pg)

Hypertension Research (2010) 33, 922-925
© 2010 The Japanese Society of Hypertension All rights reserved 0916-9636/10 $32.00

www.nhature.com/hr

ORIGINAL ARTICLE

Brachial-ankle pulse wave velocity predicts all-cause
mortality in the general population: findings from

the Takashima study, Japan

Tanvir Chowdhury Turin!, Yoshikuni Kita!, Nahid Rumana!, Naoyuki Takashimal*2, Aya Kadotal,
Kenji Matsui®, Hideki Sugihara4, Yutaka Morita’, Yasuyuki Nakamural*®, Katsuyuki Miural

and Hirotsugu Ueshimal?

Brachial-ankle pulse wave velocity (baPWV) is a relatively new non-invasive measure of arterial stiffness obtained using an
automated system. We assessed the relationship between baPWV and 6.5-year overall mortality from the Takashima cohort study.
The baPWV was measured in 2642 participants at baseline. When participants were divided into tertiles, all-cause mortality
increased significantly as baPWV increased (P<0.001). Participants in the highest baPWV tertile showed an increased risk of
all-cause mortality evidenced by a multivariable adjusted hazard ratio of 6.8 (95% confidence interval: 1.4-32.8) as compared
with the lowest tertile. The present study demonstrated that increased baPWV is an independent predictor of all-cause mortality

in the Japanese population.
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INTRODUCTION

Among the non-invasive and simple methods used to quantify the
elastic properties of arteries, pulse wave velocity (PWV) is the most
recognized and established index of arterial stiffness."> There is a
variety of methods used to ascertain the PWV; the most frequently
used methods to date have been carotid—femoral PWV (cfPWV) and
brachial-ankle PWV (baPWV).3* Tanaka et al* recently compared
cfPWV with baPWV and found a strong positive association between
the two, indicating that both measures of PWV are indices of central
arterial stiffness. They also reported that both indices had a similar
association with established cardiovascular risk factors. The cfPWV
has been reported to have predictive value for future mortality.>%
Although there are a few studies reporting the prognostic value
of baPWV among patient populations,”® the predictive value of
baPWYV for future mortality in the general population has not been
evaluated thus far. However, given the simplicity of the technique,
baPWYV could be ideal for large-scale population screening and could
be incorporated into routine clinical settings if its probable predictive
value could be identified. To assess the relationship between baPWV
and all-cause mortality, we conducted a prospective analysis using the
Takashima study, which is a general population-based longitudinal
cohort study.

METHODS

The Takashima study

The present analysis was conducted as a part of the Takashima study, which is a
population-based prospective cohort study initiated in 2002 with the intention
of investigating lifestyle traits, genetic profile and other risk factors related to
cardiovascular disease and to cancer. The cohort participants were recruited
from the governmental health check-up in Takashima County located in central
Japan. All the participants gave their written informed consent to participate in
the study. Baseline information on the history of cardiovascular disease,
diabetes, use of anti-hypertensive and anti-diabetic medication, and smoking
and drinking habits was obtained from interviews by well-trained public health
nurses. Serological measures including lipid profile, blood glucose level and
hemoglobin Alc were determined by use of standard techniques. All deaths
occurring in the study population during the follow-up period of 6.5 years were
identified using data from the National Vital Statistics.

Measurement of baPWV

Together with sphygmomanometric blood pressure measurements, baPWV was
measured using a validated automatic device (BP-203RPE II form PWV/ABI;
OMRON Healthcare, Tokyo, Japan) in 2642 participants. This instrument
simultaneously records the baPWV and the brachial and ankle blood pressures
on the left and right sides, produces an electrocardiogram and records the heart
sounds. Each participant was examined in the supine position after resting for
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at least 5min. Electrocardiogram electrodes were placed on both wrists, and
cuffs were placed on the brachium and the ankles bilaterally. A microphone for
detecting heart sounds was placed on the left edge of the sternum. The cuffs
were connected to both a plethysmographic sensor that determined the volume
pulse form and an oscillometric pressure sensor that measured blood pressure.
The brachial and ankle pulse-volume waveforms were recorded using a
semiconductor pressure sensor. The baPWV values on the right and left sides
were obtained, and the left and right values were averaged for analysis in this
study. Details of the device function and process have been described else-
where.10

