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Distribution of central blood pressure values estimated
by Omron HEM-9000AI in the Japanese general
population

Hiroyuki Takase1, Yasuaki Dohi2 and Genjiro Kimura2

Central blood pressure is more closely associated with cardiovascular events and target organ damage than peripheral blood

pressure measured over the brachium using a conventional method. This study was designed to investigate the distribution of

central systolic blood pressure values estimated by Omron HEM-9000AI in the Japanese general population. A cross-sectional

study were performed in 10 756 subjects without overt cardiovascular disease (male¼6574; mean age 55.3±12.5 years,

range 20–91 years). Of these, 7348 subjects received no antihypertensive, antidiabetic or lipid-lowering drug treatment, and

were used for the present analysis. Estimated central systolic blood pressure was higher than brachial systolic blood pressure

and was significantly correlated with age and brachial blood pressure. The central systolic blood pressure values obtained from

subjects without cardiovascular risk factors other than hypertension were 125.8±37.2 (mean±2 s.d., n¼3760) mm Hg.

The values obtained from subjects with no cardiovascular risk factors were 112.6±19.2 (n¼1975) mm Hg for optimal and

129.2±14.9 mm Hg for normal brachial blood pressure categories (n¼697). This study is the first to show the distribution

of central systolic blood pressure values estimated using the Omron HEM-9000AI, marking an important step toward

implementing the clinical use of central blood pressure in the diagnosis and management of hypertension.
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INTRODUCTION

Several guidelines include a blood pressure (BP) category to define
arterial hypertension.1–3 BP measured over the brachial artery is
usually used for patient evaluation and management, based on its role
as a powerful predictor of cardiovascular morbidity and mortality.1–6

Recent studies have suggested that central BP is more closely
associated with cardiovascular events and target organ damage than
brachial BP,7–11 although this idea is still controversial.12,13 In spite of
its emergence as the better index for cardiovascular risk management,
a wider implementation of central BP into clinical practice is
hampered by the lack of established reference values.
The superiority of central BP over brachial BP in monitoring

therapeutic effects and predicting cardiovascular events has been well
established using the SphygmoCor technique (AtCor Medical, Sydney,
Australia).7,9,14,15 The SphygmoCor device directly records radial
pulse waveform by tonometry, and this is converted to a central
aortic pressure waveform using a generalized transfer function.
Central BP is then estimated by calibration against brachial BP.16,17

Recently, an automated device for the estimation of central systolic
BP has been introduced, namely the Omron HEM-9000AI

(Omron Healthcare, Kyoto, Japan).18–22 The Omron device records
radial pulse waveform in an automated manner, and BP corresponding
to the second systolic peak is obtained by calibration against brachial
BP. The central systolic BP is then estimated using a regression
equation.18,22 Because of the simplicity of these measurements,18,22 use
of the Omron device is now widespread especially in Japan. These
noninvasive estimations show close correlation with the invasive
measurements of central BP in ascending aorta.18,21,22 Furthermore,
central systolic BP values estimated by the Omron device are highly
correlated with those estimated on a SphygmoCor device.19–21

However, both devices underestimate central systolic BP, with the
SphygmoCor device producing a larger deviation (average,
–15mmHg) than the Omron device (–2mmHg).21 These results
indicated that central systolic BP estimated by either the Omron or
SphygmoCor device could provide a useful clinical marker in the
management of hypertension, although the Omron device apparently
requires its own reference values because of technological differences
between the systems. Thus, this study was designed to investigate the
distribution of central systolic BP values estimated by the Omron
device in the Japanese general population.
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METHODS

Study design and subjects
A cross-sectional study was used to evaluate characteristics relevant to central

BP in subjects with various cardiovascular risk factors. We enrolled 10 756

consecutive subjects aged 20 years or more (male¼ 6574; mean age 55.3±12.5

years, range 20–91 years), who underwent a multiphasic health checkup in the

Department of Health Checkup, Enshu Hospital, from January 2009 to

September 2011. Subjects with overt cardiovascular disease were excluded

from the study. We undertook this study in accordance with the principles of

the Declaration of Helsinki. The study protocol was approved by the Ethics

Committee of Enshu Hospital. All patients gave written informed consent to

participate before the start of the study.

