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Abstract: Blood pressure (BP) changes with age. We conducted a

cross-sectional study in rural Chinese adults to investigate: (1) what is

the relationship between age, arterial stiffness, and BP in Chinese men

and women; and (2) to what degree can the age–BP relationship be

explained by arterial stiffness, controlling for other covariables.

These analyses included a total of 1688 subjects (males/females:

623/1065), aged 40 to 88 years. Among them, 353 (20.9%) had

hypertension (defined as systolic blood pressure (SBP) �140 mm

Hg or diastolic blood pressure (DBP) �90 mm Hg). Arterial stiff-

ness was measured by brachial–ankle pulse wave velocity

(baPWV).

baPWV appeared to be more strongly correlated with BP (includ-

ing SBP, DBP, mean arterial pressure [MAP], pulse pressure [PP])

than age (P< 0.001 for comparisons between Spearman correlation

coefficients). Furthermore, baPWV was associated with BP (includ-

ing SBP, DBP, MAP, and PP) and risk of hypertension in a dose–

response fashion, independent of age; in contrast, the age–BP

associations were either attenuated or became negative after adjust-

ing for baPWV.

Arterial stiffness appears to be an independent contributor to

hypertension, even after adjusting for age and other covariables. In

contrast, age–BP associations became attenuated or negative after

adjusting for baPWV. The utility of baPWV as a diagnostic, prog-

nostic, and therapeutic indicator for hypertension warrants further

investigation.

(Medicine 93(29):e262)

Abbreviations: BaPWV = brachial–ankle pulse wave velocity,

BMI = body mass index, DBP = diastolic blood pressure, HDL-C =
u Tang, MD, PhD, , MD, PhD,
D, and Xinchun Yang, MD, PhD

INTRODUCTION

E ssential hypertension is the most common chronic disease in
the Chinese population, affecting 260 million people in

China. Hypertension can lead to stroke, coronary heart disease,
and other vascular complications, which are the leading causes
of morbidity and mortality in China.1

A number of studies2–4 have shown an increase in the
prevalence of hypertension with advancing age and the predo-
minance of systolic hypertension in the elderly5,6 (a greater
increase in systolic blood pressure (SBP) than diastolic blood
pressure (DBP) during the middleadultyears, whereaswhileSBP
continues to rise until the eighth or ninth decade, DBP tends to
remain constant or decline after the fifth or sixth decade7). One
likely explanation for the differential pattern of SBP versus DBP
with aging is a progressive ‘‘stiffening’’ of the arteries. Indeed,
recent studies have demonstrated that arterial stiffness precedes
hypertension and promotes a progressive increase in SBP.8–12

One study13 suggested (in 2 figures) that SBP actually decreased
with age at the same arterial stiffness level (measured by bra-
chial–ankle pulse wave velocity [baPWV]) after age 40 years.

Our study is the first to unravel the inter-relationships
between age, arterial stiffness and components of BP in a
Chinese population. In this study, arterial stiffness was assessed
by baPWV,11,12 which correlated well with carotid–femoral
pulse wave velocity (cfPWV)8,10 and other indexes.14 We
aimed to investigate: (1) what is the relationship between
age and blood pressure (BP) and between arterial stiffness
and BP in rural Chinese men and women; and (2) to what
degree can the age–BP relationship be explained by arterial
stiffness, controlling for other covariables.

METHODS

Study Population
In the present study, we included rural subjects from

Lianyungang of Jiangsu province and Anqing of Anhui pro-
vince. Exclusion criteria included a reported history of myo-
cardial infarction, stroke, heart failure, cancer, and/or serious
mental disorder; and an unwillingness to participate or a
difficulty completing the survey. All patients gave written
informed consent. Study complied with the Helsinki Declara-
tion and was approved by the Ethics Committee of the Institute
of Biomedicine, Anhui Medical University, Hefei, China.

