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Age dependency of peripheral and central systolic
blood pressures: cross-sectional and longitudinal
observations in a Chinese population

Yan Li1, Jan A Staessen2,3, Chang-Sheng Sheng1, Qi-Fang Huang1, Michael O’Rourke4 and Ji-Guang Wang1

Few studies have described the age-related changes in both peripheral and central systolic blood pressures (SBPs) in

populations. We addressed this issue in 1066 women and 978 men, all untreated (mean age, 45.1 years; 27.2% hypertensive)

and randomly selected from a Chinese population, of whom 369 and 330 underwent a repeat examination after 3.6 years

(median). In cross-sectional analyses, central SBP increased more with age than peripheral SBP in women below age 50 (1.21

vs. 1.01mm Hg per year; Po0.001) and in men below age 60 (0.73 vs. 0.48mm Hg per year; Po0.001), whereas in older

women (0.64 vs. 0.58mm Hg per year; P¼0.27) and older men (0.45 vs. 0.44mm Hg per year; P¼0.79), the slopes of central

and peripheral SBPs on age were similar. Compared with men, women had steeper (Po0.001) age-related increases in

peripheral and central SBPs. Systolic augmentation pressure increased with age, but this increase was substantially smaller

(Po0.0001) for peripheral than central augmentation (women, 0.086 vs. 0.45mm Hg per year; men, 0.083 vs. 0.39mm Hg

per year). In multivariable-adjusted regression, age contributed X89.7% of the explained variance in peripheral and central

SBPs. In longitudinal analyses, the annual percentage increases from baseline to follow-up in peripheral and central SBP

were similar (PX0.76) in both women (2.14% vs. 2.16 % per year) and men (1.33% vs. 1.34 % per year; P–values for sex

difference p0.044). In conclusion, in younger subjects assessed cross-sectionally, the age-related increase was larger for

central than peripheral SBP, whereas the corresponding cross-sectional estimates in older subjects and the longitudinal

estimates in all subjects showed similar age-related increases in central and peripheral SBP.
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INTRODUCTION

The arterial pressure wave consists of a forward component generated
by the heart and reflected waves returning to the heart from peripheral
sites.1 As the arteries become stiffer with advancing age, the reflected
waves return faster, reach the proximal aorta during systole, and cause
augmentation of late systolic blood pressure (SBP), whereas diastolic
pressure decreases. Arterial stiffening and wave reflections explain why
in young subjects, SBP in the brachial artery is higher than in the
ascending aorta, whereas in older subjects, both values tend to become
similar. Systolic augmentation is now a generally accepted physio-
logical concept. However, the initial evidence supporting the principle
of the age dependency of amplification of the central BP came from
animal experiments2 and invasive studies in selected subjects.2–4

Among the published population studies on the age dependency
of arterial stiffness,5–10 most focused on pulse wave velocity,5–8 the
ratio of pulse pressure in peripheral vs. central arteries,10 or the

augmentation index7,9 in selected healthy subjects7–10 and patients
at increased cardiovascular risk.11

We previously reported age-specific reference values for the periph-
eral and central pulse pressures and augmentation indexes in a healthy
Chinese reference population.9 In the present analyses, we focused on
the changes with age in peripheral and central SBPs, systolic amplifica-
tion and the difference between the augmented and non-augmented
SBP. We assessed these age-related changes cross-sectionally in Chinese,
as well as longitudinally in a subsample. We upfront excluded patients
on antihypertensive drug treatment from analysis.

METHODS

Study population
From 2003 through 2009, we recruited participants from 18 villages in JingNing

County, a rural area approximately 500 km south of Shanghai. The Ethics

Committee of Ruijin Hospital and Shanghai Jiaotong University School of
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Medicine approved the study. We invited all villagers with a minimum age of 12

years to take part. Of 3402 eligible subjects, 2463 (72.4%) gave informed

written consent. We excluded 526 subjects, because their central BP (n¼180) or

covariables required for analysis (n¼134) had not been measured, or because

they were taking antihypertensive drugs (n¼212). Of 2044 subjects analyzed

cross-sectionally, 1224 were re-invited for a repeat examination of their arterial

properties, of whom 736 (60.1%) took part. Of these, we excluded 37, because

they were taking BP lowering drugs at follow-up. Thus, the number of subjects

available for cross-sectional and longitudinal analyses totaled up to 2044 and

699, respectively.

