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Abdominal aortic calcification score among several vascular calcification
scores of plain radiograph is the most reliable predictor of severe coronary
artery calcification in dialysis patients

Su Mi Lee�, Hye Won Lee�, Young Ki Son, Seong Eun Kim and Won Suk An

Department of Internal Medicine, Dong-A University, Busan, Republic of Korea

ABSTRACT
Aim: Coronary artery calcification (CAC) score on computed tomography (CT) or vascular calci-
fication (VC) scores on plain radiographs are associated with cardiovascular events and frac-
ture. We investigated which VC score among several VC scores on plain radiographs is
predictor of CAC, and whether VC scores are related with bone mineral density (BMD) in dia-
lysis patients.
Methods: We checked several plain radiographs (hands and pelvis [HP], feet and lateral lumbar
spine), BMD and multidetector CT scans of 55 patients maintaining dialysis in this cross-sectional
study. We analyzed data to find predictors for severe CAC which was defined as CAC scores
>400 on CT.
Results: Patients with severe CAC on CT had a higher proportion of abdominal aortic calcification
(AAC) score �5, HP score �3 and feet �1 than those without severe CAC. The CAC score on CT
was positively correlated with all VC scores on plain radiographs. The AAC and CAC scores were
negatively correlated with T-scores for the BMD at the forearm and positively correlated with
osteoprotegerin levels. Among several VC scores on plain radiographs, the AAC �5 were inde-
pendently associated with severe CAC on CT.
Conclusions: Several plain radiographs evaluating VC scores, including a lateral lumbar spine
view at the very least, can replace CT checking CAC score in dialysis patients. The AAC score �5
may not only reveal severe CAC but also give a hint of low bone mass at the forearm.
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Introduction

Patients on dialysis are at particularly high risk for
death, and cardiac disease is the major cause of
death. Vascular calcification (VC) in dialysis patients is
significantly associated with an increase in cardiovas-
cular morbidity and mortality. A strong correlation
between the coronary artery calcification (CAC) score
on computed tomography (CT) and coronary artery
disease (CAD) has been shown in several studies, but
radiation exposure and cost still pose a problem [1,2].
Plain radiography is relatively cheap and offers a sim-
ple method for evaluating VC. Previous studies have
reported that VC scores on plain radiographs are asso-
ciated with cardiac events in dialysis patients [3–7]. It
has also been illustrated that high or meaningful VC
scores on plain radiographs may act as a predictor of
cardiac calcification or stenosis before coronary

angiography in dialysis patients [8]. One previous
study showed that the abdominal aortic calcification
(AAC) score on plain radiographs had a very good
correlation with the identification of CAC on CT [9].
The other study also showed that both lateral abdom-
inal and pelvic plain radiographs are acceptable alter-
natives to CT in evaluating VC [10]. However, no
study has investigated which VC score among several
VC scores on plain radiographs is useful predictor for
CAC on CT.

Bone mineral density (BMD) using dual X-ray absorp-
tiometry (DEXA) is a useful method for evaluating bone
mass [11–13]. Low BMD frequently occurs in dialysis
patients, and it increases the risk of fracture [14,15]. VC
of superficial femoral arteries on CT has been inversely
correlated with the femoral T-score for BMD in patients
with chronic kidney disease (CKD) [11]. The AAC on
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plain radiographs was definitely related with a low
BMD in a population without CKD [16]. However, no
study has estimated whether the VC score on plain
radiographs are correlated with the T-score for BMD in
dialysis patients.

Here, we examined which VC score among several
VC scores on plain radiographs was the most reliable
predictor of CAC on CT in dialysis patients. We also
investigated whether VC scores on plain radiographs
were related with the T-score on BMD.

Methods

Study design and patients

We conducted a cross-sectional study at the Dong-A
University Dialysis Center from March 2013 to
September 2014. Patients who had been receiving dia-
lysis for at least 6months and who were over 20 years
of age were enrolled. The exclusion criteria were as fol-
lows: patients with a history of dialysis modality
change, a history of active infection within the past
3months or a history of kidney transplantation.
Enrolled patients were first assessed using plain radio-
graphs (including the hands and pelvis [HP], feet and
lateral lumbar spine views), BMD using DEXA and multi-
detector CT (MDCT). Hemodialysis (HD) patients
received bicarbonate-based dialysate and polysulfone
dialyzers (Fresenius, Bad Homburg, Germany) three
times weekly. Peritoneal dialysis (PD) patients received
four exchanges per day using a standard regimen
(8 L/d).