A total of 2646 subjects were screened in this study.
Among them, 2075 participants completed BP measurement
and were without anti-hypertensive treatment. Of those, 1720
subjects underwent baPWV measurement and 21 individuals
stolic BP indexes <0.90 as well as 11
issing were excluded (the flowchart is
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Participats screened (n=2646)

Blood pressure measurement

Yes (n=2594)

Yes (n=419) No (n=2075)

No (n=332)Yes (n=1720)

No (n=52)

Under medical treatment for hypertension

BaPWW measurement

21 participants excluded due to ABI<0.90

11 participants excluded due to sex missing

Participants analyzed (n=1688)

Zheng et al
Blood Pressure Measurements
Participants were placed in the sitting position with their

right arms supported at the level of the heart. Automatic digital
sphygmomanometers (Omron HEM 705IT device; Omron
Health Care) were used to measure the BP of the participants
by trained volunteers recruited from local medical colleges.
Three minutes of rest was given to the participant in between 3
successive BP readings. We used the average of the 3 readings
as the final BP value. Hypertension was defined as a BP of
140 mm Hg systolic or 90 mm Hg diastolic or higher.

Brachial–Ankle Pulse Wave Velocity
Measurements

Brachial–ankle pulse wave velocity (baPWV) was auto-
matically measured with form PWV/ABI instruments (form
PWV/ABI, BP-203RPE; Omron-Colin, Japan) by trained
volunteers recruited from local medical colleges. Occlusion
and monitoring cuffs matched with oscillometric sensors were
wrapped around subjects’ upper arms and ankles, and pulse
volume waveforms of the bilateral brachial and tibial arteries
were recorded simultaneously to determine the time interval
between the initial increase in brachial and tibial waveforms
(transit time, DTba). The transmission distance from the bra-
chium to the ankle was calculated according to body height.
The path length from the suprasternal notch to the brachium
(Lb) was obtained using the following equation:
Lb¼ 0.2195� height of the patient (in cm) �2.0734. The path
length from the suprasternal notch to the ankle (La) was
obtained using the following equation: La¼ (0.8129� height
of the patient [in cm]þ 12.328). The baPWV value was calcu-

FIGURE 1. Flow diagram of screening and enrollment of partici-
pants. BaPWV¼brachial–ankle pulse wave velocity, ABI¼ ankle/
brachial systolic blood pressure index.
lated as the ratio of transmission distance from the brachium to
the ankle divided by the transit time: baPWV¼ (La�Lb)/
DTba. After obtaining bilateral baPWV, the higher one was
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used for analysis. Ankle brachial index (ABI), which is the ratio
of SBP in the ankle to that in the brachial artery, was
evaluated simultaneously.

Questionnaire
All participants were administered a standardized ques-

tionnaire that provided information related to occupation,
medical history, past and current medications, and personal
habits such as cigarette and alcohol consumption.

Laboratory Tests
After 12 to 15 hours of fasting, a venous blood sample was

obtained from each subject. Serum or plasma samples were
separated within 30 minutes of collection and were stored at
�70 8C. All collected blood samples were used to measure
glucose, homocysteine, creatinine, and lipids (including total
cholesterol [TC], high-density lipoprotein cholesterol, and tri-
glycerides).

Statistical Analysis
Data are expressed as percentages or mean�SD. The

differences between groups were checked by x2 test for categ-
orical variables or by independent t-test for continuous vari-
ables. Since the baPWV was non-normally distributed, we re-set
all the values >2500 cm/second (n¼ 33) to 2500 cm/second to
minimize the undue influence of extremely high values for
baPWV. Spearman correlation was used to assess univariate
associations. After grouping subjects into age categories (C1,
<60 years; C2, 60–69 years; C3, �70 years) or baPWV
quartiles (Q1, <1302 cm/s; Q2, 1302–1458 cm/s; Q3, 1459–
1681 cm/s; Q3, �1682 cm/s), we used linear and logistic
regression to investigate the associations between age or
baPWV with BP (including SBP, DBP, MAP, and PP) and risk
of hypertension. Trend tests were computed by modeling the
baPWV quartiles or age category medians as continuous vari-
ables. All analyses were performed using EmpowerStats (http://
www.empowerstats.com) and the statistical package R.