Study procedures
Our health checkup program included a routine physical examination, chest

X-ray, electrocardiography and laboratory assessment of cardiovascular risk

factors. Brachial BP (oscillometer) was measured and central systolic BP was

estimated after participants were seated in a chair for 5min with their backs

supported and their arms supported at heart level in an air-conditioned room

(HEM-9000AI; Omron Healthcare).

The population was categorized according to age decade (20–29, 30–39, 40–

49, 50–59, 60–69 and X70 years) and BP category. To investigate the

distribution of central systolic BP values, subjects were excluded if taking

medications that may affect BP or arterial stiffness, which is an important

determinant of central BP (Figure 1). ‘Population A’ was defined as subjects of

both sexes taking no medication for hypertension, dyslipidemia or diabetes

mellitus. Subjects with major risk factors were then excluded from ‘population A’

to form a near-normal population. ‘Population B’ was defined as subjects of

both sexes without major cardiovascular risk factors other than hypertension

(without diabetes, dyslipidemia or current smoking) and not taking anti-

hypertensive medication. ‘Population C’ was defined as subjects with optimal

or normal BP and no major cardiovascular risk factors (Figure 1). Classifica-

tion of brachial BP levels was defined as follows: optimal BP, systolic BP

o120mmHg and diastolic BP o80mmHg; normal BP, systolic BP o130

mmHg and diastolic BP o85mmHg; high normal BP, systolic BP 130–

139mmHg and/or diastolic BP 85–89mmHg; hypertension, systolic BP

X140mmHg and/or diastolic BP X90mmHg.1–3 Subjects taking

antihypertensive medications were classified as hypertension. In this study,

diabetes mellitus was defined by a fasting plasma glucose X126mgdl�1 or by

the use of antidiabetic medications, whereas dyslipidemia was defined by low-

density lipoprotein cholesterol levels X140mgdl�1, high-density lipoprotein

cholesterol values o40mgdl�1, triglycerides X150mgdl�1 or the use of

antidyslipidemic medications. The estimated glomerular filtration rate was

calculated using the Japanese Society of Nephrology formula.23

Estimation of central BP
Radial artery pressure waveforms and brachial BP were recorded simulta-

neously using a fully automated device (HEM-9000AI; Omron Healthcare) to

calculate late systolic pressure in the radial artery (SBP2) and estimate central

systolic BP. The brachial BP was measured with an oscillometric manometer

and the radial pulse waveforms were recorded noninvasively using an

applanation tonometer, which consisted of a sensor unit with an array of 40

fine-pitch microtransducer elements and a monitor unit. As one of these 40

sensor elements is automatically selected to obtain the optimal radial arterial

pressure waveform, this method is considered to provide better objectivity.

Signals of the radial arterial pressure wave were low-pass filtered: first at a

cutoff frequency of 105Hz to remove high-frequency noise, and second at

25Hz to extract pressure waveforms. The radial arterial waveform obtained

with this device is reportedly identical to the simultaneously and invasively

measured intra-arterial pulse waveform of the opposite radial artery.18

Inflection points or peaks that corresponded to early and late systolic BP

were obtained by multidimensional derivatives of the original pulse pressure

waveforms. The maximal systolic pressure and diastolic pressure in the radial

artery were calibrated with the brachial systolic BP and diastolic BP,

respectively. The late systolic BP in the radial artery (SBP2) was calculated

by the following equation:

SBP2 ¼ ðP2/PPÞ � ðsystolic BP2diastolic BPÞ þ diastolic BP;

where P2 and PP indicate the height of the late systolic shoulder/peak pressure

and the pulse pressure of the radial arterial pressure contour, respectively.

Central systolic BP was estimated using a regression equation with SBP2 as a

major independent variable.18,22 Subjects who showed arrhythmia during this

procedure were excluded from this study.

