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a b s t r a c t

Background: Ankle brachial pressure index (ABPI) and pulse wave velocity (PWV) have been widely rec-
ognized as a marker of systemic atherosclerosis. We examined whether ABPI and brachial-ankle PWV
(baPWV) predict individual cardiovascular events in patients on maintenance hemodialysis (HD).
Methods: We prospectively followed-up 445 HD patients undergoing both ABPI and baPWV measure-
ments for up to 5 years. They were divided into 2 groups [group with ABPI >0.9 to ≤1.3 (n = 328) and
group with ABPI ≤0.9 or >1.3 (n = 117)] and were also divided into tertiles according to the baPWV level
(T1: <1850 cm/s; T2: 1850–2310 cm/s and T3: ≥2310 cm/s).
Results: During the follow-up period (mean 43 ± 17 months), 206 cardiovascular events [cardiac event:
125 (28.1%), cerebrovascular events: 39 (8.8%), and peripheral arterial events: 42 (9.4%)] occurred, and
36 (8.1%) and 42 (9.4%) patients experienced cardiovascular and non-cardiovascular deaths, respectively.
Cox multivariable analysis showed that presence of ABPI ≤0.9 or >1.3 was a significant predictor of cardiac
events [hazard ratio (HR) 1.78, 95% confidential interval (CI) 1.27–2.49, p = 0.0008], cerebrovascular event
(HR 1.95, 95%CI 1.13–3.36, p = 0.017), peripheral arterial event (HR 3.64, 95%CI 2.10–6.29, p < 0.0001),

composite endpoint of cardiovascular events (HR 2.22, 95%CI 1.64–2.99, p < 0.0001), cardiovascular mor-
tality (HR 2.42, 95%CI 1.44–4.06, p = 0.0008) and all-cause mortality (HR 1.52, 95%CI 1.03–2.25, p = 0.037).
However, baPWV did not predict cardiovascular events on multivariate analysis.
Conclusion: ABPI but not baPWV is useful for risk stratification of systemic atherosclerotic morbidity and
mortality in HD patients. Furthermore, ABPI could predict not only individual peripheral arterial events
but also cardiac and cerebrovascular events.
. Introduction

The number of patients with end-stage renal failure who need
emodialysis (HD) keep increasing worldwide, and it is said to have
eached two million people now [1]. The risk of cardiovascular dis-
ase in patients on HD is reportedly 20–30 higher times than the
eneral person [2]. It is thus clear that patients on HD are at an

xtremely high risk of cardiovascular disease [3]. Moreover the
ncrease in their medical treatment costs becomes a large problem
4], so it is important to predict the risk of cardiovascular disease in
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the treatment of such population. The number of HD patients also
keeps increasing in Japan. Additionally, the high rate of diabetic
nephropathy and high age at starting HD therapy are characteristics
resulting in an increase in cardiovascular disease in Japan [5].

Ankle brachial pressure index (ABPI) is a useful inspection
to diagnose peripheral artery disease (PAD) as recommended in
guidelines of Trans Atlantic Inter-Society Consensus II and Amer-
ican College of Cardiology/American Heart Association [6,7]. PAD
is an important manifestation of systemic atherosclerosis, and it is
known that patients with ABPI < 0.9 have 3–4 times higher risk of
cardiovascular mortality [8]. The utility of ABPI as a predictor of car-
diovascular disease is reported not only in general population [9]

but also in patients on HD [10–13]. Studies have shown that aortic
pulse wave velocity (PWV) as the index of aortic stiffness is also a
strong predictor of cardiovascular disease not only in general pop-

alKey.jp by Elsevier on June 29, 2018.
. Elsevier Inc. All rights reserved.

dx.doi.org/10.1016/j.atherosclerosis.2011.09.037
http://www.sciencedirect.com/science/journal/00219150
http://www.elsevier.com/locate/atherosclerosis
mailto:hkishii@med.nagoya-u.ac.jp
dx.doi.org/10.1016/j.atherosclerosis.2011.09.037


6 sclero

u
H
o
o
o
a
e
w

2

2

K
b
w
h
e
b
c
l

e
d
d
d
a
i
i
u
d
A
t

2

[
o
t
≥
m
p

2

i
p
M
s
o
m
a
p
a
3
d

d
p

t
t
t

44 M. Tanaka et al. / Athero

lation [13] but also in patients with renal insufficiency including
D patients [14–17]. Recently, it is reported that the measurement
f handy brachial-ankle PWV (baPWV) is equally useful with that
f aortic PWV [18,19]. Though ABPI and PWV are strong predictors
f cardiovascular disease, studies which compare both modalities
re still few. The purpose of the present prospective study was to
xamine which had stronger predictive power in patients on HD
ho are at high risk group of cardiovascular disease.