Measurement of peripheral and central BP
To ensure a steady state, measurements of peripheral and central BPs were

obtained at a local examination center after subjects had rested for at least

5min in the supine position. Participants refrained from smoking, heavy

exercise and drinking alcohol or caffeinated beverages for 2 h or longer before

the examination.

Trained observers (n¼3) did the arterial measurements. During an 8-s

period, they recorded the radial arterial waveform at the dominant arm by

applanation tonometry. They used a high-fidelity SPC-301 micromanometer

(Millar Instruments, Inc., Houston, TX, USA) interfaced with a laptop

computer, running the SphygmoCor software version 6.3.1, and from 2007

onwards, version 7.1 (AtCor Medical Pty. Ltd., West Ryde, New South Wales,

Australia). Recordings were discarded when the systolic or diastolic variability

of consecutive waveforms exceeded 5%, or when the amplitude of the pulse

wave signal was below 80mV. The radial pulse wave was calibrated by the

supine brachial BP, which was measured immediately before the tonometric

recordings. From the radial signal, the SphygmoCor software calculates the

aortic pulse wave by means of a validated12,13 generalized transfer function. The

software returns the central SBP and the pressure at the first (P1) and second

(P2) peak or shoulder of the central and radial waveforms. By repeat

examination of 16 subjects at a mean time interval of 1 h, we computed the

coefficient of variation as the ratio of the mean difference between the two

repeat measurements to the s.d. of the within-subject differences multiplied by

100.14 Intra-observer coefficients of variability for central SBP, P1 and P2

were 2.7, 1.1 and 8.9%, respectively.

For the present analysis, peripheral SBP was the average of the three BP

readings obtained at the brachial artery for calibration of the radial pressure

waves, with the subjects in the supine position. Central SBP was the maximum

pressure of the central waveform. We calculated systolic augmentation by

subtracting P1 from SBP. Pressure amplification was defined as peripheral

minus central SBP. The peripheral (radial) and central augmentation indexes

were the ratios of the second to the first peak of the pressure wave expressed in

percent. The peripheral (brachial) BP was measured by means of the validated15

OMRON 705CP oscillometric sphygmomanometer, fitted with a standard cuff

with an inflatable bladder of 22�12 cm (Omron Inc., Kyoto, Japan). Hyperten-

sion was a BP of at least 140mm Hg systolic or 90mm Hg diastolic.

Other measurements
We administered a standardized questionnaire to obtain information on each

subject’s medical history, smoking and drinking habits, and use of medications.

Venous blood was collected after overnight fasting. We measured total serum

cholesterol and blood glucose by automated enzymatic methods. Body mass

index was body weight in kilograms divided by height in meters squared.

Diabetes mellitus was a fasting blood glucose of at least 7.0mmol l�1

(126mgdl�1) or the use of anti-diabetic drugs.

Statistical methods
For database management and statistical analysis, we used SAS software,

version 9.1.3 (SAS Institute, Cary, NC, USA). For comparison of means and

proportions, we applied the large-sample Z-test and the w2-statistic, respec-
tively. For the assessment of the cross-sectional associations between BP and

age, we applied regression analyses. We determined significance of pressure

amplification, systolic augmentation pressure and the longitudinal trends in the

hemodynamic measurements by dividing the group mean differences or

changes in SBP by the s.e. Statistical significance was a P-value of 0.05 or less