RESULTS

Subject Characteristics
The present study included 1688 subjects (age: 62.2� 7.3

years, range 40–88 years, male/female 623/1065). Character-
istics of the study population are listed in Table 1. A total of 353
(20.9%) subjects had hypertension, and, compared with normo-
tensives, hypertensives had higher SBP, DBP, mean arterial
pressure (MAP), pulse pressure (PP), baPWV, heart rate (HR),
body mass index (BMI), TC, triglycerides, and homocysteine.
There were no significant differences in gender distribution,
glucose, high-density lipoprotein cholesterol (HDL-C), creati-
nine, or smoking and alcohol consumption.

Univariate Correlations Between Blood Pressure,
Age, and BaPWV

Both age and baPWV were significantly correlated with
SBP and DBP; correlation coefficients were 0.54 for baPWV
and SBP, 0.28 for baPWV and DBP, 0.18 for age and SBP, and
�0.08 for age and DBP (P all <0.001 for Spearman correlation
coefficients) (see Table, Supplemental Digital Content 1 http://

Medicine � Volume 93, Number 29, December 2014
links.lww.com/MD/A100, which shows Spearman correlations
between BP, age, and baPWV). BaPWV was more strongly
correlated with SBP and DBP than age (P all <0.001), which is
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TABLE 1. Characteristics of the Study Participants

Normotensive
�

(n¼ 1335) Hypertensivey (n¼ 353) P-Value

Male, n (%) 495 (37.1%) 128 (36.3%) 0.777
Age (years) 61.9� 7.2 63.5� 7.5 <0.001
BaPWV (cm/s) 1462.2� 264.3 1771.6� 354.5 <0.001
SBP (mm Hg) 116.3� 11.7 146.4� 14.0 <0.001
DBP (mm Hg) 75.4� 7.5 88.4� 9.7 <0.001
MAP (mm Hg) 89.0� 7.8 107.7� 8.2 <0.001
PP (mm Hg) 40.9� 10.2 58.1� 16.6 <0.001
HR (beats/min) 76.9� 10.4 78.7� 11.5 0.005
BMI (kg/m2) 22.3� 3.2 23.5� 3.7 <0.001
Glucose (mmol/L) 6.0� 2.0 6.2� 1.7 0.278
TC (mmol/L) 5.1� 1.0 5.3� 1.0 <0.001
Triglycerides (mmol/L) 1.5� 1.0 1.8� 1.4 <0.001
HDL-C (mmol/L) 1.5� 0.4 1.5� 0.4 0.403
Creatinine (mmol/L) 76.4� 15.1 77.9� 15.6 0.083
Homocysteine (mmol/L) 13.5� 3.9 14.9� 6.1 <0.001
Smoking (ever), n (%) 393 (29.5%) 96 (27.2%) 0.395
Alcohol consumption (ever), n (%) 387 (29.0%) 120 (34.9%) 0.069

BaPWV¼ brachial–ankle pulse wave velocity, BMI¼ body mass index, DBP¼ diastolic blood pressure, HDL-C¼ high-density lipoprotein
cholesterol, HR¼ heart rate, MAP¼mean arterial pressure, PP¼ pulse pressure, SBP¼ systolic blood pressure, TC¼ total cholesterol.
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consistent with a previous study15; correlation coefficients were
0.65 for baPWV and SBP, 0.66 for baPWV and DBP, 0.27 for
age and SBP, and 0.26 for age and DBP (P all<0.001). BaPWV
appeared to be a better predictor of SBP and DBP than age.
BaPWV also had a stronger correlation with SBP than DBP in
the present study (P< 0.001). The correlation coefficient for
age and baPWV was around 0.50 in ours as well as in previous
studies.15,16 The univariate correlations separately performed in
normotensive and hypertensive patients were shown in Supple-
mental Digital Content 2 (http://links.lww.com/MD/A100).

