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Abstract
Background. The ankle-brachial index (ABI) is a nonin-
vasive method to evaluate peripheral artery disease (PAD).
ABI <0.9 diagnoses PAD; ABI >1.3 is a false negative
caused by noncompressible arteries. The aim of this study
is to evaluate the association between ABI with vascular
calcifications (VC) and with mortality, in haemodialysis
(HD) patients.
Methods. We studied 219 HD patients (60% male; 20%
diabetic). At baseline, ABI was evaluated by a Doppler
device. VCs were evaluated by two methods: the abdomi-
nal aorta calcification score (AACS) in a lateral plain X-ray
of the abdominal aorta and the simple vascular calcification
score (SVCS) in plain X-rays of the pelvis and hands. VC
were also classified by their anatomical localization in main
vessels (aorta and iliac-femoral axis) and in peripheral or
distal vessels (pelvic, radial or digital). The cutoff values
for the different VC scores in relation with ABI were de-
termined by receiver operating characteristic curve analy-
sis. Biochemical parameters were time averaged for the 6
months preceding ABI evaluation.
Results. An ABI <0.9, an ABI >1.3 or a normal ABI
were found, respectively, in 90 (41%), in 42 (19%) and
in 87 (40%) patients. AACS �6 and SVCS >3 were
found, respectively, in 98 (45%) and 95 (43%) patients.
The adjusted odds ratio (OR) for having an ABI <0.9 was
2.5 (P ¼ 0.007) for AACS �6 and 4.5 (P < 0.001) for
iliac-femoral calcification score (CS) �2. The adjusted
OR for having an ABI >1.3 was 4.2 (P ¼ 0.003) for pelvic
CS and 3.7 (P ¼ 0.006) for hand CS �2. During an ob-
servational period of 28.9 months, all-cause and cardio-
vascular mortality occurred, respectively, in 50 (23%) and
in 29 (13%) patients. Adjusting for age, diabetes, P levels,
HD duration and cardiovascular disease at baseline, an
ABI <0.9 [hazard ratio (HR) ¼ 3.9, P < 0.001] and an
ABI >1.3 (HR ¼ 2.7, P ¼ 0.038) were associated with all-
cause mortality; an ABI <0.9 (HR ¼ 7.2, P ¼ 0.002) and
an ABI >1.3 (HR ¼ 5.1, P ¼ 0.028) were associated with
cardiovascular mortality.

Conclusions. Both low and high ABI were independent
predictors of all-cause and cardiovascular mortality. VC in
main arteries were associated with an ABI <0.9. VC in
peripheral and distal arteries were associated with an ABI
>1.3. ABI is a simple and noninvasive method that allows
the identification of high cardiovascular risk patients.

Keywords: ankle-brachial index; CKD 5D; mortality; vascular
calcifications

Introduction

Peripheral artery disease (PAD) is highly prevalent in dial-
ysis patients but is frequently underdiagnosed. In haemo-
dialysis (HD) patients, traditional risk factors such as age
and diabetes but also nontraditional risk factors such as
hypercalcaemia and hyperphosphataemia have been asso-
ciated with higher risk of amputation, suggesting a contrib-
utory role of vascular calcifications (VC) for PAD in this
population [1]. Ankle-brachial index (ABI) is a simple and
noninvasive method that may be useful to identify PAD. In
general, population measurement of ABI may improve the
accuracy of cardiovascular risk prediction [2]. In dialysis
patients, low or high ABI have already been associated
with higher risk of death [3–5]; low ABI has been associ-
ated with vascular access failure [6]. Low ABI (<0.9) iden-
tifies obstructive artery disease, while high ABI (>1.3) is
caused by stiff noncompressible distal arteries, probably in
relation with distal arteries calcification [7]. The objective
of this study is to evaluate the prevalence of an abnormal
ABI in a group of dialysis patients and to analyse the asso-
ciation of low or high ABI with VC and with mortality.