Laboratory measurements

Routine laboratory tests using fasting blood samples
were performed before dialysis. Serum levels of
hemoglobin, glucose, blood urea nitrogen, creatinine,
albumin, calcium, phosphorus, alkaline phosphatase
(ALP), C-reactive protein, parathyroid hormone (PTH),
total cholesterol, triglycerides, high-density lipoprotein
cholesterol and low-density lipoprotein cholesterol
were analyzed. Serum 25-hydroxyvitamin D and 1,25-
dihydroxyvitamin D levels were assessed using a
radioimmunoassay kit (DiaSorin Inc., Stillwater, MN).
Fetuin-A, osteoprotegerin (OPG) and receptor activator
of nuclear factor-jB ligand (RANKL) levels were ana-
lyzed with enzyme-linked immunosorbent assay
(ELISA, BioVendor Laboratory Medicine, Modrice,
Czech Republic). We additionally measured fibroblast
growth factor 23 (FGF-23) levels using a Millipore
FGF23 ELISA Kit (Millipore Co., Billerica, MA).

Vascular calcification score on plain radiographs

Plain radiographs of the lateral lumbar spine view for
AAC, HP and the feet were evaluated. The VC scores
were estimated using previously reported methods
[3,4,17,18]. A meaningful VC score was defined as fol-
lowing criteria: AAC score �5; HP score �3; and the
presence of arterial media calcification on the feet [3–6].
The VC scores were individually determined by two
nephrologists, and a consensus was reached on the
interpretation of all radiographs.

Coronary artery calcification score on
multidetector computed tomography

A 320-detector-row scanner (Aquilion ONE, Toshiba
Medical Systems, Otawara, Japan) was used to evaluate
the CAC score of each lesion; the left main, left anterior
descending, left circumflex and right coronary arteries
were calculated with the Agatston method. A radiolo-
gist who was blinded to the participant’s age, sex
and name performed the scoring of the CAC. The
total Agatston scores (TAS)> 400 was defined as severe
CAC [19].

Bone mineral density

BMD was measured at the lumbar spine (L1–L4), the hip
at the femur neck and the total hip, and the forearm at
the radius and ulna by means of DEXA using a
Discovery W scanner (Hologic Inc., Waltham, MA). BMD
results were obtained as T-score; a T-score is the num-
ber of SDs from the mean of a healthy young adult
population (20–40 years old). Osteoporosis was defined
as a BMD that was 2.5 SD or more below the normal
level for healthy young adults.

Statistical analysis

Data were expressed as mean± SD and medians
(interquartile ranges), depending on the variable
distribution, and Student’s t-test and Mann–Whitney
U-test were analyzed as appropriate. Categorical
variables were expressed as frequency, and the Chi-
squared test was used for comparison. Pearson’s
correlation coefficient was applied to identify the
correlation between the degree of CAC on CT and
any related parameters. The area under the receiver
operating characteristic (ROC) curve (AUC) was used
for the prediction of diagnostic performance of VC
scores. Univariate regression analysis was conducted
to identify whether CAC on CT was related to several
VC scores on plain radiographs. To evaluate the
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factors independently associated with the degree of
CAC on CT, multivariate logistic regression analysis
was performed. A p values <.05 was considered to
be statistically significant. All statistical calculations
were performed using the Statistical Package for
the Social Sciences (SPSS) version 18.0 (SPSS Inc.,
Chicago, IL).

Results

Clinical characteristics in accordance with severe
CAC

Fifty-five dialysis patients were enrolled in the study.
The baseline characteristics of these participants are
shown in Table 1. The mean age was 58.3 ± 10.4 years,
and 24 patients (43.6%) were male. Out of all the
patients, 35 (63.6%) received HD and the remaining
20 (36.4%) received PD.