Dose-Dependent Increase of Blood Pressure
With BaPWV

In univariate models, we observed a significant and pro-
gressive increase in BP (including SBP, DBP, MAP, and PP)
with baPWV quartiles (P for trend all <0.001), suggesting a
dose-dependent increase of BP with baPWV. Furthermore, the
effect of baPWV on SBP was much stronger than that on DBP.
These associations remained unchanged after further adjust-
ment for age, HR, BMI, glucose, TC, triglycerides, high-density
lipoprotein cholesterol, homocysteine, creatinine, and smoking
and alcohol consumption (Table 2).

Different Effects of Age on Components of Blood
Pressure

SBP increased with age in univariate analysis whereas
baPWV-adjusted estimated regression coefficients for SBP
across age categories turned out to be negative in both genders,
and further adjustments for other covariables (including HR,
BMI, glucose, TC, triglycerides, high-density lipoprotein cho-
lesterol, homocysteine, creatinine, smoking, and alcohol con-
sumption) attenuated but did not reverse the negative effects.

�
Normotensive is defined as systolic blood pressure <140 mm Hg a
yHypertensive is defined as systolic blood pressure �140 mm Hg or
DBP decreased with age consistently before and after adjust-
ments; however, further adjustments for baPWV and other
covariables enhanced the negative effects, which appear to

Copyright # 2014 Wolters Kluwer Health, Inc. All rights reserved.
be much stronger than the effect on SBP. In multivariate
models, MAP significantly and progressively decreased with
age after adjustment for baPWV in both genders (P for trend
<0.001), and further adjustments for other covariables only
mildly attenuated the negative effects. The increase in PP with
advancing age was clearly attenuated after adjustment for
baPWV, and was barely unchanged after further adjustment
for other covariables (Table 3). Additionally, the P values for
trend for SBP (in male) and PP (in female) lose statistical
significance after adjustment for BaPWVþ other covariables
but not after adjustment for BaPWV alone.

BaPWV is a Stronger Contributor to
Hypertension Than Age

In multivariate models including age, baPWV, HR, BMI,
glucose, TC, triglycerides, high-density lipoprotein cholesterol,
homocysteine, creatinine, and smoking and alcohol consump-
tion, the odds ratios for hypertension increased across baPWV
quartiles, reaching 44.8 (95% confidence interval [CI], 14.1–
142.0) in males and 21.7 (95% CI, 11.0–43.0) in females for the
top quartiles as compared to the bottom quartiles (P for trend all
<0.001) (Table 4). Whereas the odds ratios for hypertension
tended to decrease across age categories, reaching 0.42 (95%
CI, 0.19–0.92) in males for the top quartiles as compared with
the bottom quartiles (P for trend¼ 0.033); and 0.56 (95% CI,
0.29–1.05) in females (P for trend¼ 0.117). As such, baPWV
appears to be a stronger predictor for hypertension than age.

DISCUSSION
In this cross-sectional study of 1688 relatively healthy

subjects, we found baPWV to be positively associated with BP
(including SBP, DBP, MAP, and PP) and risk of hypertension in

diastolic blood pressure <90 mm Hg.
stolic blood pressure �90 mm Hg.
a dose–response fashion, independent of age. In contrast, age
tended to be negatively associated with BP (including SBP,
DBP, and MAP) and risk of hypertension after adjusting for

www.md-journal.com | 3
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TABLE 2. Linear Regression Analysis of BaPWV in Relation to Components of Blood Pressure

Dependent Variables

Male Female

Crude Adjusted Crude Adjusted

SBP (mm Hg)
BaPWV Quartile 1 0 0 0 0
Quartile 2 4.72 (1.69) 5.10 (1.64) 7.12 (1.27) 7.37 (1.31)
Quartile 3 9.47 (1.70) 11.08 (1.73) 14.28 (1.25) 14.43 (1.34)
Quartile 4 24.35(1.67) 25.21 (1.85) 25.12 (1.27) 26.21 (1.55)
P-value for trend <0.001 <0.001 <0.001 <0.001