. Methods

.1. Study population

This prospective cohort study was conducted at the Nagoya
yoritsu Hospital. A total of 445 outpatients on HD undergoing
oth ABPI and PWV measurement from January 2002 to June 2002
ere enrolled in this study. To be eligible for the study, patients
ad to have received regular HD at least for 3 months just before
ntry. Moreover, patients had to be clinically stable for 6 months
efore entry and specifically lack of acute cardiovascular event,
erebrovascular event, infection, ulcer or gangrene in the lower
imb, or other active diseases.

The endpoints were cardiovascular events (including cardiac
vent, cerebrovascular event and peripheral artery event), car-
iovascular mortality and all-cause mortality. Cardiac event was
efined as coronary revascularization, myocardial infarction, sud-
en death, and hospitalization or death due to heart failure and/or
rrhythmia. A cerebrovascular event was defined as cerebral bleed-
ng and infarction. Peripheral artery event was defined as any
ntervention due to lower limb ischemia including claudication,
lceration and/or gangrene, and/or amputation of lower limb. Car-
iovascular mortality and all-cause mortality were also evaluated.
ll patients were prospectively followed-up for up to 5 years from

he day when both ABPI and baPWV were measured.

.2. Data collection

Enrolled subjects were divided into 2 groups according to ABPI
group with ABPI >0.9 to ≤1.3 (n = 328) and group with ABPI ≤0.9
r >1.3 (n = 117)] [7]. Also, they were divided into tertiles according
o baPWV level (T1: <1850 cm/s; T2: ≥1850 to <2310 cm/s; and T3:
2310 cm/s). Demographic and medical data were obtained from
edical records and interviews with patients and/or the patients’

rimary nephrologists.

.3. Measurement of ABPI and baPWV

As previously reported [19,20], both ABPI and baPWV were non-
nvasively measured by trained technicians according to a standard
rotocol using a Colin Waveform analyzer (form PWV/ABI; Colin
edical Technology, Komaki, Japan), which simultaneously mea-

ures bilateral arm and ankle blood pressure and pulse volumes
f the brachial and posterior tibial arteries using an oscillometric
ethod, respectively. Briefly the participant was asked to lie flat on

n examination table and after 5 min of rest, standard arm blood
ressure cuffs were applied to the arm opposite the dialysis blood
ccess, and to each ankle (with the lower end of the bladder within
cm of the malloli). These measurements were done at non-dialysis
ay.

ABPI was calculated as the ratio of ankle systolic pressure
ivided by arm systolic pressure, in which lower values of ankle
ressure were used for the calculation.
In order to calculate spreading pulse wave velocity (PWV) in a
ube, it is necessary to record pulse wave at 2 points of either of the
ube. The path length between 2 points (L) and pulse transmission
ime (PTT) were measured. PWV = L/PTT that can be obtained.
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In order to obtain brachial-ankle PWV (baPWV), pulse vol-
ume waveforms of the brachial and tibial arteries were recorded.
Path length between aorta ostium and ankle (La), and path length
between aorta ostium and brachial (Lb) is possible to be substituted
by the calculating formula calculated from the height requested
from the data of many example [20].

Each calculating formula is as follows:

La = 0.819 × height (cm) + 12.318

Lb = 0.2195 × height (cm) − 2.0734

Time interval between brachium and ankle (Tba) is measured
and baPWV can be obtained as follows [21]:

baPWV = La − Lb (cm)
Tba (s)

In current study for patients on hemodialysis, we did not mea-
sure PWV with the blood access side arm. Not pressing one arm
when measuring PWV seems more natural than pressing both arms,
because it does not close the arterial system, so the influence of the
reflected wave is weakened.