We classified patients into two groups in accordance
with the degree of CAC: patients with severe CAC (TAS
>400) or those without severe CAC (Table 1). The pro-
portions of patients with AAC score �5, HP score �3
and the presence of feet calcification were significantly
higher for those with severe CAC than those without
severe CAC. Among several bone markers, the OPG and
ALP levels were significantly higher in patients with
severe CAC than in those without severe CAC. However,

no significant differences in the laboratory findings,
including PTH, fetuin-A, FGF-23 and RANKL, were found
between the two groups.

We identified the diagnostic performance of the
AAC and HP scores for the prediction of severe CAC
on CT using ROC analysis. The AUCs for the AAC and
HP scores were 0.815 (95% confidence interval
[95% CI]¼ 0.694–0.936, p< .001) and 0.798 (95%
CI¼ 0.684–0.921, p< .001), respectively. The VC scores
of the AAC �5 predicted severe CAC on CT with 82.5%
sensitivity and 65.0% specificity and HP �3 predicted
severe CAC on CT with and 72.9% sensitivity and 68.6%
specificity.

Association between VC scores on plain
radiographs and T-score on BMD

We compared the mean T-score on BMD according to
the sites where it was assessed (Figure 1). The mean
T-score for BMD measured at the forearm were rela-
tively lower than that for the BMD assessed at the
femur neck, total hip or lumbar spine (�2.8 ± 1.4,
�1.7 ± 1.0, �1.0 ± 0.9 and �0.7 ± 1.8, respectively).
T-score for the BMD measurements taken at the fore-
arm, total hip and femur neck in those with an AAC
score �5 were significantly lower as compared with
patients with an AAC score <5; however, there were no

Table 1. Comparison of clinical characteristics in accordance with the degree of coronary artery calcification
score on computed tomography.
Characteristics Total (n¼ 55) CACS <400 (n¼ 35) CACS >400 (n¼ 20) p value

Age (years) 58.3 ± 10.4 56.2 ± 11.3 62.0 ± 7.3 .045
Male, n (%) 24 (43.6) 15 (42.9) 9 (45.0) .877
HD (vs. PD), n (%) 35 (63.6) 22 (62.9) 13 (65.0) .874
Duration (months), n (%) 51.1 ± 37.9 43.0 ± 33.1 65.2 ± 42.4 .036
Diabetes mellitus, n (%) 29 (52.7) 15 (42.9) 14 (70.0) .052
Body mass index (kg/m2) 23.0 ± 3.3 23.2 ± 3.2 22.6 ± 3.5 .561

Calcification scores on plain radiograph, n (%)
Abdominal aorta �5, n (%) 28 (50.9) 11 (31.4) 17 (85.0) <.001
Hands and pelvis �3, n (%) 29 (52.7) 14 (40.0) 15 (75.0) .012
Feet �1, n (%) 28 (50.9) 14 (40.0) 14 (70.0) .032

Total Agatston score� 255 (81–1172) 96 (7–216) 1832 (1112–2487) <.001
Calcium (mg/dL) 9.0 ± 0.7 8.9 ± 0.8 9.2 ± 0.6 .156
Phosphorus (mg/dL) 5.5 ± 1.5 5.5 ± 1.5 5.5 ± 1.7 .954
Alkaline phosphatase (IU/L) 285.2 ± 122.2 260.8 ± 107.8 327.8 ± 136.5 .050
C-reactive protein (mg/dL) 0.4 ± 0.9 0.4 ± 1.1 0.4 ± 0.4 .869
Total cholesterol (mg/dL) 158.2 ± 33.6 160.8 ± 32.1 153.6 ± 36.4 .450
Triglyceride (mg/dL) 141.2 ± 76.2 135.1 ± 69.6 151.8 ± 87.4 .441
HDL (mg/dL) 42.7 ± 11.1 44.9 ± 11.0 38.9 ± 10.5 .054
LDL (mg/dL) 94.2 ± 29.4 96.0 ± 28.5 91.0 ± 31.5 .551
PTH (pg/mL) 350.7 ± 224.4 326.1 ± 197.8 393.6 ± 264.7 .288
1,25(OH)2D (pg/mL) 21.8 ± 10.0 22.1 ± 9.9 21.2 ± 10.4 .763
25(OH)D (ng/mL) 13.3 ± 6.4 13.6 ± 6.2 12.6 ± 6.9 .590
Fetuin-A (lg/mL) 209.3 ± 50.9 208.5 ± 53.9 210.7 ± 46.3 .896
FGF-23 (pg/mL)� 1683 (360–2894) 1045 (214–2807) 2677 (1612–3812) .112
Osteoprotegerin (pmol/L) 22.7 ± 8.6 20.5 ± 7.9 26.9 ± 8.4 .018
RANKL (pmol/L)� 263.1 (138.7–404.3) 322 (134–436) 215 (139–329) .414

