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Abstract
Background. Vascular calcifications are highly prevalent
in dialysis patients and are associated with arterial stiffness
and mortality. The use of simple and inexpensive methods
to evaluate arterial stiffness and vascular calcifications is
desired. The objective of this study was to evaluate the
relationship of a simple vascular calcification score (SVCS)
with pulse wave velocity (PWV) and pulse pressure (PP)
and to evaluate their association with all-cause mortality.
Methods. 101 haemodialysis patients (71 men; 19% di-
abetic) were evaluated. At baseline, arterial stiffness was
measured by PP and by PWV with Complior. SVCS was
evaluated in plain X-ray of pelvis and hands.
Results. During a 43-month observational period,
31 patients died. By Kaplan–Meier analysis, SVCS >3
(P = 0.001), PP > 70 mmHg (P = 0.001) and PWV >
10.5 m/s (P < 0.001) were found to be associated with
lower cumulative survival. Adjusting for multiple variables,
association with mortality was maintained for SVCS >3
(HR = 3.308, P = 0.032) and PP > 70 mmHg (HR =
3.227, P = 0.031) in all patients and for PWV > 10.5 m/s
(HR = 2.981, P = 0.047) in non-diabetic patients. Age
(P < 0.001), systolic pressure (P = 0.004) and SVCS >
3 (P = 0.032) were associated with PWV. Diabetes (P =
0.031), calcium carbonate dose (P = 0.009) and SVCS >
3 (P = 0.012) were associated with PP.
Conclusion. Higher SVCS, PWV and PP were associated
with higher mortality in this population. SVCS was associ-
ated with arterial stiffness. Simple and inexpensive methods
such as PP or SVCS may be used to detect mortality risk
and to provide important information that may be relevant
for guiding therapeutic intervention in dialysis patients.
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Introduction

It is clearly demonstrated that dialysis patients have a much
higher cardiovascular mortality when compared with the
general population [1]. This high cardiovascular risk in
chronic kidney disease (CKD) patients is only partly ex-
plained by traditional risk factors [2]. Vascular calcifica-
tions evaluated by ultrasonography [3], plain X-ray [4],
electron beam computed tomography [5] or multislice com-
puted tomography [6] have been associated with mortality
in dialysis patients. KDIGO has recommended a new clas-
sification for mineral and bone disorder of chronic kidney
disease patients (CKD-MBD) that includes the evaluation
of vascular calcifications [7]. Arterial stiffness is an alter-
ation of the arterial wall properties with multiple causes,
some of which are old age, diabetes, hypertension and me-
dial calcification. All these features are highly prevalent in
dialysis patients, and arterial stiffness is a common finding
in this population. In dialysis patients, arterial stiffness has
been associated with all-cause and cardiovascular mortality
[8], but this finding is not universal [9]. One of the KDIGO
Imaging Work Group research questions is the evaluation of
the relationship between the radiological vascular calcifica-
tion assessment and the measurement of vascular stiffness
by pulse wave velocity (PWV) and pulse pressure (PP) [7].
Vascular calcifications evaluated by ultrasonography [10]
and by plain X-ray [11] have already been associated with
arterial stiffness in dialysis patients. We developed a sim-
ple vascular calcification score (SVCS) evaluated in plain
X-ray of pelvis and hands that was a predictor of cardio-
vascular mortality and was associated with higher risk of
coronary disease, peripheral artery disease and cardiovas-
cular hospitalizations [12]. The objective of this study was
to evaluate the relationship of this SVCS with PWV and
PP and to evaluate the association of vascular calcifica-
tion and arterial stiffness with all-cause mortality in our
patients.

Study design

This study was a cross-sectional analysis performed in a
group of prevalent haemodialysis (HD) patients to evaluate
the relationship between a SVCS evaluated in plain X-ray
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with PWV and PP. This group of patients was followed
prospectively during a period of 43 months for evaluation
of the impact of vascular calcifications and arterial stiffness
in all-cause mortality.