Study design

This study is a cross-sectional analysis performed in a
group of prevalent HD patients that were submitted to eval-
uation of the ABI and VC at the study baseline. Patients
were followed prospectively during a mean observational
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period of 28.9 � 6.8 (17–36) months in order to evaluate
the association of low or high ABI with all-cause mortality.
This protocol was approved by the Institutional Ethic Com-
mittee and all patients provided informed consent.

Study population

Seven HD clinics participated in this study. In each clinic,
20–40 patients were randomly selected using a central se-
lection method generated by a computer programme. Ex-
clusion criteria were age <18 years, lower limb bilateral
amputation or patient incapacity to give informed consent.
ABI was evaluated in 257 patients and marked the begin-
ning of the study for each patient. Complete data available
for analysis was gathered in 219 patients who constituted
the sample for this study. The main demographic, biochem-
ical and clinical characteristics of the whole sample are
presented in Table 1. There were 131 male (60%) and 43
diabetic patients (20%). Mean age was 65 � 15 years and
mean HD duration was 82 � 74 months. Diagnosis of
vascular disease at baseline was provided by the attending
physician, based on clinical criteria and diagnostic exams
according to the standard of care. Coronary artery disease
(CAD) was diagnosed if the patient had a positive stress
test, had suffered an acute coronary syndrome or a myo-
cardial infarction or had been submitted to a percutaneous
coronary intervention or coronary bypass surgery. PAD

was considered if there was claudication, ischaemic ulcers,
lower limb amputation, revascularization or previous diag-
nosis of obstruction by ultrasonography or angiography.
Based on these criteria, CAD and PAD were identified,
respectively, in 77 (35%) and in 51 (25%) patients. Base-
line cardiovascular disease (CAD or PAD) was diagnosed
in 88 (40%) patients. During an observational period of
28.9 � 6.8 months, 50 patients (23%) died. The main
causes of death were: cardiovascular in 29 patients, infec-
tious in 14 patients and other causes in 7 patients (neoplasia
in 3 patients, cachexia in 3 patients and haemorrhagic
shock in 1 patient). No patient was lost for follow-up.

Methods

Vascular calcifications

VC were evaluated in plain X-ray by two different methods: the abdominal
aorta calcification score (AACS) and the simple vascular calcification
score (SVCS). The AACS, ranging from 0 to 24, was evaluated in the
lateral abdominal aorta from L1 to L4 using a methodology previously
described by Kauppila et al. [8]. The SVCS ranging from 0 to 8 was
developed by us and is evaluated in plain X-ray of pelvis and hands [9].
AACS and SVCS were evaluated separately by two experienced clinicians
without the knowledge of clinical information. Since increase in ABI is
caused by noncompressible arteries that may be produced by calcification
in distal arteries, we used the information obtained by these two scores to
further classify VC by anatomical criteria in calcification in large arteries
(aorta and iliac-femoral axis) and in peripheral and distal arteries (branches

Table 1. Demographic, biochemical and clinical factorsa

ABI, N (%)
All patients,
N ¼ 219

ABI < 0.9,
N ¼ 90 (41%) P

ABI 0.9–1.3,
N ¼ 87 (40%)