Statistics
All analyses were performed using StatView 5.0 (SAS Institute, Cary, NC,

USA). Data in the text and the tables are expressed as mean±s.d. unless

otherwise stated. Differences between two means that had a normal distribu-

tion were compared by unpaired Student’s t-test or analysis of variance

followed by Scheffe’s F-test. A P-value of o0.05 was considered statistically

significant.

RESULTS

The baseline characteristics of study subjects are listed in Table 1.
Although subjects with overt cardiovascular disease were excluded
from this study, the majority of study subjects (n¼ 7570, 70.4%) had
at least one of the following cardiovascular risk factors: hypertension,
diabetes mellitus, dyslipidemia or a smoking habit. Among 3758
subjects with hypertension, 2040 subjects (54.3%) were taking
antihypertensive medication. Similarly, 83.7% and 28.6% of subjects
with diabetes and dyslipidemia, respectively, were taking medications.
Table 2 presents the characteristics of populations A, B and C. BP was
lower in population B than in population A, and lower still in
population C. Similarly, the mean age was lowest in population C
(Table 2).
Brachial BP increased with age in populations A and B (Figure 2

and Table 3). Such an increase was also observed in population C,
although the impact of increasing age on brachial BP was small in
subjects without hypertension, and the BP values were lower in
population C than in population A or B.
The estimated central systolic BP was affected by various factors

according to the univariate analysis (Table 4). Among them, brachial
BP and age correlated closely with central systolic BP. A significant
linear correlation was observed between central systolic BP and age in
this study (Figure 3), although the effect was minimal in subjects
without major cardiovascular risk factors (hypertension, diabetes,
dyslipidemia or smoking; population C; Figure 3c). Central systolic
BP in each decade was greater than the corresponding brachial
systolic BP in subjects aged X30 years in populations A, B and C,

Study population (without overt cardiovascular disease)
(n=10 756)

medication for diabetes,
dyslipidemia, or hypertension

(n=3 408)

no medication for diabetes,
dyslipidemia, or hypertension

(n=7 348)
Population A

Optimal BP
n =1 975

Normal BP
n =697

High normal BP
n =514

Hypertension
n =574

Population C

without diabetes (n=7 223)with diabetes (n=125)

without dyslipidemia (n=4 763)with dyslipidemia (n=2 460)

smoker (n=1 003) non-smoker (n=3 760) Population B

Figure 1 Flowchart describing the methods for selection of subjects

included in populations A–C. BP, blood pressure.
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whereas there was no difference in subjects 20–29 years of age between
central systolic BP and brachial systolic BP (population A, P¼ 0.24;
population B, P¼ 0.22; population C, P¼ 0.97; Tables 3 and 5).
Table 5 lists the mean and 2 s.d. of central systolic BP in each

decade of age in populations A, B and C. Values of central systolic BP
for individuals without major cardiovascular risk factors are listed in
the column marked as ‘population B’ (Table 5), including those with
hypertension determined by brachial BP. However, brachial BP is an
established and independent cardiovascular risk factor, supporting the
concept that individual risk stratification should be made taken into
account both brachial and central BP. Central systolic BP was lowest
in population C comprising subjects in the optimal and normal
brachial BP categories (Table 5).

Table 1 Characteristics of study subjects

Characteristic

Total

(n¼10756)

Female

(n¼4182)

Male

(n¼6574)

Age (years) 55.3±12.5 54.6±12.2 55.7±12.7

Body height (cm) 162.5±8.9 154.8±6.0 167.4±6.7

Body weight (kg) 60.1±11.4 52.4±8.5 64.9±10.4

Waist circumference (cm) 83.3±8.9 81.1±9.0 84.7±8.5

Systolic blood pressure

(mm Hg)

125.2±17.8 120.6±18.6 128.1±16.9

Diastolic blood pressure

(mm Hg)