Population

One hundred and one patients (71 men and 30 women),
treated with HD for at least 6 months, with a mean age of
58.8 ± 15.5 (26–89) years and mean HD duration of 55.8 ±
54.8 (6–289) months, from a single HD unit, accepted to
participate in this study that was approved by the institu-
tional scientific board; 19 patients (18.8%) were diabetic.
In the 6 months before PWV evaluation, 89 and 41 patients
were treated with calcium carbonate and calcitriol, respec-
tively. The mean calcium carbonate and calcitriol prescribed
doses in these patients were 2.5 ± 1.3 [1–8] g/day and 1.1 ±
0.6 [0.25–3] µg/week, respectively. Oral or intravenous cal-
citriol was administered in 25 and 16 patients, respectively.
No patients received sevelamer or cinacalcet as they were
not available at the time of the study; 71 patients received
anti-hypertensive treatment (one single medication in 25
patients and two different medications in 46 patients). At
baseline, diagnosis of vascular disease was based on a query
answered by the attending physicians, concerning previous
clinical manifestations and test results, according to the
usual standard of care. Coronary artery disease was diag-
nosed if the patient had a positive stress test, had suffered
a myocardial infarction or had been submitted to a percu-
taneous coronary intervention or coronary bypass surgery.
Diagnosis of cerebral vascular disease was based on the
occurrence of stroke or transient ischaemic attack or the
detection of an old cerebral infarction in computed tomog-
raphy. Peripheral arterial disease was diagnosed if there
was claudication, ischaemic ulcers, lower limb amputation,
revascularization or diagnosis of obstruction by Doppler
or angiography. Coronary artery disease was diagnosed in
20 patients (19.8%), peripheral artery disease was present
in 16 patients (15.8%) and cerebral vascular disease was
identified in 4 patients (4%). During a period of 43 months,
31 patients died and 8 patients received a kidney transplant.
No patient was lost for follow-up.

Vascular calcifications and arterial stiffness

Vascular calcifications were evaluated at baseline by a sin-
gle observer blind to clinical data, in plain X-ray of pelvis
and hands by a method previously described in detail [12].
Pelvis films were divided into four sections by two imag-
inary lines: a horizontal line over the upper limit of both
femoral heads and a median vertical line over the verte-
bral column. Hands films were divided for each hand by
a horizontal line over the upper limit of the metacarpal
bones. Pelvis films evaluated iliac and femoral arteries
(ileo-femoral score) and hands films evaluated radial and
digital arteries (hands score). Any vascular calcification
lining the vessel walls, either in an irregular pattern or in
a linear pattern, was considered. The presence of vascular
calcifications in each section was rated as 1 and its absence
as 0. The total vascular calcification score was the sum of

all sections and ranged from 0 to 8. Arterial stiffness was
evaluated by PWV and by PP. PWV was evaluated twice, at
baseline, 24 h after a HD session, using a non-invasive auto-
mated device, Complior. Complior measures the propaga-
tion of the same individual pulse wave between two arterial
points. The proximal and distal sensors were located in the
carotid and femoral arteries, respectively. The velocity of
the pulse wave is calculated with the formula distance/time,
where the distance corresponds to the distance between the
suprasternal notch and the femoral artery pulse at the groin,
and the time corresponds to the time that takes a pulse wave
that originates in the heart to reach the femoral artery. The
Complior software calculates the velocity of conduction.
PP was evaluated by the formula (systolic blood pressure −
diastolic blood pressure). The mean values of PP were time
averaged for the 6-month period preceding PWV evalua-
tion, corresponding to the mid-week HD session in the day
of the monthly blood sample collection. PP was calculated
from the predialysis evaluation of blood pressure.