DBP (mm Hg)
BaPWV Quartile 1 0 0 0 0
Quartile 2 2.75 (1.11) 2.96 (1.04) 2.64 (0.78) 3.37 (0.76)
Quartile 3 2.80 (1.12) 4.15 (1.09) 4.50 (0.77) 5.53 (0.78)
Quartile 4 8.69 (1.10) 10.54 (1.17) 6.47 (0.78) 8.90 (0.91)
P-value for trend <0.001 <0.001 <0.001 <0.001

MAP (mm Hg)
BaPWV Quartile 1 0 0 0 0
Quartile 2 3.40 (1.16) 3.67 (1.09) 4.13 (0.83) 4.71 (0.83)
Quartile 3 5.02 (1.17) 6.46 (1.15) 7.76 (0.83) 8.50 (0.85)
Quartile 4 13.91 (1.15) 15.43 (1.23) 12.69 (0.84) 14.62 (0.99)
P value for trend <0.001 <0.001 <0.001 <0.001

PP (mm Hg)
BaPWV Quartile 1 0 0 0 0
Quartile 2 1.97y (1.38) 2.14y (1.38) 4.48 (1.04) 4.00 (1.09)
Quartile 3 6.67 (1.39) 6.93 (1.46) 9.77 (1.03) 8.90 (1.12)
Quartile 4 15.66 (1.36) 14.68 (1.56) 18.66 (1.05) 17.32 (1.30)
P-value for trend <0.001 <0.001 <0.001 <0.001

BaPWV¼ brachial–ankle pulse wave velocity, BaPWV Quartile 1, <1302 cm/s; Quartile 2, 1302 cm/s; Quartile 3, 1459 cm/s; Quartile4,
�1682 cm/s.

luc
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baPWV. Our findings suggest that arterial stiffness appears to
be an independent contributor to hypertension nor a progressive
increase in BP, and that other age-related effects concealed by
the effect of arterial stiffness, tended to decrease BP in
the elderly.

The Framingham Heart Study7 identified a linear rise in
SBP from age 30 through 84 years and concurrent increases in
DBP and MAP; whereas after age 50 to 60 years, DBP declined,
PP rose steeply, and MAP reached an asymptote. To explain the
late age-related decline in DBP, a hypothesis, namely an age-
related decrease in cardiac output was denied because it is
inconsistent with a concurrent late rise in SBP. However, it is
supported by our results, which show late declines in SBP and
DBP with aging. Our results are also consistent with a previous
study13 that found associations between age, baPWV, and SBP
with results suggesting that SBP decreases with age at the same
baPWV level after age 40 years. Interestingly, the Framingham
Heart Study also considered calculated MAP underestimating
of vascular resistance after age 50 years. This conclusion was
based on results showing a leveling off of MAP after age 50 to
60 years in the Framingham Heart Study, which was in conflict
with evidence that vascular resistance continues to rise with
age.17,18 Actually, the key point neglected here is that MAP not
only increases as age-related vascular resistance increases but

Adjusted model including baPWV, age, heart rate, body mass index, g
homocysteine, creatinine, smoking and alcohol consumption.
yAll of the estimated regression coefficients were significant except
also decreases with age-related cardiac output declines. We
found a dose-dependent decrease in MAP with aging after
adjusting for baPWV.

4 | www.md-journal.com
Age-related changes in BP are determined by both age-
related increases in arterial stiffness17,18 and age-related
decreases in cardiac output,19 and arterial stiffening appears
to increase SBP much more than DBP (speculated from our
results showing relationships between baPWV and BP) while
cardiac output declines appear to decrease SBP much less than
DBP (speculated from our results showing relationships
between age and BP after adjustment for baPWV). This may
explain why there are so many healthy elderly normotensives:
age-related increases in BP due to arterial stiffening are offset
by age-related decreases in BP due to a decline in cardiac
output. Furthermore, an increase in arterial stiffness is an
independent contributor to an increase in BP. We found a
dose-dependent increase in BP with arterial stiffness indepen-
dent of age. This may also explain why so many young
hypertensives (not secondary) exist—severe arterial stiffness
alone may be enough to promote a progressive increase in BP.