HD: hemodialysis; PD: peritoneal dialysis; HDL: high-density lipoprotein cholesterol; LDL: low-density lipoprotein cholesterol;
PTH: parathyroid hormone; 1,25(OH)2D: 1,25-dihydroxyvitamin D; 25(OH)D: 25-hydroxyvitamin D; FGF-23: fibroblast growth
factor 23; RANKL: receptor activator of nuclear factor-jB ligand; CACS: coronary artery calcification score.�Data are expressed as median (interquartile range) and the Mann–Whitney U-test was used for comparison.
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significant differences in T-score for the BMD of the
lumbar spine in the two groups (Table 2). There were
also no significant differences in T-score of the BMD
assessed at the forearm, total hip, femur neck and lum-
bar spine between the VC score of the HP �3 and <3
groups. In patients with arterial media calcification of
the feet, T-score of the BMD taken at the femur neck
and the lumbar spine were significantly higher than
those in the other group.

Thirty-three (60.0%) patients showed osteoporosis in
the forearm. We identified the diagnostic performance
of AAC for the prediction of osteoporosis in the fore-
arm. The AUCs for the AAC score were 0.668 (95%
CI¼ 0.529–0.808, p¼ .028). A VC score that was AAC �5
predicted osteoporosis in the forearm with 59.8% sensi-
tivity and 68.8% specificity.

Correlation between the AAC score on plain
radiographs or CAC score on CT and related
parameters

A significant correlation was observed between the
degree of AAC on plain radiographs or CAC on CT and
related parameters (Table 3). The AAC score was signifi-
cantly correlated with age, dialysis vintage, HP score,
T-score for the BMD at the forearm, FGF-23 level and
OPG level. However, there was no significant correlation

between the T-score of the BMD for the total hip, femur
neck and lumbar spine and the AAC score.

The CAC score on CT was positively correlated with
age, dialysis vintage, OPG level and VC scores on plain
radiographs, such as AAC, HP and feet. In addition,
the T-score for the BMD measured at the forearm had a
significantly negative association with the presence of
CAC on CT, but this finding was not observed for the
T-score of the BMD measured at the total hip, femur
neck or lumbar spine. A significant correlation between
the CACs on CT and several bone markers other
than OPG, such as FGF-23, fetuin-A and RANKL, was not
observed.

Independent factors associated with severe CAC
on CT

Upon univariate regression analysis, dialysis vintage,
OPG level, AAC �5, HP �3 and feet �1 were associated
with severe CAC on CT. To confirm the predictors for
severe CAC seen on CT, we performed multiple logistic

Table 2. Comparison of t-score on sites of BMD measurement in accordance with vascular calcification on plain radiographs.
T-score on BMD AAC <5 AAC �5 p value HP <3 HP �3 p value Feet <1 Feet �1 p value

Forearm �2.3 ± 1.2 �3.3 ± 1.4 .004 �2.8 ± 1.1 �2.8 ± 1.6 .978 �3.1 ± 1.1 �2.5 ± 1.5 .057
Total hip �0.7 ± 0.8 �1.3 ± 1.0 .024 �1.0 ± 0.8 �1.0 ± 1.0 .806 �1.2 ± 0.7 �1.2 ± 0.7 .173
Femur neck �1.4 ± 0.9 �2.1 ± 1.0 .009 �1.6 ± 0.9 �1.8 ± 1.1 .477 �2.0 ± 0.8 �1.4 ± 1.1 .035
Lumbar spine �0.5 ± 1.6 �1.0 ± 1.8 .299 �1.1 ± 1.6 �0.5 ± 1.8 .172 �1.3 ± 1.4 �0.2 ± 1.9 .013

BMD: bone mineral density; AAC: abdominal aorta calcification; HP: hands and pelvis.