Biochemical analysis

Mid-week Kt/V and predialysis serum levels of the follow-
ing biochemical parameters were evaluated and time aver-
aged for the 6 months preceding the evaluation of PWV.
Kt/V, Ca, P, Ca × P product, alkaline phosphatase, albumin
and C-reactive protein (CRP) were evaluated every month.
Ca levels were adjusted to albumin levels. Total intact iPTH
(iPTH) was evaluated every 3 months by immunochemilu-
minescence (three evaluations per patient) using a second
generation assay, Elecsys 2010 from Roche Diagnostics,
Basel, Switzerland. CRP was evaluated with an immunotur-
bidimetric assay. Total cholesterol, HDL cholesterol, LDL
cholesterol and triglycerides were evaluated twice.

Statistical analysis

Data are presented as frequencies for categorical variables
and mean values with SD for continuous variables. Com-
parison between groups was performed by the indepen-
dent samples t-test, chi-square and Fisher exact test when
appropriate. Correlation was performed using the Pearson
correlation coefficient. Survival curves were estimated by
Kaplan–Meier analysis and compared by the log-rank test.
A Cox regression model was used to identify predictors
of mortality. Variables in this model, besides the vascular
calcification score, PWV and PP, were age, HD duration,
diabetes, presence of previous vascular disease, body mass
index (BMI), systolic pressure and calcitriol and calcium
carbonate doses. Separate Cox regression models using the
enter method were applied to evaluate the adjusted hazard
ratio mortality of vascular calcification score, PWV and
PP. Independent association of vascular calcification with
PWV and with PP was evaluated in linear regression models
adjusting for age, HD duration, diabetes, cholesterol levels,
systolic pressure, BMI, and calcitriol and calcium carbon-
ate doses. The absence of collinearity among explanatory
factors was checked in all models based on standard pro-
cedures. The receiver operating characteristic (ROC) curve
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Table 1. Demographic, biochemical and clinical factors

All patients Pulse wave velocity (m/s) Pulse pressure (mmHg) Plain X-ray score

≤10.5 >10.5 ≤70 >70 ≤3 >3

N (%) 101 61 (60%) 40 (40%) 68 (67%) 33 (33%) 42 (42%) 58 (58%)
Age (years) 58.9 ± 15.5 53.1 ± 15.2 67.6 ± 11.3∗∗ 56.2 ± 15.8 64.3 ± 13.6∗ 51.1 ± 15.9 64.4 ± 12.7∗∗
Male gender

(N, %)
71 (70%) 45(74%) 26 (65%) 47 (69%) 24 (73%) 27 (64%) 44 (75%)

Diabetes (N, %) 19 (19%) 6 (10%) 13 (33%)∗ 8 (12%) 11 (33%)∗ 3 (7%) 16 (27%)∗
HD duration

(months)
55.8 ± 54.8 56.7 ± 59.0 57.4 ± 45.6 54.2 ± 51.8 62.7 ± 58.3 47.8 ± 48.6 63.5 ± 56.8

Systolic pressure
(mmHg)

145.1 ± 25.7 141.3 ± 24.4 151.0 ± 26.8 133.3 ± 19.8 169.4 ± 18.5∗∗ 136.521.4 151.3 ± 26.9∗∗

Diastolic pressure
(mmHg)

82.7 ± 13.7 84.2 ± 14.9 80.6 ± 11.5 81.0 ± 14.0 86.3 ± 12.5 82.2 ± 13.7 83.1 ± 13.8

Mean arterial
pressure
(mmHg)

103.5 ± 16.3 103.2 ± 17.1 104.0 ± 15.1 98.5 ± 15.3 114.0 ± 13.1∗∗ 100.3 ± 15.5 105.8 ± 16.6

Ca (mg/dL) 9.3 ± 0.9 9.3 ± 0.9 9.4 ± 0.8 9.2 ± 0.9 9.5 ± 0.8 9.2 ± 1.0 9.4 ± 0.7
P (mg/dL) 5.2 ± 1.4 5.4 ± 1.3 4.9 ± 1.5 5.4 ± 1.4 4.9 ± 1.4 5.4 ± 1.2 5.1 ± 1.5
iPTH (pg/mL) 476.4 ± 442 526.2 ± 483.7 400.3 ± 362.2 495.7 ± 441.9 436.4 ± 446.5 452.5 ± 394.3 493.3 ± 475.7
Total cholesterol
(mg/dL)