2.4. Statistical analysis

Continuous variables were presented as mean ± standard devi-
ations.

Differences in frequencies were tested by means of chi-square
test, and analysis of variance was used to compare distributed vari-
ables. Prognostic factors of survival were identified by use of the Cox
proportional hazard regression model, and the multivariate model
included all baseline valuables with p < 0.05 by univariate analy-
sis. The assumption of proportional hazards over time was verified
before the analysis was performed and was met by all covariates.
The assumption concerning linearity of continuous covariates was
also verified before analysis. Survival curves were estimated by
Kaplan–Meier product-limit method and compared by the log-rank
test.

Statistical significance is defined as p < 0.05. SPSS ver.18 (SPSS,
Chicago, IL, USA) was used for all statistical analyses.

3. Results

The baseline characteristics of the study population at the time
of inclusion are listed in Table 1. The age at inclusion was 63 ± 11
years old, and duration of HD was 6.4 ± 6.5 years. In a total of 30
first consecutive patients, ABI and baPWV were measured once
again 1 week after the first analysis for evaluation of reproducibil-
ity. The variabilities of ABI and baPWV were well correlated [mean
difference 0.04 ± 0.08, r = 0.93 (p < 0.0001) and mean difference
43 ± 224 cm/s, r = 0.92 (p < 0.0001), respectively].

The number of patients with ABPI >0.9 to ≤1.3 and those with
ABPI ≤0.9 or >1.3 was 328 and 117, respectively. The group with
ABPI ≤0.9 or >1.3 was found to be significantly associated with
increased age, high prevalence of diabetes, and high rate of previous
coronary artery disease (Table 1).

When enrolled patients were divided into tertiles according
to baPWV level (T1: <1850 cm/s; T2: ≥1850 to <2310 cm/s and
T3: ≥2310 cm/s), each number of patients was 148 (Table 1).
Increased baPWV level was found to be significantly associated
with increased age and diabetes. Duration of dialysis, smoking
status, hypertension, previous coronary artery disease, previous

cerebrovascular disease, and serum cholesterol levels had no rela-
tion to the level of baPWV.

During follow-up period (43 ± 17 months), cardiovascular
events occurred in 206 (46.3%) patients [cardiac event: 125 (28.1%),

linicalKey.jp by Elsevier on June 29, 2018.
018. Elsevier Inc. All rights reserved.
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Table 1
Baseline characteristics among groups according to stratified ABPI and baPWV.

All patients
(n = 445)

ABPI >0.9
to ≤1.3
(n = 328)

ABPI ≤0.9
or >1.3
(n = 117)

p value Tertile 1
baPWV < 1850 cm/s
(n = 148)

Tertile 2 1850�
baPWV < 2310 cm/s
(n = 148)

Tertile 3
baPWV � 2310 cm/s
(n = 149)

p value

Male (%) 59.3 60.0 57.3 0.54 60.1 57.4 52.3 0.51
Age (years) 63 ± 11 62 ± 12 65 ± 11 0.0052 58 ± 12 63 ± 10 67 ± 10 < 0.0001
Duration of dialysis (years) 6.4 ± 6.5 6.4 ± 6.7 6.4 ± 6.3 0.97 6.4 ± 6.7 6.4 ± 6.1 6.4 ± 6.9 0.99
Diabetes (%) 47.5 43.9 57.2 0.016 35.1 45.9 51.7 0.039
Hypertension (%) 76.3 77.7 72.7 0.30 78.4 82.4 83.2 0.59
Smoking (%) 28.3 27.1 31.6 0.36 31.1 29.7 26.2 0.74
Body mass index (kg/m2) 20.6 ± 2.8 20.6 ± 2.9 20.7 ± 3.2 0.79 20.8 ± 3.0 20.9 ± 2.9 20.1 ± 2.8 0.085
Previous coronary artery

disease (%)
24.9 22.9 31.6 0.049 29.1 29.1 30.2 0.95

Previous cerebrovascular
disease (%)