Previous studies have demonstrated that arterial stiffness
(either cfPWV or baPWV) predicts incident hypertension11,12

and is an independent determinant of longitudinal increases in
SBP.10,13 In fact arterial stiffness not only predicts hypertension
but also the risk of cardiovascular events or even total mortality.
A meta-analysis20 showed that baPWV may predict the risk of
cardiovascular events and mortality, and those with higher

ose, total cholesterol, triglycerides, high-density lipoprotein cholesterol,

the 2 in italics.
baPWV had an increased risk of cardiovascular events
(RR¼ 2.89, 95% CI 1.99–4.20), cardiovascular mortality
(RR¼ 7.68, 95% CI 3.91–15.07) and all-cause mortality

Copyright # 2014 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Linear Regression Analysis of Age in Relation to Components of Blood Pressure

Dependent Variables

Male Female

Crude
BaPWV
Adjusted

BaPWVþ
Other Covariables

Adjusted Crude
BaPWV
Adjusted

BaPWVþ
Other Covariables

Adjusted

SBP (mm Hg)
Age category 1 0 0 0 0 0 0
Category 2 2.97 (1.58) �0.68 (1.33) 1.19 (1.34) 6.11 (1.11) �0.85 (0.99) �0.52 (1.02)
Category 3 5.06 (1.98) S7.34 (1.80) �4.17 (1.83) 9.06 (1.71) S6.34 (1.60) S4.88 (1.68)
P-value for trend 0.009 <0.001 0.056 <0.001 <0.001 0.018

DBP (mm Hg)
Age category 1 0 0 0 0 0 0
Category 2 �1.30 (0.92) S2.95 (0.84) �1.60 (0.86) �0.42 (0.61) S2.84 (0.60) S2.38 (0.61)
Category 3 S4.43 (1.15) S10.03 (1.14) S7.68 (1.17) S2.82 (0.93) S8.17 (0.98) S6.61 (1.00)
P-value for trend <0.001 <0.001 <0.001 0.009 <0.001 <0.001

MAP (mm Hg)
Age category 1 0 0 0 0 0 0
Category 2 0.12 (1.04) S2.20 (0.89) �0.67 (0.90) 1.76 (0.70) S2.17 (0.65) S1.76 (0.65)
Category 3 �1.26 (1.30) S9.13 (1.20) S6.51 (1.22) 1.14 (1.08) S7.56 (1.05) S6.03 (1.08)
P-value for trend 0.382 <0.001 <0.001 0.057 <0.001 <0.001

PP (mm Hg)
Age category 1 0 0 0 0 0 0
Category 2 4.27 (1.20) 2.27 (1.11) 2.79 (1.15) 6.53 (0.87) 1.99 (0.82) 1.86 (0.86)
Category 3 9.48 (1.50) 2.68 (1.50) 3.51 (1.56) 11.89 (1.34) 1.83 (1.33) 1.72 (1.42)
P-value for trend <0.001 0.048 0.016 <0.001 0.041 0.072

BaPWV¼ brachial–ankle pulse wave velocity. Significant estimated regression coefficients are in bold. Age category 1,<60 years; category 2, 60

se,
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(RR¼ 2.48, 95% CI 1.82–3.37). Another meta-analysis showed
the pooled RRs of total CV events, CV mortality, and all-cause

years; category 3, �70 years.�
Other covariables including heart rate, body mass index, gluco

homocysteine, creatinine, smoking, and alcohol consumption.
mortality to be 2.26 (95% CI: 1.89–2.70, 14 studies), 2.02 (95%
CI: 1.68–2.42, 10 studies), and 1.90 (95% CI: 1.61–2.24, 11
studies), respectively, for subjects with high versus low

TABLE 4. Logistic Regression Analysis of Age and BaPWV in relat

Independent Variables

Male

Crude Adjus

OR 95% CI OR

Age categories (years)
Category 1 1.0 1.0
Category 2 0.95 0.61–1.50 0.80 0
Category 3 1.13 0.65–1.96 0.42 0
P-value for trend 0.712 0.033