76.4±11.9 72.8±11.6 78.7±11.4

Heart rate (b.p.m.) 63.9±12.4 64.6±12.7 63.4±12.3

eGFR 78.0±14.8 79.3±15.0 77.1±14.5

Uric acid (mg dl�1) 5.4±1.4 4.4±1.0 6.0±1.3

Fasting plasma glucose

(mg dl�1)

96.0±18.4 92.2±13.8 98.4±20.4

LDL cholesterol (mg dl�1) 118.8±27.5 118.3±27.9 119.1±27.3

HDL cholesterol (mgdl�1) 58.9±13.9 64.0±13.6 55.6±13.0

Triglycerides (mg dl�1) 107.1±72.7 86.7±45.1 120.1±83.2

Smoking (%) 20.9 5.7 30.7

Hypertension (%) 34.9 27.4 39.8

Diabetes mellitus (%) 9.1 5.5 11.4

Dyslipidemia (%) 42.7 37.1 46.3

Abbreviations: eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL,
low-density lipoprotein.
Values are mean±s.d. or percentage.

Table 2 Characteristics of subjects in populations A–C

Characteristic

Population A

(n¼7348)

Population B

(n¼3760)

Population C

(n¼2672)

Age (years) 52.0±12.1 51.9±12.5 49.3±12.0

Body height (cm) 163.1±8.8 161.4±8.7 161.1±8.4

Body weight (kg) 59.7±11.3 56.7±10.3 55.4±9.8

Waist circumference

(cm)

82.2±8.7 80.2±8.3 79.0±7.9

Systolic blood pressure

(mm Hg)

121.6±16.8 119.4±16.6 112.0±10.0

Diastolic blood pressure

(mm Hg)

75.1±11.7 73.5±11.4 68.6±7.9

Heart rate (b.p.m.) 63.6±12.2 63.2±12.2 62.4±12.2

eGFR 79.7±14.0 79.6±14.0 80.3±13.9

Uric acid (mg dl�1) 5.3±1.4 5.0±1.3 4.8±1.3

Fasting plasma glucose

(mg dl�1)

92.8±14.8 90.5±8.4 89.4±8.0

LDL cholesterol

(mg dl�1)

119.3±28.0 107.8±19.0 106.6±19.3

HDL cholesterol

(mg dl�1)

59.4±14.0 63.9±13.6 64.4±13.4

Triglycerides (mg dl�1) 103.5±74.1 74.9±27.2 71.1±26.3

Smoking (%) 24.1 0 0

Hypertension (%) 18.1 15.3 0

Diabetes mellitus (%) 1.7 0 0

Dyslipidemia (%) 34.5 0 0

Abbreviations: eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; Population A, subjects taking no medication for hypertension,
dyslipidemia or diabetes mellitus; Population B, subjects without diabetes, dyslipidemia or
current smoking and not taking antihypertensive medication; Population C, subjects with
optimal or normal BP and no major cardiovascular risk factors.
Values are mean±s.d. or percent.
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Figure 2 Relationship between age and brachial systolic blood pressure

(BP) in (a) population A (n¼7348, r¼0.329, Po0.0001), (b) population

B (n¼3760, r¼0.411, Po0.0001) and (c) population C (n¼2672,

r¼0.286, Po0.0001).
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Central systolic BP was closely correlated with brachial systolic BP
(Figure 4) and, thus, was significantly different among subjects from
different BP categories defined using brachial BP; central systolic BP
was increased across the brachial BP categories in populations A, B
and C (Table 6).

DISCUSSION

Despite the general agreement that central BP bears a closer relation-
ship to cardiovascular target organ damage and cardiovascular events
than brachial BP,7–11 its use in clinical practice has been limited
because of the lack of reliable reference values. As direct measurement
of central BP requires an invasive approach, several techniques for the
noninvasive estimation of central BP have been developed.7–11,14,15,18–22

Central BPs obtained using different devices, although yielding the
same type of information, are not readily comparable between
measurements, and each technique seems to require its own
reference values as diagnostic thresholds. This study provided
important information for considering reference values for central
systolic BP estimated using the Omron device by investigating
characteristics of these measurements in the Japanese general
population. This may be an initial step in establishing central BP as
a clinical tool in the diagnosis and management of hypertension and
for individual risk evaluation.