Table 3. Correlation between degrees of abdominal aorta
calcification score on plain radiograph or coronary artery
calcification on computed tomography and related parameters.

AAC score CAC score on CT

Characteristics r p value r p value

Age (years) 0.390 .002 0.329 .014
Duration (months) 0.464 <.001 0.294 .029
Calcification scores on plain radiograph

Abdominal aorta 0.543 <.001
Hands and pelvis 0.271 .037 0.548 <.001
Feet 0.079 .547 0.268 .048

T-score on bone mineral density
Forearm �0.273 .035 �0.304 .024
Total hip �0.125 .340 �0.201 .141
Femur neck �0.226 .131 �0.245 .113
Lumbar spine �0.090 .494 �0.027 .843

Alkaline phosphatase (IU/L) 0.019 .883 0.273 .044
HDL (mg/dL) �0.102 .458 �0.317 .018
PTH (pg/mL) 0.127 .333 0.004 .979

1,25(OH)2D (pg/mL) 0.238 .071 0.023 .873
25(OH)D (ng/mL) 0.218 .098 0.126 .363

Fetuin-A (lg/mL) �0.119 .437 0.085 .590
FGF-23 (pg/mL) 0.401 .013 0.211 .209
Osteoprotegerin (pmol/L) 0.296 .048 0.383 .011
RANKL (pmol/L) �0.068 .677 �0.157 .346

HDL: high-density lipoprotein cholesterol; PTH: parathyroid hormone;
1,25(OH)2D: 1,25-dihydroxyvitamin D; 25(OH)D: 25-hydroxyvitamin D;
FGF-23: fibroblast growth factor 23; RANKL: receptor activator of nuclear
factor-jB ligand; AAC: abdominal aorta calcification; CAC: coronary artery
calcification; CT: computed tomography.

Figure 1. T-score at sites of bone mineral density
measurement.
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regression analysis (Table 4). Among several VC scores
on plain radiographs, the AAC score �5 were independ-
ently associated with higher rates of severe CAC on CT
after adjustment for age, DM, dialysis vintage, OPG level
and HP �3 and feet �1. Dialysis vintage was also inde-
pendent factor associated with severe CAC on CT.

Discussion

Electron-beam CT or MDCT are representative, noninva-
sive methods for assessing the presence and severity of
CAD [2]. Calcification scores are quantified by com-
puter-based analysis, and good correlation between
CAC and cardiac events has been shown in several
studies [1,20,21]. Dialysis patients with CAC score >400
showed the highest mortality rate and cardiovascular
event rate [22]. Previous studies just suspected that VC
scores on plain radiographs related with cardiovascular
events were associated with CAC on CT. This study
reconfirmed that AAC, HP and feet scores on plain
radiographs were associated with a higher likelihood of
CAC on MDCT. Based on our data, physicians may
assume the possibility of having CAC, if patients treated
with dialysis have meaningful VC scores on plain radio-
graphs. To our knowledge, this is the first report to
show AAC score �5 was an independent predictor for
severe CAC score by comparing several VC scores on
plain radiographs. Several plain radiographs obtained
from a variety of locations will be useful for evaluating
CAC without overlooking VC, if we do not check MDCT.
However, lateral view of lumbar spine should be
checked if we have to choose only one plain
radiographs.

An association between VC and osteoporosis has
been reported in previous studies [16]. Low bone
mass and fracture are important complications in dia-
lysis patients. The association between low bone
mass and fractures in the general population is well
recognized [23], but the result is not consistent in

dialysis patients [24]. VC is positively associated with
vertebral fractures, and it is inversely correlated with
BMD [16]. The risk of spine and hip fractures
increases with a lower BMD at the spine and hip in
patients with renal dysfunction [15]. On the other
hand, several studies have reported that there is no
relationship between hip or spine BMD and fractures
[25,26]. Jamal et al. found that the wrist BMD was
low in patients with fractures, but hip or spine BMD
was not related to a patient’s fracture risk [25]. Our
study indicated that dialysis patients with an AAC
score �5 have a higher possibility of being diag-
nosed with a low forearm BMD. AAC score �5
among other VC scores on plain radiographs is the
most reliable tool for considering low BMD of femur
neck and total hip. These results partly imply that an
AAC score �5 on plain radiographs indirectly indi-
cates low bone mass and possible fracture risk in
dialysis patients. Although spine bone density is
higher than the bone density of the radius or hip in
CKD stage 5, AAC was not related with BMD of lum-
bar spine in our study [27]. It is doubtful whether
high density of aortic calcification may mask low
bone mass of conventional BMD of lumbar spine,
especially in patients with AAC. Further studies will
be necessary to determine the role of the AAC score
on plain radiograph as a predictor for fracture risk in
dialysis patients.