ABI > 1.3,
N ¼ 42 (19%) P

Age (years) 65 6 15 69 6 13** <0.001 60 6 16 67 6 13* 0.013
HD duration (months) 82 6 74 85 6 73 0.685 89 6 81 63 6 61* 0.039
Male gender (N, %) 131 (60%) 59 (66%) 0.086 46 (53%) 26 (62%) 0.333
Diabetes (N, %) 43 (20%) 20 (22%) 0.094 11 (13%) 12 (29%)* 0.027
Smoking habits (N, %) 47 (22%) 23 (26%) 0.178 15 (17%) 9 (21%) 0.567
BMI (kg/cm2) 23.9 6 4.7 23.4 6 4.6 0.279 24.2 6 4.7 24.6 6 5.2 0.704
Kt/V 1.8 6 0.3 1.8 6 0.3 0.229 1.8 6 0.3 1.7 6 0.3* 0.012
Hb (g/dL) 11.9 6 1.4 11.9 6 1.4 0.955 11.9 6 1.3 11.9 6 1.2 0.658
Albumin (g/dL) 4.1 6 0.6 4.1 6 0.3 0.058 4.2 6 0.8 4.1 6 0.4 0.317
CRP (mg/dL) 1.2 6 1.7 1.2 6 1.3 0.607 1.3 6 2.3 1.1 6 1.2 0.502
Ca (mg/dL) 8.9 6 0.7 8.9 6 0.6 0.943 8.9 6 0.7 8.9 6 0.6 0.821
P (mg/dL) 4.9 6 1.2 4.8 6 1.2 0.505 4.9 6 1.2 4.7 6 1.0 0.288
iPTH (pg/mL) 319 6 340 358 6 446 0.261 298 6 209 281 6 294 0.709
Total cholesterol (mg/dL) 165 6 38 166 6 36 0.820 167 6 39 157 6 38 0.164
LDL-C (mg/dL) 96 6 35 98 6 34 0.647 96 6 38 92 6 32 0.513
HDL-C (mg/dL) 44 6 11 43 6 10 0.278 44 6 11 47 6 11 0.314
Triglycerides (mg/dL) 166 6 104 163 6 94 0.202 184 6 124 132 6 72* 0.013
Pulse pressure (mmHg) 65 6 15 69 6 14** <0.001 61 6 14 64 6 16 0.263
CaCO3 (N) g/day (74) 2.3 6 1.4 (30) 2.3 6 1.5 0.872 (28) 2.4 6 1.3 (16) 2.1 6 1.3 0.577
Sevelamer (N) g/day (114) 4.1 6 2 (46) 4.0 6 1.8 0.588 (49) 4.2 6 2.3 (19) 4.0 6 1.6 0.681
Cinacalcet (N) mg/day (44) 46.7 6 30.8 (14) 53.5 6 41 0.482 (23) 45.6 6 26 (7) 36.4 6 17 0.403
Alfacalcidol (N) lg/week (20) 2.3 6 1.7 (7) 2.3 6 1.2 0.247 (6) 1.6 6 0.9 (7) 2.8 6 2.6 0.297
Paricalcitol (N) lg/week (47) 3.1 6 1.7 (17) 2.5 6 1.3 0.102 (17) 3.5 6 1.8 (13) 3.1 6 2.0 0.625
AACS median (IQR) 4 (9) 7 (10)** <0.001 3 (7) 4 (5) 0.164
SVCS median (IQR) 3 (4) 3 (4)** <0.001 1 (4) 2.5 (4)* 0.040
PAD (baseline) (N, %) 51 (23%) 38 (42%)** <0.001 7 (8%) 6 (14%) 0.270
CAD (baseline) (N, %) 77 (35%) 34 (38%) 0.202 25 (29%) 18 (43%) 0.111
CVD (baseline) (N,%) 88 (40%) 40 (44%) 0.094 28 (32%) 20 (48%) 0.089
All-cause mortality (N, %) 50 (23%) 31 (34%)** <0.001 9 (10%) 10 (24%)* 0.043
CV mortality (N, %) 29 (13%) 20 (22%)** <0.001 3 (3%) 6 (14%)* 0.024

aCRP, C-reactive protein; iPTH, intact PTH; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range; CVD, cardiovascular disease; CV,
cardiovascular. low ABI (<0.9) and high ABI (>1.3) are compared with normal ABI (0.9–1.3): t-test for parametric continuous variables, Kruskal–
Wallis for nonparametric variables and Pearson chi-square for categorical variables (*P < 0.05 **P < 0.001). Significant P values (<0.05) are presented
in bold.
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of the internal iliac artery evaluated in pelvis plain X-ray and radial and
digital arteries evaluated in plain X-ray of hands). We intended to analyse
the association of these types of VC, defined by anatomical criteria, with
low or high ABI.

