (BP)
2140/90 mmHg; 2) total cholesterol 2250 mg/dl; 3) left ven-
tricular hypertrophy by electrocardiogram who met either the
Cornel voltage criteria (RaVL-+SVs >28 mm in men and
20 mm in women) or Sokolow and Lyon criteria (SVi+RVs
or RVe >35mm, RaVL >11 mm, RaVF >20 mm); 4) hemo-
globin Aic 26.5%; 5) proteinuria; 6) high waist-to-hip ratio
(men 20.95, women 20.80); 7) current heavy smoker (=30
cigarettes/day); 8) heavy alcohol intake (ethanol 2>84
ml/day); 9) family history of stroke. We excluded patients
with renal failure, hepatic damage, secondary or malignant
hypertension, ischemic or other cardiac disease, congestive
heart failure, arrhythmia (including atrial fibrillation or other
arthythmia), stroke (including transient ischemic attacks), or
other severe concomitant diseases. The duration of hyperten-
sion, smoking status, alcohol intake and family history of
stroke were based mainly on the self-reported information.

This study was approved by the Research Ethics Commit-
tee, Department of Cardiology, Jichi Medical School, Japan.
All of the subjects studied were ambulatory and all gave in-
formed consent for the study.

Brain MRI

Brain MRI was carried out in all 170 participants nsin'g a
superconducting’ magnet with a main strength of 0.5T
(MRTS50GP, Toshiba, Tokyo, Japan). The brain was imaged
in the axial plane at a 7-mm slice thickness. Th-weighted im-
ages were obtained using a short spin-echo pulse sequence
with a repetition time of 470ms and an echo time of 15ms.

Ti-weighted images were obtained using a long spin-echo
pulse sequence with a repetition time of 4,000ns and echo
time of 120ms. The matrix size was 256 X 256 pixels. An
SCI was defined exclusively as a low signal intensity area
(23 mm, but all were <15mm in size) on Ti-weighted im-
ages that was also visible as a hyperintense lesion on T
weighted images, as described previously (21). The MRI im-
ages of the subjects were randomly stored and interpreted by
reviewers blind to the subjects’ names and characteristics.
Periventricular hyperintensity (PVH) on T:-weighted im-
ages was classified into four groups, as described and illus-
trated previously (22). Briefly, grade 1, PVH was defined as
no abnormality or minimal periventricular signal hyperinten-
sity in the form of caps confined exclusively to the anterior
horns or rims lining the ventricle; grade 2, as caps in both the
anterior and posterior horns of lateral ventricles or periven-
tricular unifocal patches; and grade 3, as multiple periventric-
ular hyperintense punctate lesions and their early confluent
stages. Multiple areas of high signal intensity that reached
confluence in the periventricular region were defined as
grade 4. The neuropathological significance of these MRI
findings has been discussed in a previous report (22).

Other Measurementis

Left ventricular mass index (LVMI) detected by echocardio-
graphy (SSD 2200; Aloka, Tokyo, Japan) was calculated by
the method described previously (23). Carotid plaque was
assessed by carotid-ultrasonography (LOGIQ500; GE Yoko-
gawa Medical Systems, Tokyo, Japan). Carotid plague score
was calculated by the method repoited previously (24). Uri-
nary microalbumin was measured by a latex agglutination
photometric immunoassay with an automated immunochem-
istry analyzer (LX-6000; Eiken Chemical Co., Tokyo,
Japan). .

Statistical Analysis

All statistical analyses were carried out with SPSS/Win-
dows, version 11.0J (SPSS Inc., Chicago, USA). The »? test
was used to calculate proportions. One-way analysis of vari-
ance (ANOVA) was performed to detect differences of mean
values among groups, and unpaired r-tests were used for
comparison of variables between the SCI group and the non-
SCI group. The data are expressed as the mean==SD or per-
centages. Spearman’s correlation was used for bivariate
analysis. Multivariate linear regression analysis was per-
formed to analyze factors associated with the number of
SClIs, advanced PVH and carotid plaque. Factors associated
with SCI in the bivariate analysis or confirmed associating
factors were entered as independent variables in this model.
A two-sided p value <0.05 was considered statistically sig-
nificant. :
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Fig. 1. The frequency of the risk factors used for the screen-
ing of high-risk population divided according to gender.
LVH, left ventricular hypertrophy; ECG, electrocardiogram;
HbAic, hemoglobin Asc.

Table 1. Baseline Characteristics of the Subjects Studied

. SCl Non-SCI

Variable n=75) (n=95)
Age (years) 70x7.6%*  66£99
Male gender (%) 26 (35) 22 (23)
Body mass index (kg/m?) 23.6%+3.1 23.3%29
Hypertension history (%) 43 (37 28 (45)
Diabetes (%) 9(12) 6 (6)
Smoking (%) 16 (21) 11 (12)
Serum creatinine (mg/dl) 0.9710.2 0.922:0.20
Total cholestero! (mg/dl) 219:£37 22740
Triglyceride (mg/dl) 117%57 127+90
Hematocrit (%) 40338  405+33
Urinary microalbumin (mg/g°Cr) 58148 43£163
Systolic BP (mmHg) 160£21%* 148+ 19
Diastolic BP (mmHg) 90x9.9* 8611
LV mass index (g/m?) 138+44** - 123+£33
Plaque score (/person) 2.3+2.8% 1.5%+29

Data are shown as the number (%) or mean* SD. * p<0.05,
* p<0.01, *** p<0.001 vs. non-SCL. SCI, silent cerebral infarct;
Cr, creatinine; BP, blood pressure; LV, left ventricular.
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Results

Baseline Characteristics of the Population

The frequencies of the risk factors used for the screening of
the high-risk population divided according to gender are
shown in Fig. 1. High BP, high waist-lo-hip ratio, family his-
tory of stroke, and hypercholesterolemia were the 4 most
commonly met of the 9 criteria. Although the percentages of
heavy drinking and heavy smoking were higher in men,
higher waist-to-hip ratio and hypercholesterolemia were
more common in women.