7.9 7.3 9.4 0.46 6.8 6.8 12.1 0.27

Hematocrit (%) 31.6 ± 3.6 30.8 ± 4.0 31.4 ± 3.6 0.17 31.5 ± 3.4 31.6 ± 4.0 31.6 ± 3.7 0.99
Albumin (g/dl) 3.5 ± 0.3 3.6 ± 0.4 3.5 ± 0.4 0.27 3.6 ± 0.3 3.6 ± 0.4 3.6 ± 0.3 0.42
Triglyceride (mg/dl) 117 ± 69 115 ± 66 123 ± 79 0.36 117 ± 82 115 ± 58 118 ± 68 0.95
Total cholesterol (mg/dl) 167 ± 39 165 ± 40 167 ± 36 0.71 171±37 162 ± 40 168 ± 43 0.17
High-density lipoprotein

cholesterol (mg/dl)
44 ± 14 45±15 42 ± 12 0.053 101 ± 31 94 ± 32 99 ± 34 0.20

Low-density lipoprotein
cholesterol (mg/dl)

98 ± 32 95 ± 32 99 ± 29 0.29 44 ± 14 44 ± 15 45 ± 14 0.90
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C-reactive protein (mg/l) 6.9 ± 15.3 6.3 ± 10.9 6.9 ± 11.2 0.7
Parathyroid hormone

(ng/ml)
126 ± 129 132 ± 137 105 ± 103 0.0

erebrovascular event: 39 (8.8%), and peripheral artery event: 42
9.4%)]. A total of 78 patients (17.5%) died during the follow-up
eriod, 36 patients (8.1% of total patients) of them with fatal car-
iovascular events: 8 deaths attributed to congestive heart failure,
to fatal arrhythmia, 5 to myocardial infarction, 3 to sudden

eath, 1 to valve disease, 1 to aortic aneurysm, 10 to cerebrovas-
ular disease and 2 to peripheral artery disease. The 42 died by
on-cardiovascular events: 21 deaths attributed to infection, 8 to
alignancy, 7 to digestive disorder, 4 to respiratory disorder and 2

o cachexia. Upon Kaplan–Meier analysis, the frequency of cardiac
vents for 5 years was 25.5% in patients with ABPI >0.9 to ≤1.3 and
6.4% in those with ABPI ≤0.9 or >1.3 (p < 0.0001) (Fig. 1A). Simi-

arly, rates of other endpoints for 5 years were significantly different
etween the two groups according to the ABPI levels (Fig. 1B–F).

Table 2 shows Cox proportional hazards analysis of the covari-
tes using the model includes ABPI to predict the endpoint of
ll cardiovascular event (including cardiac event, cerebrovascu-
ar event and peripheral artery event), cardiovascular mortality
nd all-cause mortality. The group with ABPI ≤0.9 or >1.3 was
ignificantly associated with higher incidence of each endpoint.
nterestingly, statistical significance was only seen in incidence
f cerebral infarction when the etiology of cerebrovascular event
as divided into cerebral infarction and hemorrhage (cerebral

nfarction: hazard ratio 3.08, 95% confidential interval 1.47–6.47,
= 0.0029 and hemorrhage: hazard ratio 2.04, 95% confidential
nterval 0.58–7.24, p = 0.26).
Table 3 shows Cox proportional hazards analysis of the

ovariates using the model includes baPWV to predict cardiovas-
ular events (including cardiac event, cerebrovascular event and

able 2
redictive values of ABPI ≤0.9 or >1.3 for each endpoint in the Cox proportional hazard an

Non-adjusted

HR (95%CI)

Cardiac events 2.00 (1.43–2.78)
Cerebrovascular events 2.04 (1.19–3.50)
Peripheral arterial events 4.08 (2.37–7.01)
All cardiovascular events 2.34 (1.76–3.12)
Cardiovascular mortality 2.53 (1.59–4.04)
All-cause mortality 1.76 (1.22–2.54)

djusted for all baseline variables with p < 0.05 on Cox univariate analysis.

Downloaded for Anonymous User (n/a) at Konan Kosei Hospital-JC from Clinic
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6.2 ± 13.6 7.6 ± 18.1 7.3 ± 14.3 0.79
110 ± 94 95 ± 86 108 ± 103 0.44

peripheral artery event), cardiovascular mortality and all-cause
mortality. baPWV was an only predictor of all-cause mortality on
univariate. However PWV did not reach statistical significance in
multivariate analysis.