203.4 ± 49.3 201.6 ± 49.8 206.4 ± 49.1 208.4 ± 50.0 192.0 ± 46.7 207.449.5 200.6 ± 49.4

Albumin (g/dL) 4.4 ± 0.6 4.4 ± 0.7 4.3 ± 0.4 4.4 ± 0.6 4.4 ± 0.4 4.4 ± 0.7 4.4 ± 0.4
CRP (mg/dL) 1.28 ± 0.6 1.23 ± 0.3 1.35 ± 0.8 1.25 ± 0.2 1.33 ± 0.9 1.25 ± 0.36 1.31 ± 0.7
Kt/V 1.41 ± 0.2 1.43 ± 0.2 1.38 ± 0.2 1.40 ± 0.2 1.41 ± 0.1 1.43 ± 0.2 1.38 ± 0.2
Body mass index

(Kg/cm2)
24.2 ± 4.8 24.1 ± 5.2 22.9 ± 3.9 24.8 ± 5.1 23.1 ± 4.0 24.9 ± 5.7 23.7 ± 4.1

Ca dose (g/day) 2.45 ± 1.31 2.47 ± 1.22 2.41 ± 1.49 2.33 ± 1.16 2.72 ± 1.61 2.52 ± 1.55 2.39 ± 1.13
Calcitriol dose
(µg/week)

1.14 ± 0.6 1.13 ± 0.66 1.15 ± 0.52 1.14 ± 0.65 1.13 ± 0.53 1.17 ± 0.74 1.12 ± 0.53

Anti-HTA drugs
(≥2) (N, %)

46 (46%) 26 (43%) 20 (50%) 20 (29%) 26 (79%)∗∗ 12 (29%) 34 (74%)∗∗

CAD (N, %) 20 (20%) 7 (12%) 13 (33%)∗ 12 (18%) 8 (24%) 7 (17%) 13 (22%)
PAD (N, %) 16 (16%) 4 (7%) 12 (30%)∗ 4 (6%) 12 (36%)∗∗ 2 (5%) 14 (24%)∗
Vascular disease

(N, %)
32 (32%) 11 (18%) 21 (53%)∗∗ 16 (24%) 16 (49%)∗ 8 (19%) 24 (41%)∗

All-cause death
(N, %)

31 (31%) 10 (16%) 21 (53%)∗∗ 14 (20%) 17 (52%)∗∗ 5 (12%) 26 (44%)∗∗

CRP = C-reactive protein; CAD = coronary artery disease; PAD = peripheral artery disease.
∗P < 0.05; ∗∗P < 0.01.

analysis allowed the identification of the best cut-off val-
ues in relation with all-cause mortality for plain X-ray score
(SVCS >3), PWV (>10.5 m/s) and PP (>70 mmHg). These
cut-off values were used to compare groups in univariate
analysis and to compare survival.

Statistical analyses were performed with the SPSS sys-
tem 15.0 (SPSS Inc., Chicago, IL, USA) and with the Med-
calc 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 and univariate analysis

In this group of 101 patients, vascular calcifications were
present in 77 patients. A SVCS > 3, a PWV > 10.5 m/s
and a PP > 70 mmHg were observed in 59, 42 and 33 pa-
tients, respectively. In univariate analysis (Table 1), higher
PWV, higher PP and higher vascular calcification score
were associated with older age and with higher prevalence

Fig. 1. A simple vascular calcification score >3 was associated with
higher pulse wave velocity and with higher pulse pressure.

