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Central blood pressure: a powerful predictor of the
development of hypertension

Hirofumi Tomiyama1, Michael F O’rourke2, Hideki Hashimoto3, Chisa Matsumoto1, Mari Odaira1,
Masanobu Yoshida1, Kazuki Shiina1, Mikio Nagata4 and Akira Yamashina1

We examined whether the central aortic systolic blood pressure, a marker of the function of the systemic arterial tree, might be

a more powerful predictor of the development of hypertension than the brachial-ankle pulse wave velocity, a marker of the

stiffness of the large- to middle-sized arteries, independent of the conventional risk factors for the development of hypertension.

In 1268 Japanese men without hypertension (43±8 years old), the relationships between three variables (the second peak of

the radial pressure waveform (SP2), brachial-ankle pulse wave velocity and conventional risk factors measured at the first

examination) with the presence of hypertension at the second examination (after 3 years’ follow-up) were examined.

Hypertension was detected at the second examination in 154 men. The best cutoff points of the brachial-ankle pulse wave

velocity and SP2, for predicting the development of hypertension, were 12.7m/s and 109mmHg, respectively. The results of

a logistic regression analysis confirmed that an SP2 of X109mmHg (odds ratio¼8.493, Po0.001) was a more powerful

predictor of the development of hypertension than a brachial-ankle pulse wave velocity of X12.7m/s, independent of the

conventional risk factors. The net reclassification index of SP2 (at the best cutoff point) to brachial-ankle pulse wave velocity

was 0.211 (Po0.001), indicating that SP2 is a better predictor of the development of hypertension than brachial-ankle pulse

wave velocity. In middle-aged Japanese men without hypertension, SP2 may be a more powerful predictor of the development

of hypertension than the assessment of stiffness in large to middle-sized arteries independent of the conventional risk factors.
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INTRODUCTION

Vascular mechanisms are known to have vital roles in the development
of hypertension.1 Some prospective studies have demonstrated that the
markers related to stiffness in conduit arteries are predictors of the
development of hypertension,2–6 and we previously demonstrated that
the brachial-ankle pulse wave velocity (brachial-ankle PWV), a marker
of the stiffness of the large- to middle-sized arteries, might be a reliable
predictor of the future development of hypertension.4 On the other
hand, central aortic systolic pressure (CASP) is a parameter of the
central hemodynamics, and not only abnormalities of the conduit
arteries but also those of the peripheral arteries affect the CASP.7–10

The vascular statuses of both the conduit and the peripheral arteries
have been suggested to have pivotal roles in elevation of the blood
pressure.1 Thus, it was considered possible that the CASP is a more
powerful predictor of the development of hypertension than the
assessment of abnormalities of conduit arteries. However, no
prospective study has been conducted to verify this hypothesis.

The present prospective study was conducted to clarify whether
the second peak of the radial pressure wave form (SP2), a marker
of CASP,7,8,11,12 might be a more powerful predictor of the

development of hypertension than the brachial-ankle PWV in
middle-aged Japanese men without hypertension, independent of
the conventional risk factors for the development of hypertension
such as age, obesity, smoking status, alcohol intake, brachial blood
pressure, and heart rate.

METHODS

Subjects
This prospective study was conducted in a cohort of Japanese employees of the

company headquarters of a single large construction company.4,13 The subjects

underwent an annual health checkup in 2007, The examinations, including

blood pressure measurements (two times) with the subjects in the seated

position, blood and urine examinations, and measurements of the brachial-

ankle PWV and radial augmentation index (radial AI), were conducted in the

morning after the subjects had fasted overnight. Among the study subjects,

those who were working at the company headquarters were invited to undergo

follow-up measurements of the brachial-ankle PWV and radial AI, and also

blood and urine examinations in 2010. Informed consent was obtained from

all the study participants before their participation in this study. The study

complies with the Declaration of Helsinki and was conducted with the
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approval of the Ethical Guidelines Committee of the Tokyo Medical University.