Evaluation of ABI

ABI was evaluated with the help of a manual Doppler device (MD6
bidirectional Doppler from Hokanson). After placing the patient in a su-
pine position for 5 min, the systolic blood pressure (SBP) was evaluated in
the brachial artery of the arm without vascular access and in the posterior
tibial artery or dorsal pedal artery of the right and left lower limb. Follow-
ing a clockwise rotation, two separate measures of the SBP were obtained
in each site. The mean SBP value for each site was used for calculating
right and left ABI with the following formula: ABI ¼ ankle SBP/brachial
SBP. Normal ABI was defined by normal values (0.9–1.3) detected in both
sides. Low ABI was defined by an ABI <0.9 in one or both sides. High
ABI corresponded to ABI >1.3 in both sides or in one side with normal
ABI in the contralateral side. According to these results, patients were
divided in three groups for analysis: low ABI (<0.9) in 90 patients
(41%), normal ABI (0.9–1.3) in 87 patients (40%) and high ABI (>1.3)
in 42 patients (19%). Two experienced technicians performed this evalua-
tion using the same device. Inter-operator agreement in the diagnosis of
low, normal or high ABI was 88.8%, kappa ¼ 0.79 � 0.074.

Biochemical analysis

Mid-week Kt/V and predialysis serum levels of the following biochemical
parameters were evaluated and time averaged for the 6 months preceding
the evaluation of ABI: Kt/V, Ca, P, albumin and C-reactive protein. Total
intact parathormone (PTH) was evaluated every 3 months by immunoche-
miluminescence using two second-generation assays, from Roche Diag-
nostics, Basel, Switzerland and from Abbott, Barcelona, Spain. Total
cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein
(LDL) cholesterol and triglycerides were evaluated twice.

Statistical analysis

Data are presented as frequencies for categorical variables, mean values
with SD for continuous variables and median values with interquartile
range for ordinal variables. Comparison between groups was performed
by the independent samples t-test, Kruskal–Wallis, Pearson chi-square
and Fisher exact test when appropriate. Correlation was performed
using Spearman’s rho correlation. Survival curves were estimated by
Kaplan–Meier analysis and compared by the log-rank test. In separate
models, the association of low or high ABI with all-cause mortality was
evaluated with Cox regression in unadjusted and adjusted models using
the enter method. Association of low or high ABI with VC and asso-
ciation of PAD with VC and ABI were evaluated in binary logistic
regression in unadjusted and adjusted models using the enter method.
The absence of colinearity among explanatory factors was checked in
all models based on variance inflation factor and variance proportions
standard procedures.

Receiver operating characteristic (ROC) curve analysis allowed the
identification of the best cutoff values for the VC scores in relation with
low or high ABI. In relation with ABI <0.9, the best cutoff value for aortic
calcification was �6 [area under the curve (AUC) ¼ 0.656; 95% confi-
dence interval (CI), 0.581–0.726] and for iliac-femoral calcification was
�2 (AUC ¼ 0.763; 95% CI 0.693–0.823). In relation with ABI >1.3, the
best cutoff value for peripheral pelvic calcification was �2 (AUC ¼ 0.630;
95% CI 0.541–0.741) and for hands calcification was �2 (AUC ¼ 0.596;
95% CI 0.506–0.682).

Statistical analyses were performed with the SPSS system 17.0 (SPSS
Inc., Chicago, IL) and with the Medcalc program version 6.0 (Medcalc
software, Mariakerke, Belgium). For all comparisons and statistical tests, a
P-value <0.05 implied the rejection of the null hypothesis and the result
was considered statistically significant.