In this study, the BMD at the forearm was relatively
lower than the BMD at the femur neck, total hip or
lumbar spine. In dialysis patients, the forearm BMD typ-
ically is lower than the spine BMD, and the spine BMD
may overestimate the overall bone density [28]. This
discrepancy may be explained by the fact that the fore-
arm contains a mixture of trabecular and cortical bone,
and the spine BMD is often hindered by artifacts, such
as VC. Because the BMD measurements are typically
obtained using DEXA, a two-dimensional method, it is
difficult to assess the precise bone mass if an artifact is

Table 4. Independent factors associated with severe coronary artery calcification on computed tomography.
Relative risk (95% CI)

Variables Univariate p value Multivariate p value

Age (years) 1.063 (0.999–1.130) .052 0.912 (0.783–1.062) .235
Diabetes mellitus, n (%) 3.111 (0.968–9.998) .057 16.812 (0.722–391.49) .079
Duration (months) 1.016 (1.000–1.032) .046 1.050 (1.003–1.099) .036
HDL (mg/dL) 0.947 (0.895–1.002) .061 0.845 (0.714–1.001) .051
Osteoprotegerin (pmol/L) 1.102 (1.010–1.202) .029 1.098 (0.937–1.287) .247

Calcification scores on plain radiograph
Abdominal aorta �5 12.364 (2.989–51.138) .001 14.829 (1.215–180.99) .035
Hands and pelvis �3 4.500 (1.332–15.201) .015 4.210 (0.344–51.486) .261
Feet �1 3.500 (1.085–11.292) .036 0.484 (0.050–4.636) .529

HDL: high-density lipoprotein cholesterol.
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present on the pass of the x-ray beam. A variety of arti-
facts, such as VC, peritoneal fluid, calcium tablets in the
intestine and scoliosis, can generate an error in the
interpretation of the BMD in dialysis patients. However,
even if the results of the BMD in dialysis patients are
questionable, DEXA is still a useful method for the diag-
nosis of bone loss and the prediction of fracture [13].
Unexpectedly, T-score for the BMD were inversely pre-
sented in comparison with the absence or presence of
arterial media calcification on the feet compared with
the AAC in this study. Patients with feet calcifications
have a greater tendency toward T-score when BMD is
measured at the forearm. Different pathogenic mecha-
nisms may be related to depending on where the VC
has been located. Further studies will be needed to
identify any cross-linkages between VC and bone mass
on BMD.

Several markers, such as OPG, RANKL, fetuin-A and
FGF-23, have been reported to act as VC inhibitors or
inducers, but it is not clear which factor is most influen-
tial for the VC. Previous studies have reported that OPG
levels are positively associated with CAC on CT, leading
to cardiovascular disease in dialysis patients as well as
the general population [29–32]. In our study, dialysis
patients with severe CAC on CT or meaningful VC on
plain radiographs had higher OPG levels than those
without severe CAC or meaningful VC. Based on these
results, we suspect that high circulating OPG levels act
to reduce bone resorption and induce adynamic bone
disease in dialysis patients. In contrast, calcium and
phosphorous not in-fluxing into the bone can be easily
integrated into osteoblast-like endothelial cells and
induce VC through decreased bone resorption in dialy-
sis patients. Fetuin-A is synthesized by the liver, and it
may act as an inhibitor of VC by forming a solution of
calcium phosphate salt. In previous studies, a low
fetuin-A level has been associated with a high inci-
dence of CAC, and it is also related with an increased
risk for cardiovascular mortality in dialysis patients
[33,34]. However, we did not observe a significant asso-
ciation between fetuin-A and CAC. Further studies will
be needed to evaluate the role of several biomarkers
for predicting VC and subsequent mortality in dialysis
patients.