of diabetes, vascular disease and all-cause mortality. The
calcium carbonate dose was correlated with systolic pres-
sure (r = 0.277; P = 0.005) and with PP (r = 0.226; P =
0.023). Patients with SVCS > 3, when compared with pa-
tients with SVCS ≤ 3, had a higher PWV (11.2 ± 1.9 versus
9.3 ± 1.5 m/s; P < 0.001) and a higher PP (68.2 ± 20.4
versus 54.3 ± 13 mmHg, P < 0.001) (Figure 1).
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Table 2. Vascular calcification and arterial stiffness (linear regression)

Dependent variable Independent variables B CI Significance R2

Age 0.055 0.032–0.079 <0.001
Pulse wave velocity (all patients) Systolic pressure 0.021 0.007–0.035 0.004 0.424

SVCS >3 0.845 0.074–1.615 0.032

Diabetes 10.102 0.926–19.278 0.031
Pulse pressure (all patients) Calcium carbonate (g/day) 3.281 0.844–5.719 0.009 0.268

SVCS >3 10.103 2.315–17.890 0.012

SVCS = simple vascular calcification score; PP = pulse pressure; PWV = pulse wave velocity.

Fig. 2. ROC curves of simple vascular calcification score, pulse wave
velocity and pulse pressure in relation with all-cause mortality.

Factors independently associated with PWV and with PP

In all patients, using linear regression with the enter method
and adjusting for multiple factors (Table 2), a higher vas-
cular calcification score was directly associated with PWV
(P = 0.032) and with PP (P = 0.012). Other factors ex-
plaining PWV were age (P < 0.001) and systolic pressure
(P = 0.004). Diabetes (P = 0.031) and calcium carbonate
dose (P = 0.009) were directly associated with PP.

ROC curve analysis of mortality

During a 43-month observational period, 31 (30.7%) pa-
tients died. All-cause mortality was associated with a SVCS
>3 (AUC = 0.701; 95% CI [0.602–0.788]; 84% sensitiv-
ity, 53% specificity, 88% negative predictive value and 1.78
positive likelihood ratio), with a PWV >10.5 m/s (AUC =
0.738; 95% CI [0.641–0.820]; 71% sensitivity, 69% speci-
ficity, 85% negative predictive value and 2.26 positive like-
lihood ratio) and with a PP >70 mmHg (AUC = 0.640;
95% CI [0.539–0.733]; 48% sensitivity, 81% specificity,
78% negative predictive value and 2.61 positive likelihood
ratio) (Figure 2). There was no difference in the AUC be-
tween ROC curves.

Cumulative survival and all-cause mortality risk

Lower cumulative survival (Figure 3) was observed in pa-
tients with a SVCS >3 (32.7 versus 40.8 months; log

rank = 10.8; P = 0.001), with a PP >70 mmHg (30.9
versus 38.8 months; log rank = 10.8; P = 0.001) and with
a PWV >10.5 m/s (31.3 versus 39.3; log rank = 13.3;
P < 0.001). In diabetic patients, higher PWV was not as-
sociated with higher mortality: 4 deaths in 6 patients with
PWV ≤10.5 m/s (67%) versus 8 deaths in 13 patients with
PWV >10.5 m/s (62%). In Cox regression analysis, using
the enter method (Table 3), the mortality-adjusted hazard
ratio was 3.308 (P = 0.032) for SVCS >3, 3.227 (P =
0.031) for PP > 70 mmHg in all patients and was 2.981
(P = 0.047) for PWV >10.5 m/s in non-diabetic patients.
Entering vascular calcification score, PWV and PP in the
same model and using the enter method, SVCS > 3 (HR =
4.247, P = 0.015), PP > 70 mmHg (HR = 3.795, P =
0.031), lower BMI (HR = 0.856, P = 0.017) and vascular
disease at baseline (HR = 2.551, P = 0.047) were associ-
ated with mortality (Table 4).