Results

Descriptive statistics

In this group of 219 patients, an ABI <0.9 and >1.3 were
present, respectively, in 90 (41%) and in 42 (19%) pa-
tients. Normal ABI (�0.9 and �1.3) was present in 87

(40%) patients. VC in the abdominal aorta (AACS) were
verified in 165 (75%) patients. The SVCS detected VC in
154 (70%) patients. VC in iliac-femoral axis, pelvic pe-
ripheral arteries and in hands arteries were detected, re-
spectively, in 132 (60%), 55 (25%) and 87 (40%)
patients. SVCS was correlated with AACS (rho ¼
0.694, P < 0.001). An AACS �6 and an SVCS >3 were
present, respectively, in 98 (45%) and 95 (43%) patients.
By ROC curve analysis, an SVCS >3 identified an
AACS �6 with 78% sensitivity and 81% specificity
(AUC ¼ 0.845; 95% CI 0.791–0.891). In univariate anal-
ysis (Table 1), patients with lower ABI compared with
normal ABI showed older age (P < 0.001), higher pulse
pressure (P < 0.001), higher AACS (P < 0.001), higher
SVCS (P < 0.001) and higher all-cause (P < 0.001) and
cardiovascular mortality (P < 0.001). Patients with
higher ABI compared to normal ABI were older (P ¼
0.013), with higher pulse pressure (P ¼ 0.039), higher
SVCS (P ¼ 0.040) and had higher all-cause (P ¼ 0.043)
and cardiovascular mortality (P ¼ 0.024).

Association of ABI with VC

Binary logistic regression with the enter method in un-
adjusted and adjusted models (Figure 1 and Table 2)
demonstrated that VC in the aorta and in the iliac and
femoral arteries were associated with an ABI <0.9. Ad-
justing for age, gender, HD duration, diabetes, smoking
habits, Ca, P and LDL levels, an AACS �6 [odds ratio
(OR) ¼ 2.52; 95% CI 1.28–4.96; P ¼ 0.007] and an iliac-
femoral calcification score (CS) �2 (OR ¼ 4.45; 95%
CI 2.12–9.35; P < 0.001) were associated with an
ABI <0.9.

In unadjusted and adjusted models, VC in pelvic pe-
ripheral arteries and in hands radial and digital arteries
were associated with ABI >1.3 (Figure 2 and Table 3).
Adjusting for age, gender, HD duration, diabetes, smok-
ing habits, Ca, P and LDL levels, a pelvic CS �2 (OR ¼
4.21; 95% CI 1.61–11.1; P ¼ 0.003) and hands CS �2
(OR ¼ 3.74; 95% CI 1.45–9.68; P ¼ 0.006) were associ-
ated with an ABI >1.3.

There was no association between VC in pelvic periph-
eral arteries or with radial and digital hand arteries with
ABI <0.9 (Figure 1). There was no association between
calcifications in main arteries (aorta and iliac-femoral
arteries) with an ABI >1.3 (Figure 2).

Association of clinical PAD with VC and ABI

PAD was present, at baseline, in 51 (25%) patients. In
univariate analysis (Table 4), patients with PAD, when com-
pared with patients without PAD, showed more VC eval-
uated in the main vessels: AACS (P ¼ 0.001); SVCS (P <
0.001) and iliac-femoral calcifications (P < 0.001). Patients
with PAD when compared with patients without PAD had
a higher prevalence of ABI <0.9 (P < 0.001) and a lower
prevalence of ABI 0.9–1.3 (P < 0.001). Binary logistic re-
gression (Table 5) with the enter method in unadjusted and
adjusted models showed that ABI<0.9, ABI 0.9–1.3, AACS
�6, SVCS �3 and ileo-femoral CS �2 were associated with
clinical PAD. Adjusting for age, gender, HD duration,
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diabetes, smoking habits, Ca, P and LDL levels, an ABI
<0.9 (OR ¼ 6.04; 95% CI 2.83–12.86; P < 0.001), an
ABI 0.9–1.3 (OR ¼ 0.22; 95% CI 0.9–0.64; P ¼ 0.001),
an AACS �6 (OR ¼ 2.01; 95% CI 0.99–4.04; P ¼ 0.051),
an SVCS �3 (OR ¼ 3.13; 95% CI 1.48–6.59; P ¼ 0.003)
and an ileo-femoral CS �2 (OR ¼ 3.45; 95% CI 1.49–8.03;
P ¼ 0.004) were associated with clinical PAD. In univariate
and multivariate analyses, there was no association between
ABI >1.3, pelvic peripheral and hand CS with clinical PAD.