The follow-up protocol is described in detail elsewhere.4,13

Subjects fulfilling the following criteria either at the baseline (2007) or at the

final examination (2010) were excluded from the study: (1) ankle/brachial

systolic blood pressure index of less than 0.95; (2) presence of atrial fibrillation;

(3) serum c-reactive protein (CRP) level exceeding 10.0 mg/l (as the conven-

tional clinical cutoff point for inflammation); (4) value of the s.d. of the radial

AI, as calculated from ten radial pressure waveform records, of X6%.12 In

addition, subjects receiving medications for heart disease, stroke, and/or risk

factors for cardiovascular diseases (that is, hypertension, hypercholesterolemia

and/or diabetes mellitus) at the baseline examination were also excluded.

In the year 2007, 2412 subjects working at the headquarters of a

construction company were enrolled in this follow-up study. Of these, 2185

subjects were successfully followed up until 2010, while the remaining 227

subjects were recorded as lost to follow-up because of their failure to visit the

center for completion of the testing or other reasons (moving from the

company headquarters to branch offices, change of job, retirement, and so on).

Of the 2185 subjects, 220 subjects were initially excluded because of the

presence of atrial fibrillation (n¼ 6), ankle/brachial systolic blood pressure

index of less than 0.95 (n¼ 62), values of the s.d. of the radial AI of X6%

(n¼ 116), or serum CRP levels exceeding 10.0 mg/l (n¼ 36). Then, the

remaining 1965 subjects were enrolled for the follow-up examinations. At

the start of the follow-up period, 212 subjects with a history of treatment for

heart disease, stroke, and/or risk factors for cardiovascular disease were

excluded. Among these, 182 were labeled as having hypertension and 1268

subjects as having normal blood pressure (all the 293 women were excluded,

because their number was relatively small as compared with the number of

men included in the study).

Measurements

Brachial blood pressure measurement and definition of the blood pressure

category. Brachial blood pressure was determined as the mean of two

measurements obtained in an office setting by the conventional cuff method

using a mercury sphygmomanometer. These two measurements were per-

formed on the same occasion with the subjects in the seated position after at

least 5 min of rest. Then, according to the mean of the duplicate brachial blood

pressure measurements, the subjects were labeled as having normal blood

pressure (less than 140/90 mm Hg) or hypertension (X140/X90 mm Hg).

Subjects receiving antihypertensive medications were categorized as having

hypertension.

Alcohol use. Habitual alcohol use was assessed using a self-administered

questionnaire. The alcohol use level was evaluated using two parameters: the

average drinking frequency (days/week) and the average amount consumed

every week (ml). The average daily alcohol use level (g/day, ethanol equivalent)

was then calculated for each subject. Then, the subjects were categorized

according to their daily alcohol use, estimated from their responses to the

questionnaire, as follows: no history of alcohol consumption, no-alcohol

group; consumes 1–29 g of alcohol/day, light-to-moderate alcohol use group;

consumes 430 g of alcohol/day, heavy alcohol use group.4

Pulse wave velocity. Brachial-ankle PWV was measured using a volume-

plethysmographic apparatus (Form/ABI, Colin, Komaki, Japan), in accordance

with previously described methodology.4,13 In brief, occlusion cuffs, which

were connected to both the plethysmographic and oscillometric sensors, were

tied around both the upper arms and ankles of the subjects lying in the supine

position. The brachial and post-tibial arterial pressures were measured using

the oscillometric sensor. The measurements were conducted after the subjects

had rested for at least 5 min in the supine position, in a temperature-controlled

room (24–26 1C) designated exclusively for this purpose.

Augmentation index. Measurements of the blood pressure and radial AI were

conducted after the subjects had rested for at least 5 min in the sitting position.