on two-sided tests. We searched for variables associated with the peripheral and

central SBPs, using the stepwise linear regression. We set the P-values for

variables to enter and to stay in the regression models at 0.05. We tested the

null hypothesis of no differences between the regression slopes of hemody-

namic measurements on age, using multivariable analysis of variance as

implemented in the MTEST statement of the PROC REG procedure of the

SAS package.16

RESULTS

Characteristics of participants
The 2044 participants included 1066 women (52.2%) and 556
hypertensive patients (29.0%), of whom by design of the analysis,
none was taking antihypertensive drugs. Age ranged from 12–94 years.
Table 1 gives the anthropometric characteristics, risk factors and the
peripheral and central hemodynamic measurements by sex. Of 2044
participants, 614 (30.0%; all men) were current smokers and 907
(44.4%; 240 women and 667 men) reported regular alcohol intake. In
the current smokers, median tobacco use was 20 cigarettes per day
(interquartile range, 15–20). In participants reporting alcohol intake,
median alcohol intake was 14 g per day (interquartile range, 6–21)
among women and 38 g per day (18–69) in men. Among 115
participants who reported having cardiovascular diseases at enroll-
ment, 83 had hypertension, 11 had arrhythmia, 7 had ischemic heart
disease, 4 had cerebral infarction, 3 had rheumatic heart disease and 7
had various other cardiovascular diseases. Peripheral systolic, diastolic
and pulse pressures were significantly higher in men than women
(Pp0.027), but the corresponding central pressures were all similar in
both sexes (PX0.76). The peripheral and central augmentation
indexes were higher in women than men (Pp0.001).
Of 1066 women and 978 men, 369 (34.6%) and 330 (33.7%),

respectively, underwent a repeat examination at a median interval of
3.60 years (5th–95th percentile interval, 3.56–3.96 years). Table 1 also
provides the baseline characteristics of this subsample by sex. The
characteristics of the subsample were similar to those of the whole
study group.

Associations of peripheral and central SBP with age
In cross-sectional analyses of 1066 women and 978 men, the periph-
eral and central SBPs increased with age (P for trendo0.0001;. Figure 1,
panels a and b). Regression analysis showed that the cross-sectionally
assessed age-related increase in SBP was larger (Po0.001) at central than
peripheral arteries, both in women (1.07 vs. 0.95mm Hg per year) and
in men (0.76 vs. 0.59mm Hg per year; Table 2). SBP increased more
with age at central than peripheral arteries in women below age 50
(1.21 vs. 1.01mm Hg per year; Po0.001) and in men below age 60
(0.73 vs. 0.48mm Hg per year; Po0.001), whereas in older women
(0.64 vs. 0.58mmHg per year; P¼0.27) and older men (0.45 vs. 0.44mm
Hg per year; P¼0.79), the slopes of central and peripheral SBPs on
age were similar. Compared with men, women had steeper (Po0.001)
age-related increases in peripheral and central SBPs (Table 2).
The amplification pressure, the difference of peripheral minus

central SBP, decreased with age at a rate of �0.13mm Hg per year
in women and �0.17mm Hg per year in men (Figure 1, panels c
and d and Table 2). The systolic augmentation pressure, the difference
between the maximal and non-augmented systolic pressure, increased
linearly with age, but the slope was smaller (Po0.001) for the periph-
eral than for the central augmentation pressure: 0.086 vs. 0.45mm Hg
per year in women and 0.083 vs. 0.39mm Hg per year in men. In both
women (12–29 vs. 30–39 years) and men (12–29 vs. 40–49 years),
central systolic augmentation occurred at a younger age than peripheral
systolic augmentation (30–39 vs. 60–69 years; Figure 1, panels e and f).
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A subsample of 369 women and 330 men underwent a repeat
assessment of peripheral and central SBP (Figure 2 and Table 2). The
slopes on age of the peripheral and central SBPs, amplification
pressure, and peripheral and central systolic augmentation pressures
were similar at baseline and follow-up (PX0.09). In the longitudinal
analyses, all changes in SBP from baseline to follow-up were significant
(Po0.001). Considering the whole study population, the annual
increases in the peripheral and central SBPs were larger in women
than men (Po0.001, Table 3). However, compared with peripheral
SBP, central SBP increased less both in women (2.12 vs. 2.35mm Hg,
P¼0.003) and in men (1.16 vs. 1.37mm Hg, P¼0.025). On a relative
scale, the percentage increases in peripheral and central SBPs from
baseline to follow-up were similar in women (2.14 vs. 2.16 % per year;
P¼0.76), as well as in men (1.33 vs. 1.34 % per year; P¼0.96; Table 3).
In sensitivity analyses stratified by quartiles of the age distribution
(Table 3), the increase in peripheral SBP was larger than that in central
SBP (Pp0.02) above median age in women and above the 75th
percentile of age in men, whereas in all other sex–age subgroups, the
increases of peripheral and central SBPs were similar (PX0.08).