Although numerous factors affect central BP, this study identified
age and brachial BP as particularly important factors in investigating
the distribution of central systolic BP values based on their
significance of effect in univariate analysis. Presentation of reference
values by age and brachial BP category would be a possible option
for practical use, although not validated. Although the increase in
central systolic BP with age could be largely attributed to the close
relationship between central systolic BP and brachial systolic BP, the
age-dependent increase was somewhat greater for central systolic BP
than for brachial systolic BP. An age-dependent increase in aortic
stiffness would cause premature return of the reflected waves in late
systole, and thus an augmentation of central BP.24,25 This may be one
of the reasons for the greater impact of age on central than on
brachial BP. The age-dependent increase in central systolic BP may
reflect age-dependent increase in the number and/or severity of
cardiovascular risk factors in individuals. Indeed, most tested
cardiovascular risk factors had a positive impact on central systolic
BP. The impact of increasing age on central systolic BP was not
prominent in population C and central systolic BP did not
significantly increase with age in subjects aged X50 years in
this population, further supporting the considerable contribution of
age-dependent increases in brachial systolic BP to those in central
systolic BP.

Table 3 Brachial SBP in each age decade of populations A–C

Population A Population B Population C

Age (years) n SBP (mmHg) n SBP (mmHg) n SBP (mmHg)

All subjects

20–29 144 111.1±13.2 89 110.0±12.5 81 107.5±9.9

30–39 1158 113.9±13.8 633 110.0±12.8 564 107.3±10.1

40–49 1739 117.7±14.8*# 899 114.7±14.2*# 731 109.8±9.5#

50–59 2137 122.9±16.1*#w 1006 120.8±15.4*#w 699 112.9±9.5*#w

60–69 1606 127.1±17.7*#wz 808 126.5±17.0*#wz 449 114.5±9.4*#w

X70 564 131.5±17.9*#wzy 325 131.0±17.3*#wzy 148 116.2±8.7*#wz

Total 7348 121.6±16.8 3760 119.4±16.6 2672 111.2±10.0

Male

20–29 81 117.3±12.6 39 117.4±12.1 32 113.5±8.8

30–39 668 119.5±12.7 238 116.9±12.3 197 113.3±9.2

40–49 1077 121.4±13.9 378 119.4±13.3 279 113.7±8.3

50–59 1206 126.0±15.2*#w 432 125.5±14.6#w 253 116.1±8.3

60–69 966 128.8±17.6*#wz 423 129.5±16.2*#wz 199 116.3±8.9#

X70 391 132.9±17.9*#wzy 209 132.9±17.4*#wz 83 116.2±8.6

Total 4389 125.0±15.9 1719 124.7±15.7 1043 114.9±8.7

Female

20–29 63 103.2±9.3 50 104.1±9.3 49 103.6±8.5

30–39 490 106.3±11.4 395 105.9±11.2 367 104.0±9.1

40–49 662 111.6±14.1*# 521 111.2±13.8# 452 107.4±9.4#

50–59 931 118.8±16.3*#w 574 117.2±15.1*#w 446 111.1±9.7*#w

60–69 640 124.4±17.5*#wz 385 123.1±17.2*#wz 250 113.1±9.6*#w

X70 173 128.3±17.4*#wz 116 127.7±16.4*#wz 65 116.3±8.9*#wz

Total 2959 116.6±16.9 2041 114.9±16.0 1629 108.8±10.1

Abbreviations: Population A, subjects taking no medication for hypertension, dyslipidemia or diabetes mellitus; Population B, subjects without diabetes, dyslipidemia or current smoking and not
taking antihypertensive medication; Population C, subjects with optimal or normal BP and no major cardiovascular risk factors; SBP, systolic blood pressure.
Values are mean±s.d.
Trend across age decades, Po0.0001 (analysis of variance (ANOVA)); *Po0.01 vs. 20–29 years, #Po0.01 vs. 30–39 years, wPo0.01 vs. 40–49 years, wPo0.01 vs. 50–59 years, yPo0.01 vs.
60–69 years (Scheffe’s F-test).
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The study subjects had no overt cardiovascular disease, although
some were under medical treatment for hypertension, diabetes or
dyslipidemia. Antihypertensive drugs differentially affect central BP,7,26