4. Discussion

Previous studies have reported that atherosclerosis such as
peripheral artery disease has been reported as an independent pre-
dictor of all-cause mortality and cardiovascular events in patients
with end-stage renal failure [22,23]. In addition, such patients
have a higher prevalence of coronary artery disease without symp-
toms [24]. Moreover, HD influences limb amputation and mortality
[25,26]. In such situation, a predictive value has been warranted and
we hypothesized that measures such as ABPI and/or baPWV might
be effective to predict clinical prognosis in HD patients.

The main finding of the present study was that ABPI ≤0.9 or >1.3
which was considered as abnormal levels was an independent pre-
dictor of not only worsening peripheral artery disease but also other
cardiovascular events including cardiac events and cerebrovascu-
lar events in patients on maintenance HD. In an earlier large-scale
study of non-HD population, abnormal ABPI level did not predict
either cardiac events or cerebrovascular events [8]. On the con-
trast, ABPI was a stronger predictor of all cardiovascular events in

patients on HD who have advanced atherosclerosis in the current
study. Another study showed that ABPI is also a strong predictor
of cardiovascular mortality and all-cause mortality in patients on
HD [11]. We clarified that ABPI was a strong predictor not only

alysis.

Adjusted

p value HR (95%CI) p value

<0.0001 1.78 (1.27–2.49) 0.0008
0.0097 1.95 (1.13–3.36) 0.017

<0.0001 3.64 (2.10–6.29) <0.0001
<0.0001 2.22 (1.64–2.99) <0.0001

0.0001 2.42 (1.44–4.06) 0.0008
0.0024 1.52 (1.03–2.25) 0.037

alKey.jp by Elsevier on June 29, 2018.
. Elsevier Inc. All rights reserved.
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(A) Cardiac event (B) Cerebrovascular event (C) Peripheral arterial event

(D) All cardiovascular event (E) Cardiovascular survival (F) All-cause survival

P < 0.0001 P = 0.0082 P < 0.0001

P < 0.0001 P < 0.0001 P = 0.0021

0.9 < ABPI ≤1.3

ABPI ≤0.9 or >1.3

0.9 < ABPI ≤1.3

ABPI ≤0.9 or >1.3

0.9 < ABPI ≤1.3

ABPI ≤0.9 or >1.3

0.9 < ABPI ≤1.3

ABPI ≤0.9 or >1.3

0.9 < ABPI ≤1.3

ABPI ≤0.9 or >1.3

0.9 < ABPI ≤1.3

ABPI ≤0.9 or >1.3

Fig. 1. (A) Kaplan–Meier curves of freedom from cardiac event. In 5-year follow-up period, incidences of cardiac events in HD patients with ABPI >0.9 to ≤1.3 and those with
ABPI ≤0.9 or >1.3 were 25.5% and 46.4%, respectively (p < 0.0001). (B) Kaplan–Meier curves of freedom from cerebrovascular event. In 5-year follow-up period, incidences of
cerebrovascular events in HD patients with ABPI >0.9 to ≤1.3 and those with ABPI ≤0.9 or >1.3 were 9.3% and 16.1% (p = 0.0082). (C) Kaplan–Meier curves of freedom from
peripheral arterial event. In 5-year follow-up period, incidences of peripheral artery events in HD patients with ABPI >0.9 to ≤1.3 and those with ABPI ≤0.9 or >1.3 were 5.3%
and 26.1% (p < 0.0001). (D) Kaplan–Meier curves of freedom from all cardiovascular event. In 5-year follow-up period, incidences of cardiovascular events in HD patients
with ABPI > 0.9 to ≤1.3 and those with ABPI ≤0.9 or >1.3 were 32.9% and 61.9% (p < 0.0001). (E) Kaplan–Meier curves of cardiovascular survival. In 5-year follow-up period,
cardiovascular death in HD patients with ABPI >0.9 to ≤1.3 and those with ABPI ≤0.9 or >1.3 were 8.8% and 22.7% (p < 0.0001). (F) Kaplan–Meier curves of all-cause survival.
In 5-year follow-up period, all-cause death in HD patients with ABPI >0.9 to ≤1.3 and those with ABPI ≤0.9 or >1.3 were 16.1% and 31.1% (p = 0.0021).

Table 3
Cox proportional hazard analysis using the model includes baPWV.