Discussion

In general population, it was demonstrated that, in patients
older than 60 years of age, higher PP was associated with
higher cardiovascular risk [13]. In dialysis patients it was
demonstrated that a higher PP evaluated before or after HD
was associated with higher mortality in non-diabetic pa-
tients [14] or in all patients [15] and that higher aortic PWV
was associated with mortality [8]. Vascular calcifications,
evaluated by different methodologies [3–6,12], have been
associated with mortality in dialysis patients. In this study,
we tried to answer one of the research questions suggested
by the KDIGO Imaging Work Group: the evaluation of the
relationship between the radiological vascular calcification
assessment and the measurement of vascular stiffness by
PWV and by PP [7]. Vascular calcifications evaluated by ul-
trasonography have already been associated with increased
stiffness of large elastic-type arteries [10]. The Kauppila
score, [16] evaluating calcifications in the abdominal aorta,
which is an elastic artery, was the first plain X-ray calcifica-
tion score to be correlated with arterial stiffness, evaluated
by carotid-femoral PWV [11]. In this study, we used a SVCS
evaluated in plain X-ray of pelvis and hands that has been
previously associated with higher cardiovascular mortal-
ity, cardiovascular disease and cardiovascular hospitaliza-
tions [12]. We verified that this score, although evaluating
only muscular arteries, was associated both with carotid-
femoral PWV and with PP. In the same dialysis population,
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Table 3. Adjusted hazard ratio of all-cause mortality (Cox regression)

Independent variables B HR CI Significance

All patients SVCS >3 1.196 3.308 1.109–9.863 0.032
All patients PP >70 mmHg 1.171 3.227 1.114–9.347 0.031
Non-diabetic patients PWV >10.5 m/s 1.092 2.981 1.013–8.775 0.047

SVCS = simple vascular calcification score; PP = pulse pressure; PWV = pulse wave velocity; HR = adjusted hazard ratio.

Table 4. Predictors of all-cause mortality (Cox regression)

Dependent variable Independent variables B HR CI Significance

All-cause mortality (all patients) Age 0.004 1.004 0.966–1.044 0.824
HD duration (months) 0.000 0.999 0.992–1.006 0.805
Diabetes 0.348 1.416 0.508–3.948 0.506
Vascular disease at baseline 0.936 2.551 1.014–6.419 0.047
Systolic pressure (mmHg) −0.022 0.978 0.955–1.002 0.077
Body mass index (kg/cm2) −0.156 0.856 0.753–0.972 0.017
Calcium carbonate (g/day) −0.100 0.905 0.651–1.259 0.554
Calcitriol (µg/week) −0.161 0.851 0.455–1.594 0.615
SVCS >3 1.446 4.247 1.319–13.673 0.015
PP >70 mmHg 1.334 3.795 1.132–12.722 0.031
PWV >10.5 m/s −0.026 0.974 0.367–2.589 0.958

SVCS = simple vascular calcification score; PP = pulse pressure; PWV = pulse wave velocity; HR = adjusted hazard ratio.

Fig. 3. A simple vascular calcification score >3, a pulse wave velocity >10.5 m/s and a pulse pressure >70 mmHg were associated with lower survival.

higher vascular calcification score, higher PWV and higher
PP were associated with mortality with comparable hazard
ratios and with similar AUC in ROC curve analysis. In
our study, PWV was an independent predictor of mortality
only in non-diabetic patients, probably because, in diabetic
patients, mortality was equally high with higher or lower
PWV. In a study evaluating a large cohort of HD patients,
Tozawa et al. [14] observed that PP was also a predictor
of mortality only in non-diabetic patients. Covic et al. [9]
verified an opposite situation: in a group of young HD
patients with a low prevalence of cardiovascular disease,
arterial stiffness evaluated by the augmentation index was
not a predictor of mortality. PWV evaluation requires a spe-
cific device and is not widely available. In our study, simple
and inexpensive methods such as the evaluation of PP or
the assessment of the SVCS with plain X-ray were enough
to detect higher cardiovascular risk. Diagnosis of arterial
stiffness and vascular calcification has the advantage of
also providing important information that can be used for