and antidiabetic and antidyslipidemic drugs may alter central BP
through modification of arterial stiffness. Thus, subjects under such
medication were first excluded from the study population
(population A). In the next step of analysis, we investigated the
effects of cardiovascular risk factors on central BP values. As previous
studies demonstrated, central BP is an independent predictor of target
organ damage and cardiovascular events, and a better marker in the
management of hypertension than conventional brachial BP.7–12 Thus,
population B was determined along the concept that central BP, but
not brachial BP, should be used for risk evaluation. Subjects in this
population had neither major cardiovascular risk factors (diabetes,
dyslipidemia, smoking) other than hypertension (defined using
brachial BP) nor antihypertensive medication. However, excluding
subjects with diabetes, dyslipidemia and smoking from population A
did not alter the subsequent value of central systolic BP in each age
decade or brachial BP category (population B). This does not
necessarily indicate that effects of cardiovascular risk factors on
central BP are minimal. Indeed, central systolic BP was higher in
subjects with hypertension, diabetes, dyslipidemia or smoking habit as
compared with those without such cardiovascular risk factors in
population A (data not shown). In this study, some subjects with
diabetes or dyslipidemia, probably those with a moderate to severe
condition, might have been taking relevant medications and, thus,
were already excluded from population A. This may, at least partially,
contribute to the similar central systolic BP values between
populations A and B. Alternatively or additionally, the lack of data
on some other cardiovascular risk factors such as family history may
contribute to the results. Exclusion of overweight subjects (body mass
index 425 kgm�2) or those with metabolic syndrome from
population B did not alter the results (data not shown). Although
central BP may be superior to brachial BP, brachial BP is already
established as an independent and strong predictor of cardiovascular

morbidity and mortality.1–6 Thus, subjects with hypertension based
on brachial BP category should be excluded from populations
used to investigate characteristics of central systolic BP in near-
normal subjects (without major risk factors). In line with this
concept, population C consisted of subjects with optimal and
normal brachial BP and no major cardiovascular risk factors. The
values of central systolic BP in this population were lower than those
in population A or B, and the age-dependent increase in central
systolic BP was smaller in population C than in population A or B.
Thus, a large part of the aging effects on central systolic BP
disappeared after excluding subjects with increased brachial
BP. Although normal values of central BP should be determined on
the basis of the impact of central BP on cardiovascular mortality
and morbidity in longitudinal studies, the distribution of central

Table 4 Relationship between estimated central systolic blood

pressure and other variables by univariate analysis

Variables Standardized coefficient P-value

Age (years) 0.441 o0.0001

Gender (male) 0.115 o0.0001

Body height (cm) �0.101 o0.0001

Body weight (kg) 0.104 o0.0001

Body mass index (kgm�2) 0.218 o0.0001

Waist circumference (cm) 0.253 o0.0001

Systolic blood pressure (mm Hg) 0.948 o0.0001

Diastolic blood pressure (mm Hg) 0.730 o0.0001

Heart rate (b.p.m.) 0.063 o0.0001

Serum creatinine (mg dl�1) 0.061 o0.0001

eGFR (ml min�1 per 1.73 m�2) �0.143 o0.0001

Uric acid (mg dl�1) 0.137 o0.0001

Fasting plasma glucose (mg dl�1) 0.180 o0.0001

LDL cholesterol (mg dl�1) 0.096 o0.0001

HDL cholesterol (mgdl�1) �0.063 o0.0001

Triglycerides (mg dl�1) 0.140 o0.0001

Hemoglobin (g dl�1) 0.104 o0.0001

Abbreviations: eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL,
low-density lipoprotein.
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Figure 3 Relationship between age and central systolic blood pressure (BP)