BaPWV quartiles (cm/s)
Quartile 1 1.0 1.0
Quartile 2 3.5 1.3–9.6 4.9
Quartile 3 5.7 2.1–15.2 10.6
Quartile 4 20.8 8.1–53.4 44.8 1
P-value for trend <0.001 <0.001

Adjusted model including baPWV, age, heart rate, body mass index, gluc
homocysteine, creatinine, smoking, and alcohol consumption.�

Hypertension is defined as systolic blood pressure�140 mm Hg or diasto
years; category 3, �70 years. BaPWV Quartile 1, <1302 cm/s; Quartile 2,

Copyright # 2014 Wolters Kluwer Health, Inc. All rights reserved.
cfPWV.21 Consequently, anti-stiffness interventions will not
only decrease high BP, but also improve the prognosis of

total cholesterol, triglycerides, high-density lipoprotein cholesterol,
individuals with cardiovascular diseases. Finally, arterial stiff-
ness may serve as a useful diagnostic and therapeutic indicator
of hypertension or other cardiovascular diseases.

ion to the Risk of Hypertension
�

Female

ted Crude Adjusted

95% CI OR 95% CI OR 95% CI

1.0 1.0
.45–1.42 1.81 1.31–2.52 0.93 0.62–1.38
.19–0.92 2.50 1.59–3.94 0.56 0.29–1.05

<0.001 0.117

1.0 1.0
1.6–15.5 2.9 1.5–5.6 3.1 1.6–6.0
3.4–32.7 5.4 2.9–9.9 5.8 3.1–11.0
4.1–142.0 16.7 9.2–30.1 21.7 11.0–43.0

<0.001 <0.001

ose, total cholesterol, triglycerides, high-density lipoprotein cholesterol,

lic blood pressure�90 mm Hg. Age category1,<60 years; category 2, 60
1302 cm/s; Quartile3, 1459 cm/s; Quartile4, �1682 cm/s.
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The use of baPWV has been criticized since the pulse wave
does not travel directly from the brachial arteries to the post-
tibial arteries in the same arterial tree. However, the same
argument can be made for the well-established cfPWV. CfPWV
measures the velocity of the pulse wave from carotid to femoral
arteries, and these 2 arteries are not directly connected in the
same arterial tree. Another issue pertaining to cfPWV is that
there has been no consensus in terms of how the arterial path
length should be measured, and hence different investigations
have employed different cfPWV measurements,22,23 which has
led to wide variation in cfPWV values.24,25 Actually, baPWV
correlates well with cfPWV with a correlation coefficient
around 0.75 to 0.8726–28; however, because baPWV assesses
the mechanical property of a large territory covering both the
large-sized central elastic and medium-sized peripheral mus-
cular arteries, baPWV may be more representative than cfPWV
of arterial load. Previous studies have shown that, compared
with cfPWV, baPWV was not only somewhat more strongly
related to various risk factors for cardiovascular disease (such as
SBP, DBP, MAP, and PP),29 but displayed stronger associations
with the presence of coronary calcium30 and left ventricular
mass.28 In the present study, we preferred baPWV since it offers
an automated, non-invasive measurement that can be easily
applied in general population studies.31

The main limitation of this study was its cross-sectional
design, which does not allow for causal relationships to be
confirmed. Replication using a prospective design is needed to
determine the nature of the relationships between age, arterial
stiffness, and BP.

In summary, increased arterial stiffness with age is an
independent contributor to increases in BP; however, this may
not represent all of the age-related effects on BP, such as age-
related cardiac output decline, which may decrease BP in
the elderly.

The most important clinical implications that can be
derived from this study are that: (1) anti-stiffness interventions
are necessary since arterial stiffness is an independent contri-
butor to hypertension and progressive increases in BP; (2)
calculated MAP may serve as a surrogate measurement for
join forces of arterial stiffness and cardiac output in the elderly;
and (3) a late fall in DBP may be an indicator of cardiac output
decline in the elderly.
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