Table 1 shows the characteristics of the 170 subjects sepa-
rated into two groups: an SCI group (n=75) and a non-SCI
group (n=95). Gender, body mass index (BMI), prevalence of
smokers, hypertension history, diabetes, serum creatinine, total
cholesterol, triglyceride, hematocrit, and urinary microalbumin
were comparable between the two groups, but age, systolic BP
(SBP), diastolic BP (DBP), LVMI and plaque score were high-
er in the SCI group than in the non-SCI group. We used the
terms “hypertension” and “high BP” separately, because BP
in the health screening check tends to be very high. “Hyperten-
sion” referred to hypertensive patients who had been found to
have hypertension previously in a clinic or hospital, whereas
“high BP” means simply that high BP was recorded in the
health screening check. In all 170 subjects screened, high-den-
sity lipoprotein (HDL) cholesterol was 58.7+ 13 mg/dl for
women (n=122) and 52.2%+14mg/dl for men (n=48) (p<
0.01), but the prevalence of low HDL cholesterol (<40
mg/dl) was similar between women (26%) and men (21%).

Silent Cerebral Infarcis

Age (r=0.22, p=0.003), male gender (»=0.29, p<0.001),
smoking status (r=0.34, p<0.001), SBP (»=0.28, p<0.001),
LVMI (r==0.25, p=0.001), and serum creatinine (r=0.20,
p=0.006) were significantly correlated with the number of
SCls.

Table 2. Multiple Regression Model for the Number of Silent Cerebral Infarct

Independent variable Regression coefficient SEM B p
Constant —2.447 1.637

Age (years) 0.002 0.011 0.115 0.135
Male gender 0.285 0.304 0.097 0.350
Body mass index (kg/m?) —0.001 0.032 —0.021 0.780
Systolic BP (mmHg) 0.001 0.005 0.196 0.011
Total cholesterol (mg/dl) 0.000 0.003 0.001 0.990
Serum creatinine (mg/dl) 0.494 0.635 0.070 0.438
HbAic (%) —0.003 0.157 —0.016 0.839
Smoking 0.663 0.328 0.183 0.045

Coding for gender: 0, women; 1, men. “Smoking” was defined present, if the subjects smoke at least one cigarette per day. BP, blood

pressure.
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Table 3. Characteristics of Subjects Divided by Smoking Status

Non-smoker Past smoker Current smoker
n 126 20 28
Male gender (%) 8 75 8o#
Age (years) 67.049.4 62.719.1 71.7x8.4*
Duration of smoking (years) 0 37+14 275 TTT
Diabetes mellitus (%) 7 15 11
Systolic BP (mmHg) 15420 140+17* 16321111
Diastolic BP (mmHg) 88+10 84+10 9011
Pulse pressure (mmkHg) 6616 57k18 73+161
Total cholesterol (mg/dl) 2321%36 2094371 192427+
Hematocrit (%) 40%3.3 42+3.7* 43£3.8%*
Serum creatinine (mg/dl) 0.9%+0.2 1.0£0.2 L.1Q. 2%k T
Blood sugar (mg/dl) 86%13 81+14 9025
Hemoglobin Aic (%) 53%0.6 5.6+0.8 55107
LVMI (g/m?) 123434 147+50% 146+42*
Urinary albumin (mg/g - Cr) 52+168 62162 2547
Plaque score (/person), 14%£22 2.6x2.7 3.0k4,7%
Number of SCI (/person) 0.7£1.0 0.5+0.8 1.9£2. 2% 11
SCI (%) 42 37 59
Multiple SCI (%) 21 16 5271
PVH grade 1.3%0.7 1.4£0.6 1.8£0.8

* p<0.05, ** p<0.01, *** p<0.001 vs. non-smoker, T p<0.05, Tt p<0.01, 7 p<0.001 vs. past smoker. BP, blood pressure; LVMI, left
ventricular mass index; Cr, creatinine; SCI, silent cerebral infarct; PVH, periventricular hypertintensity.

Factors associated with SCI in bivariate analyses were en-
tered into a multiple linear regression model (Table 2).
Smoking and SBP were independently correlated with the
number of SCIs in this model. Despite the significant bivari-
ate associations, age, gender, total cholesterol and LVMI
were not independent predictors of SCI in this model.

Smoking Status and SCI

The percentage of heavy smokers (>30 cigarettes/day) was
only 6/27 (22%). Of the overall 170 patients, 28 (16.5%)
were current smokers, 20 (11.8%) were past-smokers, and
126 (74.1%) were non-smokers (Table 3). The percentage of
males was higher in current smokers and past smokers than
in non-smokers. Current smokers were older than non-smok-
ers. SBP and pulse pressure were higher in current smokers
than in past smokers. Although the prevalence of SCIs was
similar among the 3 groups, the number of SCls (Fig. 2) and
the prevalence of multiple SCIs were higher in current smok-
ers than in past smokers and non-smokers. However, the to-
tal duration of smoking was shorter in current smokers than
in past smokers (27 15 years vs. 37214 years, p<0.01).

PVH and Carotid Plaque

As shown in Fig. 3a, the grade of PVH was significantly cor-
related with the number of cigarettes (r=0.201, p=0.009).
The prevalence of advanced PVH (grade 3 or 4) was signifi-
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P<0.001

[ P<0.0% ]
| | (
204 :

Number of SCI {/parson}

Past smoker

Gurrent smoker

Non-smoker

Smoking status

Fig. 2. Comparison of the number of SCls divided by non-
smokers, past smokers and current smokers. Values are the
means = SEM.

cantly higher in current smokers (59%) than in past smokers
(21%, p=0.02) and non-smokers (25%, p==0.001) (Fig. 3b).
In multiple linear regression analysis, the only factor related
to advanced PVH was SBP ($=0.189, »=0.015) (Table 4).
As shown in Fig. 4a, the carotid plaque score was signifi-
cantly associated with the number of cigarettes (r=0.224,
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Fig. 3. a: Relationships between number of cigarettes and
grade of PVH. Correlation coefficient of overall patients was
r=0.201, p=0.009. Straight bar shows regression line.
b: Comparison of the prevalence of advanced PVH divided
according to non-smokers, past smokers and current smok-
ers. Values are the means=SEM.