Statistical analysis

After excluding participants with a history of cardiovascular disease, there were
2480 participants (839 men, mean age 61.0 % 12.4 years; and 1641 women,
mean age 57.1 = 12.8 years). Participants with baPWV were divided into tertiles
and analyzed, with the lowest tertile serving as the reference category. Tertiles
were defined as follows: baPWV <14ms~!, 14ms ! <baPWV<17ms ! and
baPWV>=17ms~ . For the categorical variables, we used the ¥ statistic to
examine differences between the baPWYV tertile groups. One-way analysis of
variance was used to detect differences in continuous variables across the
baPWYV tertiles. The Kaplan—Meier product limit method was used to estimate
the unadjusted survival curves for the three baPWV groups. The log-rank test
was used to compare the equality of survival distributions for the different
levels of baPWV. Cox proportional hazards analysis was used to assess the
association between baPWYV tertiles and mortality risk. Hazard ratios and 95%
confidence intervals are reported. Age, gender, body mass index, high-density
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lipoprotein-cholesterol, low-density lipoprotein-cholesterol, systolic blood
pressure, use of anti-hypertensive and anti-diabetic drugs, serum triglyceride
level, hemoglobin Alc, and history of smoking and drinking habits were
adjusted for in the multivariate analysis. A value of P<0.05 was considered
significant. The Omnibus tests of model coefficients were used to test the model
fit for the models. These tests demonstrated that the data fit the model
adequately. All analyses were performed with the SPSS 17.0 statistical software
package (SPSS, Chicago, IL, USA).

RESULTS

The baseline characteristics of the participants in each baPWV tertile
are shown in Table la. Age, body mass index, blood pressure indices,
low-density lipoprotein-cholesterol, triglyceride and hemoglobin Alc
increased, while high-density lipoprotein-cholesterol decreased, as the
baPWV value increased. Within the follow-up period of 13788.7
person-years, 59 deaths occurred. The mortality rate per 10000
person-years is shown inTable 1b. The mortality for the highest tertile
was significantly higher than that for the lowest tertile. Figure 1 shows
the cumulative probabilities of death by baPWV tertile according to
the Kaplan—-Meier product limit method. In the Kaplan—-Meier analy-
sis, the cumulative hazard risk for all-cause mortality was progressively
and significantly greater with increasing baPWV tertile (P<0.001 by
log-rank test). Table 1c shows the age and gender adjustment, and the
multivariate-adjusted hazard ratios for higher levels of baPWV with
reference to the lowest tertile. The highest baPWV category showed an

Table 1 Baseline characteristics and mortality risk according to baPWV tertiles: the Takashima study, Japan

Tertile 1 Tertile 2 Tertile 3 P-value

(a)
Range of baPWV <14ms1 14to <17ms! >17ms!
Participants 841 824 815
Age (years) 47.31£11.4 60.1£9.2 68.1+7.4 <0.001
Men (%) 24.7 34.7 42.3 <0.001
BMI (kgm~2) 22.5+29 23.1+£2.9 23.3+2.9 <0.001
SBP (mmHg) 114.6+14.1 129.0+16 143.2+20.9 <0.001
DBP (mm Hg) 69.7+£9.6 78.1+10.4 83.6+12.3 <0.001
Anti-hypertensive medication (%) 2.3 13.3 31.20 <0.001
HDL-cholesterol (mg per 100 ml) 62.8+15.7 61+15.8 58.3+15.0 <0.001
LDL-cholesterol (mg per 100 ml) 121.0+31.4 130.4+33.6 126.8+32.8 <0.001
Total cholesterol (mg per 100 ml) 201.3+34.2 212.7+34.9 206.7 +34.9 <0.001
Triglyceride (mg per 100 ml) 85.9+53.0 105.2+65.8 106.7 £54.5 <0.001
HbAlc (%) 4.8+0.54 5+0.56 5.2+0.84 <0.001
Anti-diabetic drug (%) 0.1 1.7 3.3 <0.001
Current smoker (%) 18.3 15.7 17.5 0.01
Current drinker (%) 42.3 40.4 38.5 NS
(b)
Person-years 4716.5 4645.6 4426.7
Number of all-cause deaths 2 9 48
Mortality rate 4.2 (0.7-14.0) 19.4 (9.4-35.5) 108.4 (80.9-142.6)
(c)
Age- and sex-adjusted HR 1 2.3(0.5-11.0) 8.1 (1.8-36.9)