Multivariable analyses
Table 4 is based on the cross-sectional analysis of the whole study
sample at baseline and summarizes the results of stepwise regression

analysis with peripheral and central SBPs as the dependent variables.
Age contributed most of the explained variance. Adding a quadratic to
the linear term of age (Table 4) did not significantly improve the
explained variance, except for central SBP in women (partial r2¼0.003;
P¼0.02). The multivariable-adjusted slopes of BP on age were almost
similar to those in single regression analysis (Table 2). The slope of
SBP on age was significantly steeper (Po0.001) for central than
peripheral SBP, and in women compared with men.
In both women and men, the peripheral and central SBPs increased

with body mass index and central SBP was inversely associated with
heart rate. In men, peripheral SBP was on average 2.8mm Hg lower in
smokers than non-smokers, whereas drinking alcohol was associated
with increases in central and peripheral SBPs by approximately
5mm Hg.

DISCUSSION

The present report focused on the impact of age on central and
peripheral SBP and systolic augmentation in randomly recruited
Chinese. The main finding in the cross-sectional analysis was that in
the young and middle-aged subjects, central SBP increased more with
age than peripheral SBP, so that the amplification of systolic pressure
from the central to the peripheral arteries substantially decreased with
advancing age. However, in older subjects, peripheral and central SBP

Table 1 Baseline characteristics of participants by study phase and sex

All participants Participants with follow-up

Characteristic Women Men Women Men

Number 1066 978 369 330

Anthropometrics

Age years 43.1±13.9 47.1±15.4*** 42.6±13.1 45.4±14.0**

Height cm 152.9±6.2 162.5±7.1*** 152.5±5.9 161.6±6.7***

Weight kg 52.3±8.3 58.3±9.4*** 52.3±8.3 58.1±9.0***

Body mass index kgm�2 22.3±2.9 22.0±2.8 22.4±3.0 22.2±2.8

Risk factors

Current smoking, n (%) 0 614 (62.8)*** 0 213 (64.6)***

Alcohol intake, n (%) 240 (22.5) 667 (68.2)*** 118 (32.0) 251 (76.1)

Total cholesterol, mmol l�1 4.68±0.94 4.79±1.00** 4.77±0.98 4.89±1.01

Blood glucose, mmol l�1 4.50±0.74 4.50±1.50 4.49±0.77 4.47±1.79

Hypertension, n (%) 282 (26.5) 274 (28.0) 77 (20.9) 85 (25.8%)

Diabetes, n (%) 12 (1.13) 16 (1.64) 4 (1.08) 2 (0.61)

Previous CVD, n (%) 70 (6.57) 45 (4.60) 26 (7.05) 22 (6.67)

Peripheral hemodynamics

Systolic pressure, mm Hg 127.3±23.2 130.8±21.5** 122.4±20.5 128.0±20.7***

Diastolic pressure, mm Hg 77.2±11.0 78.2±11.2* 76.9±10.5 78.0±11.0

Pulse pressure, mm Hg 50.1±15.7 52.6±14.4** 45.5±13.8 50.0±14.0***

Augmentation index, % 80.8±20.9 74.6±23.4*** 80.5±20.3 71.9±22.6***

Heart rate, bpm 70.3±10.5 64.9±11.5*** 70.1±10.6 64.8±11.9***

Central hemodynamics

Systolic pressure, mm Hg 117.0±24.1 117.8±22.7 113.0±21.6 114.9±21.7

Diastolic pressure, mm Hg 78.4±11.3 79.3±11.4 78.0±10.7 78.9±11.2

Pulse pressure, mm Hg 38.6±16.0 38.5±14.9 35.0±14.1 36.0±14.1

Augmentation index, % 138.7±26.3 130.6±28.3*** 138.2±24.8 128.0±26.6***

Abbreviation: CVD, cardiovascular disease
Values are mean±s.d. or numbers of subjects (%). Hypertension was a blood pressure of at least 140mm Hg systolic or 90mm Hg diastolic.
Significance of the sex difference *Po0.05, **Po0.01 and ***Po0.001.
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increased in parallel with age with no further reduction of the pressure
amplification. The gradient in SBP between the central and peripheral
arteries narrowed with advancing age, because systolic augmentation
appeared earlier and at a much faster rate in the central than in the
peripheral arterial system.
Stiffening of the large arteries underlies the age-related increase in