Table 4. Multiple Regression Model for Advanced PVH
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(@
r=0.224
P=0.003
% n=170 o

Carotid plaque score
3

-10

w0 W 20 30 40 50 B0 70
Number of ¢igarettes (/day)

(b)

Number of caretid plagque (Fperson)

Past smoker  Current smoker

Non-smoker

Smoking staius

Fig. 4. a: Relationships between number of cigarettes and
carotid plaque score. Correlation coefficient of overall pa-
tients was r =0.224, p=0.003. Straight bar shows regres-
sion line. b: Comparison of the number of carotid plaque di-
vided according to non-smokers, past smokers and current
smokers. Values are the means £ SEM.

Independent variable Regression coefficient SEM B D
Constant —0.620 0.568

Age (years) 0.007 0.004 0.150 0.054
Male gender —0.033 0.105 —0.032 0.757
Body mass index (kg/m?) —0.011 0.011 —0.072 0.328
Systolic BP (mmHg) 0.004 0.002 0.189 0.015
Total cholesterol (mg/dl) —0.001 0.001 —-0.076 0.382
Serum creatinine (mg/dl) 0.420 0.220 0.172 0.058
HbAic (%) —0.035 0.054 ~0.050 0.525
Smoking 0.164 0.114 0.131 0.151

Coding for gender: 0, women; 1, men.

“Smoking” was defined present, if the subjects smoke at least one cigarette per day. Advanced
PVH was defined as PVH grade 3 or 4. PVH, periventricular hypertintensity; BP, blood pressure.
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Table 5. Multiple Regression Model for Carotid Plague Score

Independent variable Regression coefficient SEM B P
Constant —6.915 3.521 v

Age (years) —0.079 0.024 0.254 0.001
Male gender 2.144 0.654 0.340 0.001
Body mass index (kg/m?) ~0.115 0.069 —0.123 0.098
Systolic BP (mmHg) —0.003 0.011 ‘ 0.025 0.747
Total cholesterol (mg/dl) —0.002 0.006 0.212 0.015
Serum creatinine (mg/dl) ~1.269 1.367 —0.084 0.354
HbAic (%) 0.507 0.337 0.119 0.134
Smoking 0.170 0.706 0.022 0.810

Coding for gender: 0, women; 1, men. “Smoking” was defined present, if the subjects smoke at least one cigarette per day. BP, blood

pressure.

p=0.003). The carotid plaque score was similar between
current smokers and past smokers (3.0£4.7 vs. 2.62.7,
n.s.) (Fig. 4b). In multiple linear regression analysis, factors
related to the carotid plaque score were age (§=0.254, p=
0.001), male gender ($=0.340, p=0.001) and total choles-
terol (#=0.212, p=0.015) (Table 5).

Discussion

In the present study, the overall prevalences of single SCI
and multiple SCIs were 75/170 (44%) and 43/170 (25%), re-
spectively, in the subjects aged 42 to 89 years old. The
prevalence of SCI was higher than those in previous popula-
tion-based studies: 11% (16) or 20% (17).

In the present study, smoking and SBP at the health
screening examination were found to be independent risk
factors for SCI among the high-risk community-dwelling
Japanese population. In a previous Japanese epidemiological
study (the Hisayama study), the determinants of SCI were
higher BP as well as age, history of coronary heart disease,
diabetes and atrial fibrillation (25). The present study design
was different from the design of the Hisayama study, but
both studies indicate that BP at the health screening might be
an important factor related to SCIL.

There is controversy about smoking as a risk factor for
SCI. Two reports (16, 26) showed that cigarette smoking
was related to the prevalence of SCI, but other reports failed
to find this relationship (17-19). In the present study, the re-
sults were consistent with the former reports. The niajor
differences between our study and these previous studies
were the study population: our high-risk population was se-
lected from the general population based on having more
than 3 risk factors but no prior cardiovascular events. The
impact of each risk factor on SCI in the present study was
different from that in previous studies, because SCI was not
determined by older age. On the other hand, the history of
hypertension (nearly 40% vs. 30%) and BP level (nearly
150/88 mmHg vs. 125/75 mmHg) were higher in our popula-
tion than in the report of Yamashita ez al. (18). Although the

rate of smokers was not different between the SCI group and
non-SCI group, presence of smoking was related to the in-
creased number of SCIs. This may indicate that smoking can
cause extensive atherosclerotic changes in the brain arteries.

Generally, in smokers, cardiovascular risk factors tend to
cluster (27). Furthermore, smoking itself has both acute and
chronic effects of raising BP levels (28). The mechanisms of
the acute increase of BP may be due partly to the elevation
of plasma endothelin-1 levels (29) or associated with oxida-
tive stress (30). Plasma endothelin-1 concentrations also
showed significant positive association with the number of
asymptomatic SCIs in a previous report (31).

The number of SCls was significantly higher in current
smokers than in past smokers; however, LVMI and plaque
score were similar between current and past smokers. This
may indicate that smoking has different impacts on hyper-
tensive damage of different target organs by different mecha-
nisms. Because smoking can cause hypertension even in
young people (32), relationships between smoking, hyper-
tension and arterial stiffness might be a key factor. In a pre-
vious study, smoking caused short-term increases in arterial
wall stiffness in habitual smokers, while no obvious long-
term effect was observed on arterial stiffness (33). In the pre-
sent study, pulse pressure was significantly greater in current
smokers than in past smokers, Pulse pressure was reported 1o
have greater prognostic value and to be associated with car-
diovascular risk factors, including smoking (34), and may be
a marker of systemic atherosclerosis (35). The difference of
the number of SCIs between current and past smokers is
partly explainable by pulse pressure. Cessation of smoking
before developing atherosclerotic change can prevent further
deterioration of atherosclerosis. Synergistic effects of aging
and smoking might be responsible for causing multiple ath-
erosclerotic effects on brain arteries: namely, the impact of
smoking on silent cerebrovascular damage might be ampli-
fied when smokers continued to smoke afler middle age.