This study had some limitations. First, the power of
the study was limited because of the relatively small
number of participants. Second, because a history of
fracture was present in only six patients, we cannot
identify the relationship between bone mass and frac-
ture risk. Long-term studies will be needed to predict
the risk of fracture using biomarkers or BMD in dialy-
sis patients. Despite these limitations, this study dem-
onstrated that the meaningful VC scores obtained

using several plain radiographs were related with CAC
on CT in patients receiving dialysis. In addition, we
found that an AAC score was the most reliable pre-
dictor of severe CAC on CT and maybe estimate low
T-score on BMD at the forearm among several VC
scores on plain radiograph. This is the first study to
investigate the association between VC on plain
radiographs and T-score on BMD.

Conclusion

Several plain radiographs evaluating VC scores, includ-
ing a lateral lumbar spine view at the very least, can
replace MDCT checking CAC score in dialysis patients.
When identified on plain radiographs, the AAC score
�5 may not only reveal severe CAC, which indicates
higher cardiovascular events, but also gives a hint of
low bone mass at the forearm, suggesting a possible
risk of fracture.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This study was supported by the Dong-A University research
fund.

References

[1] Thompson GR, Forbat S, Underwood R. Electron-beam
CT scanning for detection of coronary calcification
and prediction of coronary heart disease. QJM.
1996;89:565–570.

[2] Rumberger JA, Brundage BH, Rader DJ, et al. Electron
beam computed tomographic coronary calcium scan-
ning: a review and guidelines for use in asymptomatic
persons. Mayo Clin Proc. 1999;74:243–252.

[3] Adragao T, Pires A, Lucas C, et al. A simple vascular
calcification score predicts cardiovascular risk in
haemodialysis patients. Nephrol Dial Transplant.
2004;19:1480–1488.

[4] An WS, Kim SE, Kim KH, et al. Associations between
oxidized LDL to LDL ratio, HDL and vascular calcifica-
tion in the feet of hemodialysis patients. J Korean
Med Sci. 2009;24:S115–S120.

[5] An WS, Son YK. Vascular calcification on plain radio-
graphs is associated with carotid intima media thick-
ness, malnutrition and cardiovascular events in dialysis
patients: a prospective observational study. BMC
Nephrol. 2013;14:27.

[6] Kwon HY, Lee OH, Kim MJ, et al. The association
between mortality and abdominal aortic calcification
and relation between its progression and serum cal-
cium concentration in chronic hemodialysis patients.
Kidney Res Clin Pract. 2014;33:95–102.

734 S. M. LEE ET AL.



[7] Kim SC, Chang HJ, Kim MG, et al. Relationship
between pulmonary hypertension, peripheral vascular
calcification and major cardiovascular events in dialy-
sis patients. Kidney Res Clin Pract. 2015;34:28–34.

[8] Nam HS, Lee SM, Jeong EG, et al. Vascular calcification
on plain radiographs is related with the severity of
lesions detected by coronary angiography in dialysis
patients. Tohoku J Exp Med. 2015;235:135–144.

[9] Bellasi A, Ferramosca E, Muntner P, et al. Correlation
of simple imaging tests and coronary artery calcium
measured by computed tomography in hemodialysis
patients. Kidney Int. 2006;70:1623–1628.

[10] Hong D, Ruan Y, Pu L, et al. Both pelvic radiography
and lateral abdominal radiography correlate well with
coronary artery calcification measured by computed
tomography in hemodialysis patients: a cross-sectional
study. Hemodial Int. 2016;20:399–406.

[11] Toussaint ND, Lau KK, Strauss BJ, et al. Associations
between vascular calcification, arterial stiffness and
bone mineral density in chronic kidney disease.
Nephrol Dial Transplant. 2008;23:586–593.

[12] Kidney Disease: Improving Global Outcomes (KDIGO)
CKD-MBD Work Group. KDIGO clinical practice guide-
line for the diagnosis, evaluation, prevention and
treatment of Chronic Kidney Disease-Mineral and
Bone Disorder (CKD-MBD). Kidney Int. 2009;76:
S1–S130.