Association of ABI with all-cause and with
cardiovascular mortality

Lower cumulative survival in association with all-cause mor-
tality (Figure 3) was observed in patients with ABI <0.9 (log
rank ¼ 20.0; P < 0.001) and in patients with ABI >1.3 (log
rank ¼ 6.6; P ¼ 0.010) when compared with patients with
normal ABI. Cardiovascular mortality (Figure 3) was also
associated with ABI <0.9 (log rank ¼ 18.3; P < 0.001) and
with ABI >1.3 (log rank ¼ 7.5; P ¼ 0.006).

Cox regression analysis showed, in unadjusted and
adjusted models for age, HD duration, diabetes, vascular
disease at baseline and P levels, that an ABI <0.9 (Table 6)
or an ABI >1.3 (Table 7) were associated with all-cause
mortality and with cardiovascular mortality. The all-cause
mortality-adjusted hazard ratio (HR) was 3.95 (95% CI
1.83–8.51; P < 0.001) for ABI <0.9 and 2.71 (95% CI
1.06–6.93; P ¼ 0.038) for ABI >1.3, when compared with
normal ABI. The cardiovascular mortality adjusted HR was

Fig. 1. ABI < 0.9 and vascular calcifications

Table 2. Association of VCs in main arteries with ABI <0.9 binary
regressiona

Dependent variable:
ABI <0.9 B OR 95% CI P

MODEL 1
Unadjusted

AACS �6 1.244 3.47 1.86–6.45 <0.001
Adjusted

AACS �6 0.926 2.52 1.28–4.96 0.007
Age 0.039 1.04 1.01–1.07 0.004
Male gender 0.481 1.62 0.80–3.26 0.180
HD duration 0.000 1.00 0.99–1.00 0.974
Diabetes 0.613 1.85 0.77–4.41 0.167
Smoking 0.523 1.68 0.71–0.39 0.233
Ca levels �0.044 0.96 0.58–1.58 0.863
P levels 0.083 1.08 0.81–1.46 0.583
LDL-C 0.002 1.00 0.99–1.01 0.687

MODEL 2
Unadjusted

Iliac-fem �2 1.853 6.38 3.23–12.59 <0.001
Adjusted

Iliac-fem �2 1.493 4.45 2.12–9.35 <0.001
Age 0.032 1.03 1.00–1.06 0.024
Male gender 0.310 1.36 0.66–2.81 0.403
HD duration 0.000 0.99 0.99–1.01 0.806
Diabetes 0.309 1.36 0.55–3.36 0.503
Smoking 0.545 1.72 0.71–4.18 0.228
Ca levels �0.034 0.97 0.58–1.62 0.898
P levels 0.072 1.07 0.79–1.45 0.639
LDL-C 0.002 1.00 0.99–1.01 0.735

aIliac-fem, iliac femoral CS. Significant P values (<0.05) are presented in
bold. B is the regression coefficient.
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7.15 (95% CI 2.05–24.86; P ¼ 0.002) for ABI <0.9 and
5.08 (95% CI 1.18–21.76; P ¼ 0.028) for ABI >1.3, when
compared with normal ABI.