In the present study, the prevalence of advanced PVH was
higher in current smokers than in past smokers or non-smok-
ers. In multiple regression analysis, only SBP was a signifi-



cant determinant of advanced PVH, but age and serum crea-
tinine tended to be associated with advanced PVH. In other
words, advanced PVH might be determined mainly by hy-
pertensive (hypertension and silent renal damage) factors.

The number of carotid plaques was also higher in current
smokers than in non-smokers. However, in multiple linear
regression analysis, the number of carotid plaques was sig-
nificantly associated with age, male gender and cholesterol,
but not with smoking. Previous reports have shown that
smokjflg was associated with carotid atherosclerosis (10, 36)
and atherosclerotic peripheral arterial disease (37), but not
pulse wave velocity (38). In a report about a male working
population, only total cholesterol level was associated with
the progression of eatly carotid atherosclerosis (39). In the
present study, we failed to find any association between
smoking and carotid plaque. This may be because the impact
of aging, gender, and lipids on carotid plaque was stronger
than that of smoking.

In conclusion, current smoking was shown to be an inde-
pendent determinant of SCI in a Japanese community-
dwelling high-risk population.
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Reproducibility of Arterial Stiffness Indices (Pulse Wave
Velocity and Augmentation Index) Simultaneously
Assessed by Automated Pulse Wave Analysis and

Their Associated Risk Factors in Essential
Hypertensive Patients

Yoshio MATSUI, Kazuomi KARIO®*, Joji ISHIKAWA *, Kazuo EGUCHI*,
Satoshi HOSHIDE*, and Kazuyuki SHIMADA *

Arterial stiffness is a strong determinant of cardiovascular risk. Pulse wave velocity (PWV) and the augmen-
tation index (Alx) are widely used as arterial stiffness indices. We studied the reproducibility of these indices
and their association with cardiovascular risk factors in hypertensives. We measured brachial blood pres-
sure (BP), brachial-ankle PWV (baPWV) and carotid Alx (cAlx) twice (at the baseline and 4 weeks after the
baseline) using an automatic device in 103 hypertensives. The mean intraobserver-intersession difference
was 29.0 cnm/s with an SD of 201.6 cm/s for baPWV, and 0.5% with an SD of 5.9% for cAlx, and the Bland-Alt-
man plots demonstrated the good reproducibility of baPWV and cAlx. Both baPWV and cAlx (the average of
the st and the 2nd measurements) were significantly correlated with age, systolic BP (SBP), and pulse
pressure (all, p<0.005); however, these factors were not correlated with each other (r=0.06, NS). cAlx was
correlated with height, heart rate (HR), total cholesierol, and low density lipoprotein cholesterol (LDL-C) (all,
p<0.05). In multiple regression analysis, age, SBP, and HR emerged as significant independent predictors
of baPWV (adjusted R2=0.43, p<0.0001), while height, SBP, HR, and LDL-C emerged as significant indepen-
dent predictors of cAlx (adjusted R*=0.58, p<0.0001). Both PWV and Alx measured using an automatic de-
vice were fairly reproducible, and their associated risk factors appeared to be different. Automated simulta-
neous measurement of these arterial stiffness indices may he useful for risk stratification of hypertensives.
(Hypertens Res 2004; 27: 851-857)

Key Words: automated pulse wave analysis, pulse wave velocity, augmentation index, reproducibility, hy-
pertension

Introduction

Pulse wave velocity (PWV) and the augmentation index
(Alx: augmentation expressed as percentage of the pulse
pressure [PP]) have recently been recognized as arterial stiff-
ness indices (/—3). Recent reports have shown that PWV is a

prognostic predictor in patients with hypertension or end-
stage renal failure, independently of classical risk factors and
PP (1, 2, 4). On the other hand, it has been reported that Alx
was an independent predictor of all-cause and cardiovascular
mortality in end-stage renal failure patients (3), and also, re-
cently, that increased Alx was associated with the presence
and severity of coronary artery disease (CAD), particularly
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Table 1. Clinical Characteristics and Arterial Stiffness
Indices in Study Patients

Variable Mean=SD (or %)
Age (years) 69.41+8.3
Men (%) 39.8
Height (cm) 152.5+8.5
Body mass index (kg/m?) 23.9%+33
Duration of hypertension (years) 7.5%6.5
Treated hypertensives (%) 56.3
SBP (mmHg) 157.7%16.3
DBP (mmHg) 87.5%10.6
MAP (mmHg) 110.9411.3
PP (mmHg) 70.2%12.9
Heart rate (beats/min) 65.6£9.1
Total cholesterol (mg/dl) 210.3%£30.6
HDL cholesterol (mg/dl) 57.4316.6
LDL cholesterol (mg/dl) 126.3+30.0
Triglyceride (mg/dl) 133.2+62.3
Fasting plasma glucose (mg/dl) 97.9424.0
HbAIC (%) 5.2+0.8
Serum creatine (mg/dI) 0.8%0.2
Risk factors »

Diabetes mellitus (%) 18.6

Hyperlipidemia (%) 46.1

Smokers (%) 216

Coronary artery disease (%) 3.9

Cerebrovascular disease (%) 16.7
Arterial indices*

baPWV (cnv/s) 2,143.7£409.0

cAlx (%) 32.1%83

ABI 1.120.2

Data are shown as the mean:8D or prevalences. SBP, systolic
blood pressure; DBP, diastolic blood pressure; MAP, mean arte-
rial pressure, calculated as DBP +PP/3; PP, pulse pressure, cal-
culated as SBP—DBP; baPWV, brachial-ankle pulse wave ve-
locity; cAlx, carotid augmentation index; ABI, ankle/brachial
blood pressure index. * The average of the 1st and the 2nd mea-
surements.

in younger and middle-aged male patients (5). However, in
hypertensive patients the impact of Alx on the prognosis re-
mains unclear.