BP.17 The loss of arterial elasticity over a person’s life time is partly due
to cyclic stress on the arterial wall with each heart beat.18 Over time,
this causes fracture of elastin fibers, so that stress is transferred to the
more rigid collagenous components of the arterial wall. At a young
age, the aorta and proximal arteries dilate by approximately 10% with
each heart beat, whereas the more distal muscular arteries dilate by
only 2–3% with each heart beat.19 Atherosclerosis and inflammation
thicken the arterial wall and contribute to arterial stiffening over and

beyond the mechanical stress. To differentiate natural degeneration of
the arterial wall from aging from disease, Avolio et al.6 highlighted the
interest of studies of arterial properties in population studies with low
cholesterol and low prevalence of atherosclerosis, such as Chinese.
In 1985, Avolio et al.5 contrasted the Chinese living in areas with

low and high prevalence of hypertension, Guangzhou (4.9%) and
Beijing (15.6%), respectively. In Guangzhou subjects, pulse wave
velocity was consistently lower in the aorta, arm and leg, and increased
to a lesser degree with age, compared with Beijing subjects.5 The
contemporary cholesterol levels were 4.34mmol l�1 in Guangzhou
subjects and 4.49mmol l�1 in Beijing subjects.5 In our Chinese
population, cholesterol levels were of similar magnitude
(4.73mmol l�1), but the prevalence of hypertension was much higher
(27.2%). Our current observations strengthen Avolio’s hypothesis5,6
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that slowly progressing degeneration of the arterial wall through cyclic
stress is the main cause of the age-related increase in SBP. Indeed, in
the young and middle-aged subjects, when atherosclerosis is rare
among rural Chinese, central SBP increased more than peripheral
SBP, whereas in older subjects, central and peripheral SBP increased in
parallel with advancing age. From the literature and our observations,
it is becoming clear that aging differentially affects the arterial system
across the age range and the various sections of the arterial tree.
Fatigue of elastin fibers in the proximal elastic arteries has already
started in the young and middle-aged subjects, in particular, in the
presence of a high SBP. Breakdown of the elastic lamellae in elastic
arteries explains why in the young and middle-aged subjects central
SBP increases at a faster rate than peripheral SBP. At older age, when
more of the SBP load is less dampened at elastic arteries and is

transmitted into the more distal muscular arteries, central and
peripheral SBP continue to rise, but in a parallel fashion.
In the young and middle-aged subjects, the age-related increase in

SBP ran a steeper course in women than men. At all ages, women have
a higher heart rate than men.20 The smaller height of women may be a
cardiovascular risk factor, because of the early return of reflected waves
to the central aorta in systole rather than diastole. The shorter stature
of women also implies reduced length of the arterial tree, a factor
believed to be responsible for the faster heart rate, a shorter diastolic
period, a shorter diastolic time constant, and at the same peripheral
resistance, lower arterial compliance.20 In older women, menopause
might contribute to the continuing rise in SBP, although it is
difficult to differentiate the effects of aging from those of estrogen
deprivation.21,22

Table 2 Cross-sectional association of blood pressure with age in women and men

Variables by sex Cross-sectional associations with age (mm Hg per year)