Discussion

In this study, analysing 219 HD patients, we have verified
that both ABI <0.9 or ABI >1.3 were associated with
all-cause and cardiovascular mortality. VC evaluated by
plain X-ray in main arteries (aorta and iliac-femoral axis)
were associated with an ABI <0.9, while VC evaluated

Fig. 2. ABI >1.3 and vascular calcifications

Table 3. Association of VC in peripheral and distal arteries with
ABI >1.3 (binary regression)a

Dependent variable: ABI >1.3 B OR 95% CI P

MODEL 3
Unadjusted

Pelvic periph �2 1.447 4.25 1.79–10.1 0.001
Adjusted

Pelvic periph �2 1.439 4.21 1.61–11.1 0.003
Age 0.028 1.03 0.99–1.06 0.069
Male gender 0.003 1.00 0.39–2.56 0.995
HD duration �0.006 0.99 0.98–1.00 0.108
Diabetes 0.519 1.68 0.59–4.72 0.325
Smoking 0.333 1.39 0.47–4.11 0.546
Ca levels 0.151 1.16 0.58–2.31 0.664
P levels �0.071 0.93 0.62–1.38 0.724
LDL-C �0.002 0.99 0.98–1.01 0.722

MODEL 4
Unadjusted 1.281 3.60 1.57–8.27 0.002

Hands �2
Adjusted

Hands �2 1.320 3.74 1.45–9.68 0.006
Age 0.033 1.03 1.00–1.07 0.033
Male gender 0.053 1.05 0.41–2.67 0.912
HD duration �0.006 0.99 0.98–1.00 0.087
Diabetes 0.441 1.55 0.54–4.46 0.413
Smoking 0.048 1.04 0.35–3.17 0.933
Ca levels 0.140 1.15 0.59–2.23 0.680
P levels 0.010 1.01 0.68–1.49 0.960
LDL-C �0.001 0.99 0.98–1.01 0.916

aPelvic periph, pelvic peripheral CS; hands, hands CS. Significant P values
(<0.05) are presented in bold. B is the regression coefficient.

Table 4. Association of clinical PAD with VC and ABIa

Without PAD
(N ¼ 168)

With PAD
(N ¼ 51) P

AACS 4 (8) 8 (10) 0.001
SVCS 2 (4) 4 (4) <0.001
Iliac-femoral 2 (3) 4 (2) <0.001
Pelvic peripheral 0 (0) 0 (2) 0.337
Hands 0 (1) 0 (2) 0.098
ABI <0.9 (N ¼ 90) 52 (31%) 38 (75%) <0.001
ABI 0.9–1.3 (N ¼ 87) 80 (48%) 7 (14%) <0.001
ABI >1.3 (N ¼ 42) 36 (21%) 6 (12%) 0.185

aVCs (median values with interquartile range) were compared with
Kruskal–Wallis test; ABI groups were compared with Pearson chi-
square test. Significant P values (<0.05) are presented in bold.
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in peripheral and distal arteries were associated with an
ABI >1.3. Hyperphosphataemia [1, 10] and hypercalcae-
mia [1] have been associated with amputations suggesting
a probable contribution of VC to PAD [1]. Wong et al.
[11] have recently demonstrated that abdominal aortic
calcification in the general population was associated with
low ABI. To our knowledge, our study is the first to dem-
onstrate, in dialysis patients, an association between VC
evaluated by plain X-ray with low or high ABI and to

show that this association is related with the anatomical
distribution of VC.

Lehto et al. [12] and London et al. [13] have previ-
ously correlated the two histological types of VC, intimal
and medial calcification, with a specific radiological pat-
tern: patchy and irregular for intimal calcification and
continuous and linear for medial calcification. Intimal
and medial calcification may vary according to the type
of vessel: large elastic arteries versus the smaller mus-
cular type artery and proximal versus distal sites of the
arterial tree [14]. In our study, we have decided to clas-
sify VC by their anatomical distribution because this
classification is very simple to apply and is not operator
dependent.

In several published series [1, 3–7], there is a wide
variance among different countries in the prevalence of
amputations (1.7–10%), clinical PAD (12–39.7%) and
low ABI (15.5–38.3%) with lower values consistently
observed in Japan. In our study, we have verified an
ABI <0.9 and >1.3, respectively, in 41 and 19% of
patients; only 40% of the population showed a normal
ABI. Age and VC were directly associated with low or
high ABI and this may explain the high prevalence of an
abnormal ABI in this elderly group of patients with
widespread VC.