Arterial stiffness is determined by functional and structur-
al components related to the intrinsic elastic properties of the
artery (6). Persistently elevated blood pressure (BP) acceler-
ates arterial smooth muscle hyperplasia and hypertrophy,
and collagen synthesis, thereby increasing arterial stiffness
(6). On the other hand, arterial stiffening increases systolic
BP (SBP) and PP directly by increasing the PWV generated
by ventricular ejection and by an early return of arterial
wave reflections, which augment central aortic and left ven-
tricular pressure in late systole, resulting in increased sys-
tolic work and thus left ventricular hypertrophy and in-

creased myocardial oxygen demand (6). Although the timing
of the arrival of the reflected wave at the proximal aorta is
largely determined by large artery PWV, Alx and PWV are
not simply interchangeable indices of arterial stiffness, be-
cause Alx is influenced by vasoactive drugs independently
of PWV (7). Although it might be presumed that these arteri-
al stiffness indices are useful for following up hypertensive
patients, it remains to be determined whether there are sig-
nificant differences in the reproducibility and related cardio-
vascular risk factors between these indices.

We therefore studied the reproducibility of PWV and Alx
determined using a recently developed automatic device and
the association between these indices and cardiovascular risk
factors in hypertensive patients.

Methods

Study Population

One hundred and three consecutively recruited outpatients
(41 men and 62 women; mean age, 69.4 years) with essential
hypertension were enrolled in this study. Characteristics of
the study population are shown in Table 1. Hypertension was
defined as SBP2140 mmHg, diastolic BP (DBP)290 mmHg,
or use of antihypertensive medication. Of the total popula-
tion, 56.3% were treated hypertensives (diuretics: 24.1%; B-
blockers: 12.1%; calcium channel blockers: 31.0%; an-
giotensin-converting enzyme [ACE] inhibitors: 15.5%; an-
giotensin receptor blockers: 44.8%). Hyperlipidemia was de-
fined as total cholesterol (TC)>220 mg/dl, triglyceride
(TG)2150mg/dl, or use of antihyperlipidemic medication.
Diabetes mellitus was defined as a fasting blood glucose
2126 mg/dl or the current use of antidiabetic medication,
Smoking status was defined as current or past vs. never. Ex-
clusion criteria were as follows: secondary hypertension,
complicated hypertension with recent cardiovascular events,
atrial fibrillation, and arteriosclerosis obliterance (ASO; de-
fined as an ankle/brachial blood pressure index [AB1]<0.9),
According to these criteria, we excluded 4 patients (3 men
and 1 woman) who had ASO by measuring ankle/brachial
blood pressure. Medications were not changed for any of the
patients during the study period. The study was approved by
the Research Ethics Committee of Miwa Municipal Hospital,
and informed consent was obtained from all patients.

Risk Factor Evaluation

A detailed history of risk factors and medical conditions was
obtained. The patients were scheduled to fast in the morning
without medication. Venous blood was drawn for analysis of
fasting plasma glucose (FPG) and serum concentrations of
TC, TG, high-density lipoprotein cholesterol (HDL-C), serum
creatinine (Cre), and HbAIC by standard laboratory meth-
ods. Low-density lipoprotein cholesterol (LDL-C) was cal-
culated by the Friedewald equation. None of the patients had



a TG value>400mg/dl, which would have made the use of
this equation inappropriate. Body mass index (BMI) was cal-
culated as weight (kg)/height? (m?).

Pulse Wave Analysis

Patients were examined in a quiet and temperature-con-
trolled laboratory (23°C) after Smin of lying supine at
9:00-11:00 AM. Brachial-ankle PWV (baPWV) was used as
a substitute for aortic PWV in the study because of the good
correlation between baPWYV and aortic PWV (r=0.87,
p<0.01), which was obtained by invasive measurements of
the aorta across a distance of 50cm using a catheter tip
manometer (8). baPWV was measured as reported previous-
ly (8—10), using a volume-plethysmographic device (form
PWV/ABI; Colin Co., Ltd., Komaki, Japan) with four cuffs
matched with oscillometric sensors, which were wrapped
around the upper arms and ankles, and then the pulse volume
records of the bilateral brachial and tibial arteries were moni-
tored during a continuous deflation of the cuffs. The BP of
each lesion can be obtained by this oscillometric method.
Electrodes of the electrocardiograph were placed on both
wrists, and a microphone was placed on the left edge of the
sternum to detect heart sounds. Transit time (A7k) between
the brachial and ankie pulse waves was automatically mea-
sured from the time delay between the feet (sharp initial sys-
tolic upstroke) of the wave at the 2 sites. The distance be-
tween the 2 recording sites of baPWV was calculated auto-
matically based on the height of the patient and anthropo-
morphic data for the Japanese population. The path length
from the suprasternal notch to the brachium (Lv) and ankle
(Ls) was indicated using the following equation: Ly=
0.2195 Xheight of the patient (cm)—2.0734, L.=0.8129X
height of the patient (cm)+12.328. baPWV was then calcu-
lated using the following equation: baPWV =(L.— Lv)/ATta.
Since there was a significant positive comrelation between
left and right baPWV (=093, p<0.0001), we used the right
baPWYV value in this study.

Measurement of carotid Alx (cAlx) was performed using
a multi-element applanation tonometry sensor for the left
common carotid artery. A multi-element tonometry sensor,
which consists of 15 pressure-sensitive small elements
aligned side-by-side, is coupled to the device. The carotid
tonometry sensor is compact and lightweight and can be eas-
ily attached around the neck. The sensor element manually
located at the center of the carotid artery can be identified by
screening the pulse pressure levels of the 15 elements, pro-
vided that the sensor element size is sufficiently small com-
pared to the vessel diameter. The investigator can apply the
sensor easily with one hand by holding the handle of the sen-
sor, and adjust the pressure and position so as to record the
best signals while palpating the carotid artery with the other
hand. The quality of the carotid pulse wave and the down-
ward force were checked visually on tonography, and pulse
waves were recorded and stored over a 30-s period. The va-
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lidity and reliability of this tonometry sensor have been re-
ported previously (/7).