guiding therapeutic intervention in dialysis patients. Identi-
fication of patients with higher PP may orientate the choice
of anti-hypertensive treatment with special indication for
inhibition of the renin–angiotensin axis and avoidance of
inappropriate reduction of diastolic blood pressure that may
threaten coronary reserve [17]. At the present time, it also
seems possible to interfere in some factors associated with
the development of vascular calcifications. Some studies
in dialysis patients have already demonstrated that vascular
calcifications may progress or remain stable depending on
the control of mineral metabolism alterations [5,18] and that
phosphate binder choice may have an impact on mortality
[5]. London et al. showed an association between vascular
calcifications and low bone turnover [19] and found a sig-
nificant interaction between calcium-containing phosphate
binders and aortic calcification and stiffness in the presence
of adynamic bone disease [20]. The presence or extension of
vascular calcifications may be an indication for an intensive
hyperphosphataemia control, for an adequate choice of
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phosphate binder and for avoidance of PTH oversuppres-
sion. In several studies, association of a calcium carbonate
dose with vascular calcifications [3–5,18,20,21] and with
PWV [8,20] has already been described and in our patients
we have also verified a correlation between the calcium
carbonate dose and PP. We have not verified any associ-
ation between calcium carbonate and calcitriol treatment
with survival.

Different methods can be used to evaluate vascular calci-
fications in dialysis patients. Electron beam computed to-
mography and multislice computed tomography are consid-
ered to be the gold standard for the evaluation of coronary
calcifications. They perform a quantitative assessment of
coronary calcification that permits the evaluation of calcifi-
cation progression but are very expensive. Screening vascu-
lar calcifications in dialysis patients may be performed by
different and inexpensive plain X-ray methods [4,11,12,22]
that have the advantage of being easily interpreted by the
attending physician. The SVCS and Kauppila score are
semi-quantitative scores with cut-off values associated with
higher cardiovascular risk. A cardiovascular calcification
index using the Kauppila score and valvular calcification
evaluated by echocardiography has been demonstrated to
be associated with coronary calcification in HD patients
[23]. Simpler methods to evaluate vascular calcifications
seem to be an attractive option but the final choice would
depend on the available tests and on the preference of the
nephrologist.

In summary, a SVCS evaluated in plain X-ray and PP
were associated with higher mortality in dialysis patients.
PWV was associated with higher mortality in non-diabetic
patients. In this study, we demonstrate that a SVCS evalu-
ated in plain X-ray of pelvis and hands is associated with the
arterial stiffness evaluated by PWV and PP. Identification of
vascular calcifications in dialysis patients is included in the
classification of CKD-MBD, and simple and inexpensive
plain X-ray methods are available for that purpose. Arterial
stiffness or the presence of vascular calcifications are an
alert sign for an increased mortality risk, and this informa-
tion may be relevant for guiding therapeutic intervention
in dialysis patients, such as selecting the most adequate
anti-hypertensive regimen or achieving an effective min-
eral metabolism management.
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20. London GM, Marchais SJ, Gérin AP et al. Association of bone activity,
calcium load, aortic stiffness, and calcifications in ESRD. J Am Soc
Nephrol 2008; 19(9): 1827–1835

21. Goodman WG, Goldin J, Kuizon BD et al. Coronary-artery calcifica-
tion in young adults with end-stage renal disease who are undergoing
dialysis. N Engl J Med 2000; 342: 1478–1483

22. Okuno S, Maeno Y, Maekawa K et al. Presence of abdominal aortic
calcification is significantly associated with all-cause and cardiovas-
cular mortality in maintenance hemodialysis patients. Am J Kidney
Dis 2007; 49: 417–425

23. Muntner P, Ferramosca E, Bellasi A et al. Development of a cardiovas-
cular calcification index using simple imaging tools in haemodialysis
patients. Nephrol Dial Transplant 2007; 22: 508–514

Received for publication: 10.7.08
Accepted in revised form: 24.9.08