Non-adjusted Adjusted

HR (95%CI) p value HR (95%CI) p value

Cardiac events
baPWV (versus T1) Reference 0.26
T2 1.06 (0.65–1.75) –
T3 1.43 (0.89–2.29)

Celebrovascular events
PWV (versus T1) Reference 0.68
T2 1.27 (0.56–2.84) –
T3 1.43 (0.61–3.36)

Peripheral artery events
baPWV (versus T1) Reference 0.74
T2 1.31 (0.57–2.99) –
T3 1.34 (0.59–3.06)

All cardiovascular events
baPWV (versus T1) Reference 0.089 0.84
T2 1.07 (0.69–1.66) 1.16 (0.62–1.74)
T3 1.52 (1.01–2.29) 1.51 (0.68–1.97)

Cardiovascular death
PWV (versus T1) Reference 0.089 0.15
T2 2.15 (0.88–5.19) 3.22 (0.83–12.44)
T3 2.39 (0.92–5.54) 3.61 (0.97–13.45)

All-cause death
PWV (versus T1) Reference 0.0073 0.21
T2 1.76 (0.89–3.48) 2.02 (0.69–5.91)
T3 2.73 (1.43–5.16) 2.63 (0.89–7.80)

Adjusted for all baseline variables with p < 0.05 on Cox univariate analysis.
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f both cardiovascular mortality and all-cause mortality but also
f all cardiovascular events in patients on HD. It is natural that
bnormal ABPI level would predict worsening of peripheral artery
isease, but we first found that the group with ABPI ≤0.9 or >1.3
as associated with higher incidence of cardiac disease and cere-

rovascular disease, too. Moreover, the hazard ratio of presence
f ABPI ≤0.9 or >1.3 for any endpoint was higher than any other
isk factors of atherosclerosis. In addition, in line with a previous
eport [14] which indicated a significant relation between PWV
nd cardiovascular mortality, baPWV was an only predictor of all-
ause mortality on univariate Cox analysis in the present study.

e found that baPWV was not an independent predictor for any
ndpoint in patients on HD when analyzed in combination with
BPI. Thus, baPWV was less useful for risk stratification of systemic
therosclerotic morbidity and mortality in patients on maintenance
D, compared to ABPI.

PWV is measured by various parts besides aortic in recent years,
nd those comparison researches are performed [15,17,18]. Any
WV index other than aortic did not show a strong relation to the
isk. Ito et al. reported that baPWV could underestimate arterial
tiffness in hypertensive patients with a history of cardiovascular
vents [18]. The blood pressure of a patient on HD changes intensely
uring a day (especially, before and after dialysis), and the sys-
olic arterial pressure influences PWV. Cardiac valvular disease in
atients on HD keeps increasing, however, PWW of patients with
eart valve disease, (especially aortic valvular disease) is not so use-

ul as the index of stiffness of the artery. Also, PWV of patients with
yocardial infarction is likely to be represented lower than the

ctual. These factors might explain the reason why baPWV was less
seful for risk stratification of systemic atherosclerotic morbidity
nd mortality in patient on HD.

Some limitations should be discussed. We used data on mea-
urement of the ABPI/baPWV performed once at the start of the
tudy. This issue was the main limitation. This study consisted
f only 445 patients. Thus, lower statistical power may exist.
oreover, all enrolled patients were Japanese. They have better

rognosis compared to subjects in other countries [22]. As to the
aPWV analysis, we used tertiles but not two groups because there
as been no appropriate cut-off point in the baPWV. However, the
rbitrary cut-off might be used for baPWV and this could affect the
esults.

In conclusion, we clarified that ABPI but not baPWV was a strong
redictor of systemic atherosclerotic morbidity and mortality in HD
atients. Furthermore, ABPI could predict not only deterioration
f peripheral artery disease but also cardiac and cerebrovascular
vents individually.

ABPI is an extremely handy examination, and screening is also
asy. Thus, we can easily perform risk stratification to predict
linical prognosis in HD patients with an extremely high risk of
ardiovascular disease by measuring ABPI. It seems that regularly
nderstanding HD patient’s risk of cardiovascular disease leads
o not only the improvement of patient’s prognosis but also to
ecrease the medical treatment cost by preventing coexisting dis-
ase.
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