In this study, we evaluated the intraobserver-intersession
reproducibility to confirm whether baPWV and cAlx ob-
tained using this device were suitable for longitudinal clini-
cal studies. All measurements were therefore made by the
same investigator, and obtained on two separate visits with a
time interval of 4 weeks. The mean value of baPWV and
cAlx between the different visits was applied in evaluating
related factors. Table 1 shows the hemodynamic parameters
obtained using this device in the study population,

Statistical Analysis

All parameters are given as the mean®SD or percentage
(%). Paired r-test was used to determine the significance of
differences between visit 1 and visit 2 for hemodynamic pa-
rameters. The reproducibility of arterial stiffness indices was
analyzed using Bland-Altman plots (/2). Relationships be-
tween arterial stiffness indices and clinical/hemodynamic pa-
rameters were analyzed by simple and multiple regression
analysis. A value of p<0.05 was considered to indicate sta-
tistical significance.

Results

Reproducibility of Arterial Stiffness Indices

There were no significant differences between visit 1 and
visit 2 in SBP (p=0.06), HR (p=0.96), baPWV (p=0.17),
or cAlx (p=0.40). Figures 1 and 2 show the agreement be-
tween the two measurements of baPWV and cAlx. The cor-
relation coefficients of SBP, heart rate (HR), baPWYV, and
cAlx between visit 1 and visit 2 were 0.67 (p<0.0001), 0.78
(»<0.0001), 0.89 (»<0.0001), and 0.87 (p<0.0001), respec-
tively. The coefficients of variation (CV) of SBP, HR, ba-
PWYV, and cAlx were 3.9%, 3.6%, 3.8%, and 9.7%, respec-
tively. As shown by the Bland-Altman plots, the mean in-
traobserver-intersession difference was 29.0cm/s, with an
SD of 201.6 cm/s, for baPWV (Fig. 1), and 0.5%, with an SD
of 5.9%, for cAlx (Fig. 2). As can be seen, in each graph
most of the data points fell well within the 2SD range.

Associated Risk Factors

baPWYV and cAlx were not significantly correlated with each
other (r=0.06, NS). In simple regression analysis, baPWV
was significantly correlated with age (+=0.40, p<0.0001),
SBP (r=0.39, p<0.0001), mean arterial pressure (MAP; r=
0.29, p<0.01), and PP (r=0.30, p<0.005) (Table 2), while
cAlx was significantly correlated with age (= 0.38,
p<0.0005), height (r=—0.47, p<0.0001), SBP (r==0.29,
»<0.005), PP (r=0.31, p<0.005), HR (= — 0.52,
»<0.0001), TC (r=0.23, p<0.05), and LDL-C (»=0.29,
2<0.005) (Table 3). In the multiple regression analysis, age,



854 Hyperiens Res Vol. 27, No. 11 (2004)

40004 r =089

p < 00001 .

3500 -
S 3000 o o ©
3
.ﬁ e
2 2500 -
&

" 2000
3
8 1600
e
1000 T v

T T v
1000 1500 2000 2500 3000 3500 4000
baFWV, 1" visit {cmi/sec)

Reproducibility of baPWV

1030 A

L D Boieiirreeriaenin mean + 250

mean difference

Diferonce betwoen twa measurements {em,'ses)

mean - 25D
-500 ' °
=~1000 T T T T T )
1000 1500 2000. 2500 3000 30D 4000

baPWV, Mean of measurements (em/ses)

Fig. 1. Correlation between the two measurements of baPWV
(upper panel). Difference between baPWV at the Ist visit
and 2nd visit plotted against their mean. The lines represent
the mean difference and the limits of agreement, that is,
28D (lower panel). baPWV, brachial-ankle pulse wave ve-
locity.

SBP, and HR remained independent determinants of baPWV
(adjusted R?2=0.43, p<0.0001), while height, SBP, HR, and
LDL-C remained independent determinants of cAlx (adjust-
ed R?==0.58, p<0.0001).

Discussion

This study demonstrated that both PWV and Alx measured
using an automatic device are fairly reproducible, as indicat-
ed by high correlation coefficients, small coefficients of vari-
ation, and small mean differences observed in the Bland-Alt-
man plots. The. cardiovascular risk factors associated with
these simultaneously measured arterial stiffness indices ap-
pear to be different in hypertensive patients.

Carotid-femoral PWV (cfPWV) has been used as an es-
tablished method for measuring PWV (73, 14), but the use of
the femoral artery requires a transducer to be attached to the
inguinal region, which has a strong psychological impact on
the patients. As the PWV is closely determined by BP level
per se, the psychological pressor effect may increase cfPWV,
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Fig. 2. Correlation between the two measurements of cAlx
(upper panel). Difference between cAlx at the Ist visit and
2nd visit plotted against their mean. The lines represent the
mean difference and the limits of agreement, that is, ==2SD

(lower panel). cAlx, carotid augmentation index.

leading to lower reproducibility. This disadvantage might
make the conventional technique for cfPWV measurement
unsuitable for routine use. Measurement of baPWV mini-
mizes the psychological stress by simply using exposed ex-
tremities. In this study, the good reproducibility of baPWV
may have resulted from the stability of BP, which was ob-
tained by measuring these parameters under the same condi-
tions. Reproducible results could also be obtained irrespec-
tive of the operator’s technical skill. Recently, it has been re-
ported that the validity and reproducibility of baPWV mea-
surement are as good as those of aortic PWV or cfPWV, as
shown using Bland-Altman analysis (8, 9). Yamashina e al.
reported that the intracbserver correlation coefficient (') was
0.87, and the CV was 10.0% (8), while Munakata ef al. report-
ed that the CV was 6.5% (9). Although the present study had a
much longer interval between the successive measurements
than those studies, the reproducibility in this study (CV=
3.8%) was much better. While cfPWV principally reflects the
elastic properties of central arteries, baPWV also includes
peripheral arterial components, which contain more nuscular
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Table 2. Simple and Multiple Regression Analysis of baPWV