Timing Baseline Baseline Follow-up

Women All Subgroup Subgroup

Number 1066 369 369

Peripheral systolic pressure 0.95±0.042 0.86±0.068 0.75±0.076

Central systolic pressure 1.07±0.042 0.99±0.069 0.86±0.077

Pressure amplification �0.13±0.0092 �0.13±0.016 �0.11±0.016

Peripheral systolic augmentation 0.086±0.0074 0.078±0.011 0.061±0.011

Central systolic augmentation 0.45±0.015 0.43±0.024 0.41±0.027

Men All Subgroup Subgroup

Number 978 330 330

Peripheral systolic pressure 0.59±0.040*** 0.52±0.077*** 0.61±0.075

Central systolic pressure 0.76±0.041*** 0.73±0.076* 0.80±0.077

Pressure amplification �0.17±0.011** �0.21±0.021** �0.19±0.021**

Peripheral systolic augmentation 0.083±0.0077 0.076±0.011 0.079±0.011

Central systolic augmentation 0.39±0.016** 0.41±0.027 0.44±0.030

Single regression co-efficients (b±s.e.) describe the cross-sectional associations of blood pressure with age. Subgroup refers to the subjects with repeat hemodynamic measurements at a median
interval of 3.6 years. Peripheral systolic blood pressure was the average of three blood pressure readings at the brachial artery. Central systolic blood pressure was the maximal pressure of the
central waveform. Systolic augmentation was obtained by subtracting the first systolic peak from systolic blood pressure. Pressure amplification is peripheral minus central systolic blood pressure.
All slopes on age were statistically significant (Po0.001). In subjects with repeat examinations, slopes on age did not differ between baseline and follow-up (PX0.09).
Significance of the sex difference: *Po0.05, **Po0.01 and ***Po0.001.

Women (n=369) Men (n=330)

Peripheral at baseline
150

140

130

120

110

100

90

S
ys

to
lic

 B
lo

od
 P

re
ss

ur
e 

(m
m

 H
g)

150

140

130

120

110

100

90

20 30 40 50

Age (years)

60 70 20 30 40 50

Age (years)

60 70

Central at follow-up

Peripheral at follow-up
Central at baseline

Peripheral at baseline

Central at follow-up

Peripheral at follow-up
Central at baseline

†

†

*

*

*

*

*

‡

‡

‡

‡

‡

‡

Figure 2 Peripheral and central SBPs at baseline and follow-up by quartiles of the age distribution in 369 women (a) and 330 men (b). All P-values for

trend with age were statistically significant (Po0.0001). Significance of the difference between baseline and follow-up: *Po0.05, wPo0.01 and
zPo0.001.

Peripheral and central systolic pressure and aging
Y Li et al

119

Hypertension Research



Table 3 Longitudinal change in blood pressure with aging in women and men

Age quartile

Variables by sex Q1 Q2 Q3 Q4 All

Women

Baseline age range, years p33.1 33.2–40.1 40.2–50.1 50.2–80.0 12.0–80.0

Number 93 92 92 92 369

Peripheral systolic pressure

Change, mm Hg per year 2.47±3.38 2.55±3.88 3.17±4.42 1.18±5.67 2.35±4.46

Relative change, % per year 2.36±3.02 2.26±3.25 2.69±3.60 1.26±4.10 2.14±3.54

Central systolic pressure

Change, mm Hg per year 2.23±3.46 2.52±4.10 2.91±4.44* 0.81±5.84** 2.12±4.59**

Relative change, % per year 2.42±3.45 2.47±3.76 2.66±3.87 1.09±4.46 2.16±3.93

Men

Baseline age range, years p34.6 34.7–41.8 41.9–53.5 53.6–82.5 14.2–82.5

Number 83 82 83 82 330

Peripheral systolic pressure

Change, mm Hg per year 1.07±3.56 1.00±3.76 1.56±4.65 1.84±6.68 1.37±4.81

Relative change, % per year 1.10±3.07 0.96±3.04 1.47±3.68 1.80±5.14 1.33±3.82

Central systolic pressure

Change, mm Hg per year 0.99±3.83 0.88±4.16 1.38±5.06 1.38±7.00* 1.16±5.14*

Relative change, % per year 1.21±3.67 1.01±3.67 1.49±4.43 1.63±5.81 1.34±4.46

All changes from baseline to follow-up were significant (Po0.05). Change was the average blood pressure change per year (follow-up minus baseline). Relative change was the percentage change
per year relative to the corresponding level at baseline.
Significance of the difference between central and peripheral pressure changes: *Po0.05; **Po0.01.

Table 4 Correlates of peripheral and central SBPs in women and men

Women (n¼1066) Men (n¼978)