P=0.301 P=0.007
Multivariate-adjusted HR 1 2.1(0.4-10.2) 6.9 (1.4-32.8)

P=0.359 P=0.016

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HbAlc, hemoglobin Alc; HDL-cholesterol, high-density lipoprotein cholesterol; HR, hazard ratio; LDL-cholesterol, low-density

lipoprotein cholesterol; SBP, systolic blood pressure.

Values are shown as means +s.d., proportions are expressed as percentage. P-values are from analysis of variance or chi-square test. Mortality rate is shown per 10000 person-years and 95%
confidence intervals in parentheses. Multivariate HR adjusted for age, sex, BMI, HDL-cholesterol, LDL-cholesterol, SBP level, history of anti-hypertensive and anti-diabetic medication, serum
triglyceride level, hemoglobin Alc, history of smoking and drinking habits using Cox proportional hazards model.
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Figure 1 The cumulative probabilities of death by baPWV tertile according to the Kaplan—-Meier product limit method were progressively greater as the
tertiles increased. The dotted line represents the baPWV<14ms~1 category (lowest tertile), the broken line represents the 14ms~1<baPWV<17ms-1
category (middle tertile), and the continuous line represents the bAPWV>17ms~! category (highest tertile). The hazard functions showed a significant
difference for test of equality of survival distributions for the different levels of baPWV (P<0.001) by log-rank test.

increased risk of all-cause mortality, as evidenced by the multivariate-
adjusted hazard ratio of 6.8 (95% confidence interval: 1.4-32.8)
compared with the lowest tertile. In multivariate models, this associa-
tion of baPWV with all-cause mortality was independent of age, sex,
body mass index, high-density lipoprotein-cholesterol, low-density
lipoprotein-cholesterol, systolic blood pressure, history of anti-hyper-
tensive or anti-diabetic drug use, serum triglyceride, hemoglobin Alc,
and history of smoking and drinking habits.

DISCUSSION

Although aortic PWV is accurate and reproducible, it may not be ideal
for routine use in clinics or for population-based risk screening. The
use of pressure transducers or Doppler probes on target arteries may
be perceived as somewhat difficult by clinical staff. In addition, people
may feel uncomfortable exposing the inguinal area during the acquisi-
tion of femoral pressure waveforms. baPWV is a simpler method,
requiring simple placement of blood pressure cuffs on the four
extremities. Comparing baPWV with ¢fPWV as a tool to be used in
general practice or for population-based screening, baPWV measure-
ments do not require a specialized technique, and the examiner must
only place the cuffs on the brachium and ankle.>!? It has been shown
that the measured baPWV is strongly associated with the measured
cfPWV.# Previous reports suggest that baPWV may provide qualita-
tively similar information to aortic PWV.!! The validity and reprodu-
cibility of baPWV measurements have been reported to be as good as
those of aortic PWV or cfPWV measurements.”

We observed that higher baPWV values were associated with an
increased risk for overall death, and this association was independent
of subject-level covariates. As the number of patients in the current
study was relatively small and the follow-up duration was relatively
short, the results of the present study should be confirmed using a
larger number of participants and a long-term follow-up period.
It would also be valuable to explore the relationship between the
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measured baPWV and long-term cardiovascular survival. Given the
simplicity of the technique and its probable predictive value for future
mortality independent from blood pressure, baPWV would be ideal
for large-scale population screening and for incorporation into
routine clinical settings.
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