The blood pressure was measured in the right upper arm using the

oscillometric method (HEM-907; Omron Healthcare, Kyoto, Japan). Immedi-

ately after this measurement, the left radial arterial waveform was recorded

using an arterial applanation tonometry probe equipped with an array of 40

micropiezo-resistive transducers (HEM-9010AI; Omron Healthcare). The

HEM-9010AI device is programmed to automatically determine the pressure

of the radial artery to yield the optimal radial arterial waveform.11,12 Then, the

first and second peaks of the peripheral systolic pressure (SP1 and SP2, a

marker of the CASP) and peripheral diastolic pressure (DP) were automatically

determined using the fourth derivatives for each radial arterial waveform, and

averaged. The radial AI, a marker of the central AI, was calculated as follows:

(SP2 – brachial DP)/(SP1 – brachial DP)� 100(%).11,12

Laboratory measurements
Fasting serum concentrations of triglycerides, total cholesterol, high-density

lipoprotein cholesterol and creatinine, and plasma glucose (FPG) concentra-

tions were measured using enzymatic methods (Falco Biosystems, Tokyo,

Japan). The blood and urine samples were collected at the time of the annual

health checkups. The serum CRP level was determined by the latex-aggregation

method (Eiken, Tokyo, Japan), which is a high-sensitivity assay method with a

detection threshold of o0.1 mg/l.

Statistical Analyses
Data were expressed as means±s.d. The differences in the measured values

between the first and second examinations were assessed by the paired t-test.

McNemar’s non-parametric test was applied for assessment of the differences

in the categorical variables between the first and second examinations.

A logistic regression analysis was performed to assess the relationship

between the variables measured at the first examination and the presence of

hypertension at the second examination. Among the variables conventionally

known as risk factors for the development of hypertension, those with a

significant crude odds ratio for the presence of hypertension at the second

examination were entered as covariates for the adjustments in the multivariable

logistic regression analysis with brachial-ankle PWV, radial AI, SP1 and SP2 at

the first examination as main explanatory variables. Then, the adjusted odds

ratios of the variables for the presence of hypertension at the second

examination were determined.

The values obtained at the second examination minus those obtained at the

first examination were determined as the delta changes of the brachial systolic

and diastolic blood pressures during the study period. The relationships

among the variables were assessed by univariate linear regression analysis and

also multivariate linear regression analysis with adjustments for covariates (the

covariates were the same as those entered in the logistic regression analysis).

A receiver-operating characteristic curve analysis was conducted to compare

performance of the brachial-ankle PWV and SP2 recorded at the first

examination to predict hypertension at the second examination and also to

identify the best cutoff point of these two variables. In receiver-operating

characteristic curve analysis, the best cutoff point of the variables was

determined by the Youden index (Sensitivityþ Specificity�1).14 Then, the

variables were dichotomized at the cutoff point, and were tested by logistic

regression analysis with adjustments for covariates. Finally, the net

reclassification index of the best cutoff point of the SP2 to that of the

brachial-ankle PWV at the first examination for predicting the development of

hypertension was calculated.15

All of the analyses were conducted using the IBM/SPSS software for

Windows, version 19.0 J (IBM/SPSS, Chicago, IL, USA); P-values o0.05 were

considered to denote statistical significance.

RESULTS

During the 3-year follow-up period, 154 men developed hypertension
by the time of the second examination (Among these, 35 had been
initiated on antihypertensive medication by the time of the second
examination). Table 1 depicts the clinical characteristics of the study
subjects at the first and second examinations. Significant increases of
the body mass index (BMI), alcohol intake, blood pressure variables,
brachial-ankle PWV, and parameters of the central hemodynamics
from the first to the second examination were observed.

Table 2 depicts the baseline clinical characteristics of the study
subjects with and without development of hypertension by the end of
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the study period. Significant differences in age, BMI, brachial systolic
and diastolic blood pressures, heart rate, serum triglycerides levels,
FPG levels, smoking status, and alcohol consumption status were
observed between the two groups.