Peripheral Central P-values Peripheral Central P-values

r2 0.34 0.40 0.20 0.29

Intercept 65.6 62.7 84.5 78.9

Age, years

b±s.e. 0.94±0.042*** 1.04±0.043*** o0.001 0.61±0.040*** 0.75±0.040*** o0.001

Partial r2 0.32 0.38 0.18 0.26

Body mass index, kgm�2

b±s.e. 0.94±0.20*** 0.88±0.20*** 0.10 0.72±0.23** 0.51±0.23* 0.0056

Partial r2 0.014 0.011 0.010 0.0056

Heart rate, bpm

b±s.e. NS �0.15±0.056w — NS �0.21±0.054*** —

Partial r2 0.0044 NS 0.011

Smoking (0,1)

b±s.e. — — — �2.80±1.31* NS —

Partial r2 0.0037 NS

Drinking alcohol (0,1)

b±s.e. NS NS — 4.94±1.34*** 5.03±1.32*** 0.13

Partial r2 0.0002 0.012

Abbreviation: NS, not significant
Values are partial regression coefficients (b±s.e.) or partial coefficients of determination (r2). Significance of the partial regression coefficient: NS PX0.05; *Po0.05; **Po0.01 and ***Po0.001.
The covariables considered in the stepwise regression procedure were: age, body mass index, current smoking and drinking, and heart rate. P-values are for the comparison of the partial regression
coefficients describing the associations with peripheral vs. central blood pressure. An ellipsis indicates not applicable.
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Our cross-sectional observations are in line with previously pub-
lished population studies in Caucasians.7,11 McEniery et al.7 measured
the peripheral and central SBP and augmentation pressure in 4001
healthy, normotensive individuals, aged 18–90 years. As we did,
McEniery’s team also used the SphygmoCor device. Subjects
with hypertension (BP X140/90mm Hg), diabetes mellitus, serum
cholesterol X6.5mmol l�1, renal disease (defined as a clinical history,
creatinine X150mmol l�1 or active urinary sediment), or cardiovas-
cular disease (defined as a clinical history or evidence on examination)
were excluded from the analysis, as were subjects receiving any
medication. In both women and men, central systolic pressure
increased more with age than did peripheral SBP (Po0.001), and,
as in our study, this trend was evident in young and middle-aged
subjects, and the increase in central systolic pressure was more
prominent in women than in men (P¼0.01).7 In the Framingham
Third Generation and Offspring study,23 peripheral and central SBP
increased little from below 30 up to 50 years of age, and thereafter, ran
a similar course, both on average increasing from 120mm Hg to
approximately 150mm Hg.
In our study, the longitudinal estimates of the age-related increases

in peripheral and central SBP were consistently higher than on cross-
sectional assessment. In an early Framingham report,24 Kannel and
Gordon24 also noticed that the age-related increase in SBP was steeper
on cross-sectional than longitudinal assessment in women, whereas
the opposite was the case in men. The reasons for the difference in BP
trends obtained cross-sectionally and longitudinally in the same
Framingham cohort were not clear.
Our study should be interpreted keeping in mind some potential

limitations. First, the sample size in our longitudinal study was small
and the longitudinal estimates of SBP were based on no more than
two measurements at a median interval of 3.6 years. In the aforemen-
tioned Framingham report,24 the longitudinal data were based on
eight biennial examinations. Second, in our longitudinal analysis, at
variance with the cross-sectional analysis, the increase in central SBP
was not larger than the increase in peripheral SBP. When central BP
waveforms are calibrated by brachial cuff pressures, the SphygmoCor
approach might underestimate central SBP, in particular, at high levels
of SBP.25–26 However, pressure amplification, when expressed as the
ratio of peripheral divided by central pulse pressure, should be
independent of possible calibration errors.27 As shown in the Supple-
mentary Table available online, pressure amplification ratio (periph-
eral/central pulse pressure) consistently decreased with age in both
cross-sectional and longitudinal analyses.
The effects of aging on arterial function have often been under-

estimated, because of the sole reliance on the brachial cuff systolic
pressure. In our current study, we measured both peripheral and
central SBP. In the young and middle–aged subjects, central SBP
increased more with age than peripheral SBP. Our current findings
support the viewpoint that early in life, the cyclic systolic load on the
arteries has already caused degenerative changes in the arterial wall
and, as the years go by, causes arterial stiffening. This process
represents a vicious circle, in which increasing SBP is, at the same
time, the cause and the consequence of a self-sustaining process that
leads to major cardiovascular complications. Breaking the vicious
circle is the key to slowing the age-related rise in SBP and preventing
the associated cardiovascular complications. Thus, our present find-
ings highlight the clinical importance of timely diagnosis and treat-
ment for hypertension, in particular systolic hypertension. From the
research point of view, our longitudinal observations need to be
replicated in studies with multiple re-assessment of arterial properties
over time.
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