We have previously demonstrated that VC evaluated
in plain X-ray were associated with higher risk of clinical
PAD [9]. In the present study, we have verified that VC
in the main arteries and low ABI were associated with
higher risk of clinical PAD. However, there were also
many patients with low ABI values without PAD symp-
toms. This discrepancy between ABI results and clinical
diagnosis of PAD has been previously described [7] and
points out the usefulness of ABI evaluation to identify
PAD in asymptomatic patients. In dialysis patients, the
first sign of PAD is frequently a non-healing ischaemic
ulcer [7].

Table 5. Association of ABI and VC with clinical PAD (binary
regression)a

Dependent variable: clinical PAD B OR 95% CI P

ABI < 0.9
Unadjusted 1.875 6.52 3.21–13.26 <0.001
Adjusted 1.799 6.04 2.83–12.86 <0.001

ABI 0.9–1.3
Unadjusted �1.743 0.18 0.75–0.41 <0.001
Adjusted �1.517 0.22 0.90–0.64 0.001

ABI >1.3
Unadjusted �0.716 0.48 0.19–1.23 0.131
Adjusted �0.988 0.372 0.14–1.01 0.052

AACS �6
Unadjusted 0.849 2.34 1.23–4.44 0.010
Adjusted 0.697 2.01 0.99–4.04 0.051

SVCS3>
Unadjusted 1.371 3.94 2.01–7.69 <0.001
Adjusted 1.142 3.13 1.48–6.59 0.003

Ileo-femoral CS �2
Unadjusted 1.469 4.35 1.99–9.48 <0.001
Adjusted 1,24 3.45 1.49–8.03 0.004

Pelvic periph CS �2
Unadjusted 0.224 1.25 0.614–2.55 0.537
Adjusted �0.015 0.98 0.44–2.19 0.986

Hands CS �2
Unadjusted 0.537 1.71 0.86–3.39 0.125
Adjusted 0.423 1.53 0.71–3.29 0.282

aAll models were adjusted to age, HD duration, male gender, diabetes,
smoking habits, Ca, P and LDL levels. Significant P values (<0.05) are
presented in bold. B is the regression coefficient.

Fig. 3. Survival by Ankle-Brachial-Index
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In our study, VC in peripheral and distal arteries and
ABI >1.3 were not associated with clinical PAD. A high
ABI is the result of noncompressible peripheral arteries
but high ABI may mask a more proximal stenosis and
cannot exclude the presence of PAD [15]. In this situation,
the toe-brachial index is a cost-effective way to establish
or refute PAD [16]. In a group of HD patients with
high prevalence of both diabetes and clinical PAD,
Ohtake et al. [17] demonstrated for the first time that
below-knee arterial calcifications were associated with

low toe-brachial index and both factors were independent
predictors of clinical PAD.

In the general population [15], as well as in dialysis
patients [3–5], low ABI has been associated with lower
survival. In our study, we have also confirmed this same
association. In addition, like Ono et al. [3] and Chen et al.
[4], we have also verified that an ABI >1.3 was associated
with higher risk of mortality. In non-CKD patients, ABI
>1.3 has also been associated with increased cardiovascu-
lar morbidity [18] and with greater left ventricular mass
[19].

In summary, in our study, we have verified that abnor-
mal ABI is highly prevalent in dialysis patients and both
low and high ABI were associated with all-cause and
cardiovascular mortality. VC in large arteries were asso-
ciated with low ABI and clinical PAD, while VC in
peripheral and distal arteries were associated with high
ABI. ABI is a simple and noninvasive method that can be
performed at bedside and that allows the identification of
high cardiovascular risk patients. The hypothesis that the
correction of factors associated with the development of
VC might have an impact on PAD outcomes needs to be
evaluated.
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