Table 3 shows the results of the logistic regression analysis
performed to determine the crude odds ratio and 95% confidence
intervals (95% CI) for the variables measured at the first examination

to predict the presence of hypertension at the second examination.
Age, BMI, brachial systolic and diastolic blood pressures, heart rate,
serum triglycerides levels, FPG levels, smoking status, and alcohol
consumption status showed significant crude odds ratios for the
presence of hypertension at the second examination. Then,
these variables were entered as covariates for the adjustments in the
multiple logistic regression analysis. Each of the brachial-ankle PWV,
radial AI, SP1 and SP2 at the first examination showed a significant
crude odds ratio for the presence of hypertension at the second
examination (Table 3).

After the adjustments, each of the brachial-ankle PWV, radial AI,
SP1 and SP2 at the first examination was identified to show a
significant adjusted odds ratio for the presence of hypertension at the
second examination (Table 4A). Then, to examine the independency
of these variables to predict the presence of hypertension at the
second examination, all the variables were entered. Only the SP2 on
the first examination remained significant as an independent pre-
dictor of the development of hypertension (Table 4B).

In the univariate linear regression analysis, the brachial-ankle PWV
(r¼ 0.072, P¼ 0.010) and SP2 (r¼ 0.105, Po0.001) measured at the
first examination were found to be significantly correlated with the
delta change of the brachial systolic blood pressure during the study
period. The SP2 (r¼ 0.075, Po0.001), but not the brachial-ankle
PWV (r¼ 0.041, P¼ 0.141), measured at the first examination was
found to be significantly correlated with the delta change of the
brachial diastolic blood pressure during the study period. Then, a
multivariate linear regression analysis, with the brachial-ankle PWV
and SP2 measured at the first examination entered into the analysis
model simultaneously with the variables used as covariates for the
adjustments in the logistic regression analysis, demonstrated that both
the brachial-ankle PWV {non-standardized coefficient¼ 0.009 (95%
CI¼ 0.006–0.012); standardized coefficient¼ 0.101, P¼ 0.001} and
SP2 {non-standardized coefficient¼ 0.257 (95% CI¼ 0.230–0.284);
standardized coefficient¼ 0.299, Po0.001} measured at the first
examination showed a significant independent relationship with the

Table 1 Clinical characteristics of the study subjects (number of

study subjects¼1268)

Parameter First examination Second examination P-value

Age 43±8

BMI 23.7±2.8 23.9±2.8 o0.001

Smoking (%) 387 (31) 339 (27) o0.001

Alc (non/mimo/heav) (%) 220/718/330 162/627/479 o0.001

BSP (mm Hg) 120±10 121±12 o0.001

BDP (mm Hg) 72±9 75±9 o0.001

HR (beats/min) 68±9 67±10 o0.001

baPWV (m/s) 12.5±1.3 12.9±1.6 o0.001

rAI (%) 69.0±13.2 72.9±12.5 o0.001

SP1 (mm Hg) 121±12 122±13 0.011

SP2 (mm Hg) 107±14 109±14 o0.001

TC (mmol/l) 5.34±0.86 5.39±0.83 0.008

TG (mmol/l) 1.39±1.00 1.37±1.03 0.369

HDL(mmol/l) 1.62±0.40 1.67±0.42 o0.001

FPG(mmol/l) 5.03±0.53 4.98±0.59 o0.001

Crnn (mmol/l) 76.49±9.80 76.81±9.52 0.095

CRP (mg/l) 0.93±1.16 0.90±1.02 0.319

Abbreviations: BMI, body mass index; Alc (non/mimo/heav), non, non-drinker; mimo, mild to
moderate drinker; heav, heavy drinker; BSP, brachial systolic blood pressure; BDP, brachial
diastolic blood pressure; HR, heart rate determined from the electrocardiogram at the time of
measurement of the brachial-ankle pulse wave velocity; baPWV, brachial-ankle pulse wave
velocity; rAI, radial augmentation index; SP1, first peak of the radial pressure waveform;
SP2, second peak of the radial pressure waveform; TC, serum total cholesterol; HDL, serum
high-density lipoprotein cholesterol; TG, serum triglycerides; FPG, fasting plasma glucose;
Crnn, serum creatinine level; CRP, serum level of C-reactive protein