in (a) population A (n¼7348, r¼0.420, Po0.0001), (b) population B

(n¼3760, r¼0.481, Po0.0001) and (c) population C (n¼2672,

r¼0.420, Po0.0001).
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BP values obtained in population C may provide important
information for discussing the normal value.
Epidemiological and cohort studies have clearly shown that

brachial systolic BP increases with advancing age.1–3 As for brachial

BP, however, classification of BP category is defined regardless of age
in most hypertension guidelines,1–3 resulting in the majority of elderly
population defined as having hypertension. A similar phenomenon is
observed in the relationship between age and central systolic BP.
Although we presented central systolic BP values in each age decade,
this does not necessarily mean that the reference value of central
systolic BP should be established in each age decade. As in the case for
brachial BP, benefits from BP-lowering treatment in various ages and
central systolic BP levels should be taken into consideration for future
determinations of reference or normal values of central systolic BP.
For the moment, in the clinical setting, central systolic BP may be
assessed with age and brachial BP category taken into consideration,
and then individual cardiovascular risk could be stratified by age,
brachial BP and central systolic BP.
In this study, the characteristics of central systolic BP estimated by

the Omron device were studied for the following reasons: (1) several
devices based on different technologies are available for estimating
central BP, and both reference and normal values need to be
individually determined for each device; (2) central BP estimated by
the SphygmoCor device is reported to be a better predictor of
cardiovascular outcome than brachial BP7,9,14,15 and highly correlated
with central BP estimated by the Omron device;19–21 (3) central

Table 5 Distribution of central systolic blood pressure values and late systolic pressure values in the radial artery (SBP2) in each age decade

of populations A–C

Central systolic blood pressure (mmHg, mean±2s.d.) SBP2 (mmHg, mean±2s.d.)

Age (years) Population A Population B Population C Population A Population B Population C

All subjects n¼7348 n¼3760 n¼2672 n¼7348 n¼3760 n¼2672

20–29 109.6±27.0 108.9±25.2 107.5±22.2 96.2±25.4 95.5±23.7 94.2±20.8

30–39 115.9±28.6* 112.7±26.8 109.9±21.6 102.1±26.8* 99.1±25.3 96.4±20.3

40–49 122.8±31.6*# 120.3±30.6*# 115.2±20.8*# 108.6±29.6*# 106.3±28.7*# 101.4±19.6*#

50–59 130.9±34.2*#w 128.9±32.8*#w 120.8±20.9*#w 116.2±32.1*#w 114.3±30.8*#w 106.7±19.7*#w

60–69 135.3±38.0*#wz 134.7±37.4*#ww 122.1±20.9*#w 120.3±35.7*#ww 119.8±35.0*#ww 108.0±19.7*#w

X70 139.5±39.0*#wzy 139.3±38.0*#wwy 123.8±19.1*#w 124.3±36.6*#wwy 124.1±35.7*#wwy 109.5±19.0*#w

Total 127.8±37.3 125.8±37.2 116.9±23.2 113.3±35.0 111.4±35.0 103.1±21.9

Male n¼4389 n¼1719 n¼1043 n¼4389 n¼1719 n¼1043

20–29 112.6±30.4 112.1±28.9 109.6±24.4 99.0±28.6 98.5±27.3 96.1±23.0

30–39 119.1±27.9 115.7±26.4 112.2±21.1 105.1±26.2 101.9±24.9 98.6±19.8

40–49 125.1±31.0*# 122.6±29.7*# 116.4±19.2*# 110.8±29.1*# 108.4±27.9*# 102.6±18.0*#

50–59 133.1±33.2*#w 131.9±32.4*#w 121.8±19.5*#w 118.3±31.2*#w 117.1±30.4*#w 107.6±18.3*#w

60–69 136.3±38.2*#ww 137.0±36.9*#ww 123.0±20.8*#w 121.3±35.9*#ww 121.9±34.7*#ww 108.8±19.6*#w