Variable ’

Simple regression

Multiple regression

r » B »
Age (years) 040 <0.0001 0.49 <0.0001
Men gender 0.09 NS
Height (cm) 0.02 NS
Body mass index (kg/m?) —0.14 . NS
Duration of hypertension (years) 0.05 NS
SBP (mmHg) 0.39 <0.0001 0.37 0.024
DBP (mmHg) 0.17 NS
MAP (mmHg) 0.29 0.006
PP (nmHg) 0.30 0.002
Heart rate (beats/min) 0.24 0.017 0.23 0.012
Total cholesterol (mg/dl) 0.11 NS
HDL cholesterol (mg/dl) —0.07 NS
LDL cholesterol (mg/dl) 0.13 NS
Triglyceride (mg/dl) 0.05 NS
Serum glucose (mg/dl) 0.08 NS
HbAIC (%) 0.10 NS
Serum creatinine (mg/dl) 0.09 NS
cAlx (%) 0.06 NS
ABI —0.05 NS
Adjusted R? 043

Correlation coefficients of simple regression analysis (), multiple regression analysis (f3), and level of significance are shown. NS, not
significant; HDL, high-density lipoprotein; LDL, low-density lipoprotein; R?, multiple coefficient of determination; other abbreviations

are as in Table 1.

Table3. Simple and Multiple Regression Analysis of cAlx

Simple regression

Multiple regression

Variable " 7 B -
Age (years) 0.38 0.0002
Men gender —0.21 NS
Height (cm) —047 <0.0001 —0.26 0.021
Body mass index (kg/m?) 0.08 NS
Duration of hypertension (years) 0.04 NS
SBP (mmHg) 0.29 0.0032 0.32 0.038
DBP (mmHg) 0.06 NS
MAP (mmHg) 0.10 NS
PP (mmHg) 0.31 0.0014
Heart rate (beats/min) —0.52 <0.0001 —0.43 <0.0001
Total cholesterol (mg/dl) 0.23 0.02
HDL cholesterol (mg/dl) —0.02 NS
LDL cholesterol (mg/dl) 0.29 0.0038 0.28 0.031
Triglyceride (mg/dl) —0.18 NS
Serum glucose (mg/dl) 0.17 NS
HbAIC (%) 0.18 NS
Serum creatinine (mg/dl) 0.18 NS
baPWYV (cny/sec) 0.06 NS
ABI 0.03 NS
Adjusted R? 0.58

Correlation coeflicients of simple regression analysis (), multiple regression analysis (), and level of significance are shown. Abbrevi-

ations are the same as those in Tables | and 2.



856 Hypertens Res Vol. 27, No, 11 (2004)

components (/5). Considering that baPWV is a highly repro-
ducible parameter of arterial stiffness, however, baPWV may be
better suited for routine examinations and large clinical trials.

Chen er al. demonstrated that cAlx measured by the ap-
planation tonometric method provides a waveform closest to
that of the central aorta, and its value is reliable enough for
use in the clinical field (/6). Liang et al. studied the intraob-
server reproducibility of cAlx using applanation tonometry,
and gave the CV of cAlx as 1.3% (17), while we gave it as
9.7%. These discrepancies are due to the differences in mea-
surement interval (Liang et al. (17): mean, 2.5 weeks; our
study: mean, 4 weeks). Moreover, they studied cAlx in
healthy volunteers, while we targeted hypertensive patients.
Therefore, we cannot simply compare their results with our
results; however, considering our interval, we speculate that
our CV is preferable. Cortez-Cooper ef al. reported the relia-
bility of this automatic device for measuring cAlx, as indi-
cated by the relatively small CV (13.0%) (/7). In our study,
however, it is noteworthy that the measurement of cAlx was
less reproducible than that of baPWV, probably because
carotid tonometric measurement requires more technical
skill than the measurement of baPWV. Thus, the recent de-
velopment of user-independent tonometer systems, i.e., auto-
mated sensors that do not require hand-held operation, may
have improved the reliability and reproducibility of the mea-
surements of cAlx,

As shown recently (9, 10, 18, 19), baPWV was correlated
with age and SBP. Aging induces functional and structural
changes such as arterial wall remodeling and degeneration of
elastic fibers or disorganization of the medial layer (20).
With advancing age, therefore, arteries progressively stiffen,
and increased arterial stiffness has been reported to lead to
an age-related rise in PWV (21). Arterial stiffening, more-
over, induces an increase of SBP concomitant with a de-
crease of DBP, resulting in an increase of PP, which reflects
arterial pulsatile hemodynamics (22). When we conducted
the same analysis using MAP, the distended pressure, in-
stead of SBP, the results were essentially the same. The pre-
sent study showed a positive relationship between PWV and
HR, as previously shown by Lantelme ef al. (23). Moreover,
by using multiple regression analysis, we demonstrated that
HR may have an effect on baPWV, independent of SBP lev-
el, in the observational data. This is supported by the fact
that increasing HR by pacing causes a marked reduction of
arterial distensibility (24), which is inversely related to
PWV, without HR-dependent changes in BP.