Table 2 Baseline clinical characteristics of the study subjects with

and without hypertension

Parameter

Without hypertension

(n¼1114)

With hypertension

(n¼154) P-value

Age 42±8 47±8 o0.001

BMI 23.6±2.7 24.7±3.0 o0.001

Smoking (%) 328 (29) 59 (38) 0.034

Alc (non/mimo/

heav)(%)

203/644/267 17/74/63 o0.001

BSP (mm Hg) 119±10 128±9 o0.001

BDP (mm Hg) 71±8 79±8 o0.001

HR (beats/min) 65±8 68±9 o0.001

baPWV (m/s) 12.4±1.2 13.5±1.5 o0.001

rAI (%) 68.0±13.1 75.5±12.0 o0.001

SP1 (mm Hg) 120±11 134±12 o0.001

SP2 (mm Hg) 105±12 122±14 o0.001

TC (mmol/l) 5.33±0.87 5.39±0.78 0.494

TG (mmol/l) 1.36±0.99 1.59±1.06 0.014

HDL(mmol/l) 1.62±0.40 1.59±0.41 0.339

FPG(mmol/l) 5.01±0.53 5.19±0.53 o0.001

Crnn (mmol/l) 76.48±9.77 76.60±10.03 0.888

CRP (mg/l) 0.93±1.19 0.94±1.02 0.918

Abbreviations are described in the footnote for Table 1.

Table 3 Logistic regression analysis to determine the crude odds

ratio and 95% confidence intervals for the variables measured at the

first examination to predict the development to hypertension

Variable Crude odds ratio 95% CI P-value

Age 1st 1.072 1.050–1.094 o0.001

BMI 1st 1.139 1.076–1.207 o0.001

Smoking 1st 1.488 1.049–2.111 o0.001

Alc 1st 1.795 1.371–2.350 o0.001

BSP 1st 1.112 1.088–1.137 o0.001

BDP 1st 1.125 1.097–1.153 o0.001

HR 1st 1.050 1.031–1.070 o0.001

baPWV 1st 1.006 1.004–1.007 o0.001

rAI 1st 1.047 1.032–1.062 o0.001

SP1 1st 1.114 1.095–1.134 o0.001

SP2 1st 1.105 1.088–1.122 o0.001

TC 1st 1.065 0.877–1.294 0.526

TG 1st 1.198 1.043–1.377 0.011

HDL 1st 0.809 0.526–1.243 0.333

FPG 1st 1.647 1.258–2.157 o0.001

Crnn 1st 1.001 0.984–1.019 0.886

logCRP 1st 1.378 0.763–2.489 0.288

Abbreviations: 1st, at the first examination; 95% CI, 95% confidential interval; logCRP, log-
transformed plasma C-reactive protein levels; other abbreviations are explained in the footnote
for Table 1.
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delta change of the brachial systolic blood pressure during the study
period (R2¼ 0.344). Further, the SP2 measured at the first examina-
tion (non-standardized coefficient¼ 0.233 (95% CI¼ 0.211–0.255);
standardized coefficient¼ 0.336, Po0.001), but not the brachial-
ankle PWV measured at the first examination {non-standardized
coefficient¼ 0.000 (95% CI¼ �0.001 to 0.002); standardized
coefficient¼ 0.006, P¼ 0.827}, showed a significant independent
relationship with the delta change of the brachial diastolic blood
pressure during the study period (R2¼ 0.343).