X70 140.4±39.4*#wwy 140.7±39.1*#ww 122.8±19.0*#w 125.2±37.1*#wwy 125.4±36.8*#ww 108.6±18.0*#w

Total 130.0±36.6 129.4±37.3 118.4±21.9 115.4±34.3 114.9±35.0 104.5±20.6

Female n¼2959 n¼2041 n¼1629 n¼2959 n¼2041 n¼1629

20–29 105.7±19.6 106.4±20.7 106.1±20.4 92.5±18.3 93.2±19.4 92.9±19.1

30–39 111.5±27.1 110.8±26.4 108.7±21.6 98.0±25.4 97.3±24.9 95.3±20.3

40–49 119.2±31.0*# 118.6±30.7*# 114.4±21.6*# 105.2±29.1*# 104.7±28.8*# 100.7±20.4*#

50–59 128.1±34.4*#w 126.6±32.4*#w 120.2±21.6*#w 113.6±32.4*#w 112.2±30.4*#w 106.2±20.3*#w

60–69 133.7±37.6*#ww 132.2±37.1*#ww 121.4±21.0*#w 118.8±35.3*#ww 117.4±34.8*#ww 107.3±19.7*#w

X70 137.3±37.5*#ww 136.9±35.6*#ww 125.2±19.1*#ww 122.2±35.3*#ww 121.8±33.4*#ww 110.8±18.0*#ww

Total 124.6±37.4 122.7±36.0 116.0±23.9 110.3±35.2 108.4±33.8 102.2±22.4

Abbreviations: Population A, subjects taking no medication for hypertension, dyslipidemia or diabetes mellitus; Population B, subjects without diabetes, dyslipidemia or current smoking and not
taking antihypertensive medication; Population C, subjects with optimal or normal blood pressure and no major cardiovascular risk factors; SBP2, blood pressure corresponding to the second
systolic peak of radial pulse waveform.
Values are mean±2 s.d.
Trend across age decades, Po0.0001 (analysis of variance (ANOVA)); *Po0.01 vs. 20–29 years, #Po0.01 vs. 30–39 years, wPo0.01 vs. 40–49 years, wPo0.01 vs. 50–59 years, yPo0.01 vs.
60–69 years (Scheffe’s F-test).

Population A Population B

60 100 140 180 220
60

100

140

180

220

60 100 140 180 220

Brachial systolic BP (mmHg)

C
en

tr
al

 s
ys

to
lic

 B
P

(m
m

H
g

)

Figure 4 Relationship between central and brachial systolic blood pressure

(BP) in population A (left panel; n¼7348, r¼0.940, Po0.0001) and

population B (right panel; n¼3760, r¼0.943, Po0.0001). Lines of

identity (dotted lines) and regression (solid lines) are shown.
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systolic BP estimated by the Omron device is closely and linearly
correlated with simultaneously and invasively measured central aortic
pressure;18,21,22 and (4) differences between invasively measured and
noninvasively estimated central systolic BP are larger using the
SphygmoCor device than using the Omron device.21 As the Omron
device estimates central systolic BP in an automated manner,
estimation of central systolic BP using this device is suitable for the
clinical setting and is used widely spread in Japan, thus requiring
reference values. Moreover, greater interindividual variability in
central systolic BP than in brachial systolic BP throughout brachial
BP categories observed in this study supports the clinical significance
of the establishment of reference values for central BP besides those
for brachial BP.27

The potential limitations of this study include that this was a cross-
sectional study performed in a single institution and, at present,
outcome data are not available. Second, although we provided the
distribution of central BP values in each age decade, how to use these
values in a clinical setting (diagnosis and management of hyperten-
sion) remains to be discussed. Third, central systolic BP was estimated
only once in one subject and, thus, we could not exclude subjects with
poor reproducibility of central systolic BP measurements. These
points should be noted when interpreting the present data.
In conclusion, this study investigated the characteristics of central

systolic BP estimated by the Omron technique and provided the
distribution of these values. The present results contribute to
individual risk stratification and make an important initial step in
the implementation of central BP as a clinical tool in the diagnosis
and management of hypertension.
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