While in this study cAlx was correlated with SBP and PP,
but not DBP, Niimberger ef al. reported that DBP was an im-
portant determinant of cAlx (25). This phenomenon was
probably due to the differences of age distribution (mean
age: 69.4 years for this study vs. 27.8 years for Niirnberger ef
al. (25)). In the elderly, the reflected pulse wave returns to the
aorta in the systole, thereby increasing SBP and PP. cAlx
was correlated with LDL-C apart from baPWYV, and this re-
lationship was not lost after multiple regression analysis. It

has been shown that patients with hypertension and elevated
LDL-C have endothelial damage and progressing atheroscle-
rosis (26). Increased Alx has been reported in hypercholes-
terolemic patients (27). Alx may depend on the pattern of
ventricular ejection and on the arterial properties determin-
ing the amount and site of wave reflection (28). These reflec-
tion sites may be influenced by the vascular tone of the small
muscular arteries (7). Megnien et al. showed that arterial
stiffening does not predict atherosclerotic disease in asymp-
tomatic men at cardiovascular risk (29). In contrast, Weber
et al. have recently shown that Alx as an index of arterial
stiffening is an independent risk marker for premature coro-
nary atherosclerosis (5). Further studies are needed to evalu-
ate whether Alx could be considered a useful surrogate
marker for assessing early-stage (preclinical) atherosclerosis.

cAlx was also significantly correlated with height. We
considered that this reflected the earlier arrival of the reflect-
ed waveform due to the reduced length of the arterial tree.
Smulyan et al. demonstrated the early systolic arrival of re-
flected waves in short people, and suggested that this fact
could explain the inverse relationship between height and
cardiovascular risk (30). Contrary to the findings with ba-
PWV, this study showed a negative relationship between
Alx and HR, as shown by Wilkinson ef al. (31) and Gatzka
et al. (32). Arteries also display viscoelasticity, which means
that their stifiness itself depends on the rate at which they are
stretched by the pulse, and is thus dependent on HR. In addi-
tion, ejection times are prolonged and reflections return dur-
ing the systolic interval, merging with the incident pressure
wave and increasing the peak systolic pressure. Similarly to
baPWV, cAlx must therefore be evaluated after considering
HR differences as a confounding factor. Standardizing Alx
for these physiologic factors, including height and HR,
seems mandatory if one wants to interpret these changes in

 interventional clinical trials. In the present study, contrary to

our expectation but in agreement with the findings of Kelly
et al. (7), PWV and Alx could not be used interchangeably
as an index for arterial stiffness. This may be explained by
the fact that Alx is also determined by the pattern of ventric-
ular gjection and the intensity of wave reflection which, in
turn, is determined by the diameter and elasticity of small ar-
teries and arterioles (33).

In conclusion, this study demonstrated good intracbserver-
intersession reproducibility of these arterial stiffness indices
under controlled experimental conditions, provided that the
measurements are done by a single investigator. Since these
simultaneously measured arterial stiffness indices seem to
contribute to the more precise assessment of cardiovascular
risk, this apparatus would greatly facilitate the analysis of
pulse waveforms in large longitudinal and interventional
studies in hypertensive patients,
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Type 2 Diabetes Is Associated With
Left Ventricular Concentric Remodeling

in Hypertensive Patients

Kazuo Eguchi, Kazuomi Kario, Satoshi Hoshide, Joji Ishikawa, Masato Morinari,

and Kazuyuki Shimada

Background: Left ventricular (LV) geometric remod-
eling is associated with cardiovascular prognosis in hyper-
tensive patients. It is uncertain how LV remodeling is
modulated by diabetes in hypertensive patients. In this
study, we investigated the impact of diabetes and ambu-
latory blood pressure (BP) on L'V geometric remodeling in
hyptensives with/without diabetes.

Methods: Ambulatory BP monitoring and echocardi-
ography were performed to compare 24-h BP levels and
LV measurements in 400 uncomplicated hypertensives
(mean age, 67 years, 152 men and 248 women) between
diabetic (n = 161) and nondiabetic (n = 239) patients.

Results: The age (67 v 68 years), percentage of men
(43% v 34%), body mass index (24.5 v 24.0 kg/m?), 24-h
systolic BP (144/80 v 144/82 mm Hg), LV mass index
(128 v 130 g/m?) were similar between the groups. Dia-
betic patients bad higher relative wall thickness (0.50 v

0.44, P < .001) and higher prevalence of concentric LV
hypertrophy (39.4% v 26.8%, P < .001) than nondiabetic
patients. The presence of diabetes (odds ratic [OR] =
2.76; 95% confidence interval [CI] = 1.73-441, P <
.001) and 24-h systolic BP (OR for 10 mm Hg increase =
1.17; 95% CI = 1.01-1.37, P < .05) were independently
associated with the higher relative wall thickness (=0.45).
On the other hand, 24-h systolic BP was independently
associated with LV hypertrophy (OR for 10 mm Hg in-
crease = 1.32; 95% CI = 1.14-1.52, P < .05).

Conclusions: Among hypertensive patients, type 2

- diabetes was associated with concentric LV geometry in-

dependent of ambulatory BP. Am J Hypertens 2005;18;
23-29 © 2005 American Journal of Hypertension, Lid.
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iabetes mellitus is one of the most important
D risk factors for cardiovascular disease,! Diabe-

tes mellitus and hypertension frequently coex-
ist and each pathologic condition exacerbates the other.?
Several population studies have shown that diabetes is
associated with left ventricular (LV) structural and
functional abnormalities.>~> In the Hypertension genetic
epidemiology network (HyperGEN) study* and the
Strong Heart Study,’ type 2 diabetes was associated
with higher LV mass, more concentric LV geometry,
and lower cardiac function. Because there is a strong
relationship between LV hypertrophy and adverse car-
diovascular outcomes in hypertensive patients,®% early
detection of LV structural changes in diabetic patients
may be important.

The level of blood pressure (BP) using ambulatory BP
monitoring correlates better than clinic BP measurements
with hypertensive target organ damage.® Patients with
white coat hypertension, defined as persistent clinic hy-
pertension but normal 24-h BP with ambulatory BP mon-
itoring, have smaller L'V mass than patients with sustained
hypertension. The LV mass of the former is similar to that
of normotensive patients.'® Although diabetes and hyper-
tension both may be contributing factors to LV remodel-
ing, there are few reports showing the impact of
ambulatory BP on LV remodeling in diabetic patients.

Thus we performed a cross-sectional study to assess the
association of diabetes and ambulatory BP with LV geo-
metric remodeling in Japanese hypertensive patients with
and without diabetes.
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