Estimated areas under the curve to predict the presence of
hypertension at the second examination were as follows: brachial-
ankle PWV at the first examination¼ 0.716 (95% CI¼ 0.674–0.759)
and SP2 at the first examination¼ 0.843 (95% CI¼ 0.812–0.874). As

shown in Figure 1, the best cutoff points of the brachial-ankle PWV
and SP2 determined at the first examination for predicting the
presence of hypertension at the second examination were 12.7 m/s
(sensitivity¼ 68% and specificity¼ 66%; Youden index¼ 0.34) and
109 mm Hg (sensitivity¼ 91% and specificity¼ 64%; Youden
index¼ 0.55). When brachial-ankle PWV 412.7 m/s at the first
examination and SP2 X109 mmHg at the first examination were
entered separately into the logistic regression analysis model with
adjustments for conventional risk factors, both were significantly
predictive of the presence of hypertension at the second examination.
However, when both were entered simultaneously into this logistic
regression model, SP2 X109 mm Hg at the first examination
(adjusted odds ratio¼ 8.493, 95% CI¼ 4.629–15.582, Po0.001),
but not the brachial-ankle PWV at the first examination (adjusted
odds ratio¼ 1.293, 95% CI¼ 0.838–1.994, P¼ 0.246), was signifi-
cantly predictive of the presence of hypertension at the second
examination.

The net reclassification index of the best cutoff point of the SP2 to
that of conventional risk factors, including the brachial-ankle PWV
measured at the first examination, for predicting the presence of
hypertension was 0.211 (Po0.001) (Table 5).

DISCUSSION

This is the first prospective study to clarify whether SP2, a marker of
CASP, might be a reliable predictor of the development of
hypertension.

Previous findings to predict the development of hypertension
Previous studies have demonstrated that age, brachial blood pressure
levels, heart rate, BMI, FPG levels, serum CRP levels, alcohol intake
status and smoking status are factors that influence the risk of
development of hypertension.4,16 In this study, after adjustments for
these factors, the brachial-ankle PWV and SP2 were identified to show
significant odds ratios for the new onset of hypertension. When the
significance of these two variables was compared, the SP2 rather than
the brachial-ankle PWV was identified to show a significant odds

Table 4 (A and B) Assessment of the independency of the variables

for predicting the development of hypertension during the

observation period by logistic regression analysis with adjustments

Variable Adjusted odds ratio 95% CI P-value

A: Each of the variables (baPWV 1st, rAI 1st, SP1 1st and SP2 1st) was separately

entered into the model of logistic regression analysis with adjustments

baPWV 1st 1.003 1.001–1.004 o0.001

rAI 1st 1.053 1.033–1.073 o0.001

SP1 1st 1.087 1.065–1.109 o0.001

SP2 1st 1.085 1.065–1.105 o0.001

B: Each of the variables (baPWV 1st, rAI 1st, SP1 1st and SP2 1st) was

simultaneously entered into the model of logistic regression analysis with

adjustments

baPWV 1st 0.999 0.998–1.001 0.491

rAI 1st 0.974 0.915–1.037 0.408

SP1 1st 0.975 0.882–1.078 0.625

SP2 1st 1.126 1.006–1.261 0.039

Abbreviation: Abbreviations are explained in the footnote for Table 1; the covariates for the
adjustments were the conventional risk factors with significant crude odds ratios to predict the
development of hypertension (age, BMI, systolic and diastolic blood pressures, heart rate,
serum TG levels, FPG levels, smoking status, and alcohol use status).
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Figure 1 Receiver-operator characteristic curves to illustrate the relationship

between the variables measured at the first examination and the progression

to hypertension during the study period. AUC, area under the curve; SP2,

second peak of the radial pressure waveform at the first examination.

Table 5 The calculation of the net reclassification index of the best

cutoff point of the SP2 to that of the brachial-ankle PWV measured at

the first examination for predicting the presence of hypertension

Reclassification included SP2

Non-case Case

Subjects without developed hypertension by the time of the second examination

(n¼1114)

The assessment with conventional risk factors including baPWV

Non-case 547 181

Case 163 223

Subjects with developed hypertension by the time of the second examination

(n¼154)

The assessment with conventional risk factors including baPWV

Non-case 6 43

Case 8 97

The upward and downward movements in the subjects without developed hypertension were
181 and 163, respectively, and the corresponding movements in the subjects with developed
hypertension were 43 and 8, respectively. Thus, the net reclassification index was 0.211,
Po0.001.
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ratio for the development of hypertension. Furthermore, the net
reclassification index has been proposed as a useful index to evaluate
the strengths of new markers to improve the risk stratification of
subjects for cardiovascular disease;14 in this study, the net
reclassification index of the SP2 to the brachial-ankle PWV was
0.211. Thus, this prospective study suggested that the SP2 served as a
more reliable marker for predicting the development of hypertension
than the brachial-ankle PWV, independent of the conventional risk
factors for the development of hypertension.

Previous findings of CASP as a marker of cardiovascular risk
Several prospective studies have demonstrated that the CASP is an
independent risk factor for the future development of cardiovascular
events.17,18 On the other hand, physiological markers have also been
focused on as markers of the early stage pathophysiological
abnormalities related to the risk of cardiovascular disease, such as
subclinical organ damage.8,19–21 McEniery et al. demonstrated that
more than 70% of subjects with high normal blood pressure had
similar CASP levels as the subjects with stage I hypertension;
therefore, they proposed assessment of the CASP to improve the
identification and management of patients with an elevated risk of
cardiovascular diseases.22 The results of the present study suggesting
that SP2 is an independent risk factor for the development of
hypertension is in line with the concept that the CASP can serve as
an independent marker of the early-stage pathophysiological
abnormalities related to increased cardiovascular risk.

CASP and the development of hypertension
Previous studies have demonstrated that carotid arterial elasticity and
aortic elasticity as assessed by ultrasound examination, brachial-ankle
PWV, a marker of stiffness of the large to middle-sized arteries, and
carotid-femoral PWV, a marker of stiffness of the large artery, are
predictors of the development of hypertension.2–6 Therefore,
functional abnormalities in the arteries may be associated with the
development of hypertension. The plausible underlying mechanisms
are as follows: (1) increase in aortic impedance elevates the systolic
blood pressure; (2) the attenuated cushioning effect of the aorta
increases the propagation of the pressure energy generated by cardiac
contraction to the peripheral organs. Then, microvascular damage
caused by this increased propagation pressure elevates the blood
pressure via increasing the peripheral vascular resistance and/or
causing renal function decline.2–5,20,21

On the other hand, CASP is a marker of the central hemodynamics,
and pressure wave reflection is one of the major determinants of the
CASP; the latter is not only affected by the status of the conduit
arteries, but also by that of the peripheral arteries.7–10 Recently, Perelta
et al. suggested that reduced small arterial elasticity is the earliest
predictor of the development of hypertension.6 In addition to the
influence of the conduit-arterial status, abnormal peripheral vascular
status directly elevates the blood pressure via several mechanisms,
such as by inducing endothelial dysfunction and increasing the
peripheral vascular resistance.1,23

Finally, an increase in the blood pressure itself within the normal
range, such as prehypertension, is a risk factor for the development of
hypertension.24 In the present study, among the variables related to
arterial stiffness, central hemodynamics and blood pressure, SP2 was
the most powerful predictor of the development of hypertension.
Therefore, CASP might be a comprehensive marker representing
several pathophysiological abnormalities related to the development
of hypertension.

Limitations
The present study had some limitations, as follows: (1) in the present
study, the blood pressure categories were defined by the duplicate
brachial blood pressure measurements obtained on the day of the
annual health check-up. Therefore, there is the possibility of
diminished accuracy of the blood pressure categorization, but we
did not have any scope to resolve this issue in this prospective study;
(2) we could not examine the effects of habitual exercise, which is
known to affect the risk of development of hypertension; (3) the
significance of CASP as a predictor of the development of hyperten-
sion should be confirmed in the elderly, in female subjects and in
subjects of other ethnicities.

CONCLUSION

In middle-aged Japanese men without hypertension, SP2 may be a
more powerful predictor of the development of hypertension than the
assessment of stiffness in large to middle-sized arteries, independent
of the conventional risk factors for the development of hypertension.
Thus, functional abnormalities in the systemic arterial tree may have
some roles in the increased risk of hypertension, even in the early
stage of cardiovascular disease.
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