[13] Yenchek RH, Ix JH, Shlipak MG, et al. Bone mineral
density and fracture risk in older individuals with CKD.
Clin J Am Soc Nephrol. 2012;7:1130–1136.

[14] Alem AM, Sherrard DJ, Gillen DL, et al. Increased risk
of hip fracture among patients with end-stage renal
disease. Kidney Int. 2000;58:396–399.

[15] Atsumi K, Kushida K, Yamazaki K, et al. Risk factors for
vertebral fractures in renal osteodystrophy. Am J
Kidney Dis. 1999;33:287–293.

[16] Naves M, Rodriguez-Garcia M, Diaz-Lopez JB, et al.
Progression of vascular calcifications is associated with
greater bone loss and increased bone fractures.
Osteoporos Int. 2008;19:1161–1166.

[17] Honkanen E, Kauppila L, Wikstrom B, et al. Abdominal
aortic calcification in dialysis patients: results of the
CORD study. Nephrol Dial Transplant. 2008;23:
4009–4015.

[18] Verbeke F, Van Biesen W, Honkanen E, et al.
Prognostic value of aortic stiffness and calcification for
cardiovascular events and mortality in dialysis
patients: outcome of the calcification outcome in renal
disease (CORD) study. Clin J Am Soc Nephrol. 2011;6:
153–159.

[19] Agatston AS, Janowitz WR, Hildner FJ, et al.
Quantification of coronary artery calcium using ultra-
fast computed tomography. J Am Coll Cardiol.
1990;15:827–832.

[20] Nitta K, Akiba T, Suzuki K, et al. Assessment of coron-
ary artery calcification in hemodialysis patients using

multi-detector spiral CT scan. Hypertens Res.
2004;27:527–533.

[21] Patsalas S, Eleftheriadis T, Spaia S, et al. The value of
computed tomography-derived coronary artery calcifi-
cation score in coronary artery disease detection in
asymptomatic hemodialysis patients. Ren Fail. 2005;
27:683–688.

[22] Shantouf RS, Budoff MJ, Ahmadi N, et al. Total and
individual coronary artery calcium scores as independ-
ent predictors of mortality in hemodialysis patients.
Am J Nephrol. 2010;31:419–425.

[23] Kanis JA, Oden A, Johnell O, et al. The use of clinical
risk factors enhances the performance of BMD in the
prediction of hip and osteoporotic fractures in men
and women. Osteoporos Int. 2007;18:1033–1046.

[24] Bucur RC, Panjwani DD, Turner L, et al. Low bone
mineral density and fractures in stages 3–5 CKD:
an updated systematic review and meta-analysis.
Osteoporos Int. 2015;26:449–458.

[25] Jamal SA, Hayden JA, Beyene J. Low bone mineral
density and fractures in long-term hemodialysis
patients: a meta-analysis. Am J Kidney Dis. 2007;49:
674–681.

[26] Ersoy FF, Passadakis SP, Tam P, et al. Bone mineral
density and its correlation with clinical and laboratory
factors in chronic peritoneal dialysis patients. J Bone
Miner Metab. 2006;24:79–86.

[27] Ott SM. Review article: bone density in patients with
chronic kidney disease stages 4–5. Nephrology
(Carlton). 2009;14:395–403.

[28] Yamaguchi T, Kanno E, Tsubota J, et al. Retrospective
study on the usefulness of radius and lumbar bone
density in the separation of hemodialysis patients
with fractures from those without fractures. Bone.
1996;19:549–555.

[29] Kiechl S, Schett G, Wenning G, et al. Osteoprotegerin
is a risk factor for progressive atherosclerosis and car-
diovascular disease. Circulation. 2004;109:2175–2180.

[30] Szulc P, Chapurlat R, Hofbauer LC. Prediction of frac-
tures and major cardiovascular events in men using
serum osteoprotegerin levels: the prospective
STRAMBO study. J Bone Miner Res. Forthcoming.
[cited 2017 Jul 4]. doi: 10.1002/jbmr.3213.

[31] Demir P, Erdenen F, Aral H, et al. Serum osteoprote-
gerin levels related with cardiovascular risk factors in
chronic kidney disease. J Clin Lab Anal. 2016;30:
811–817.

[32] Moldovan D, Rusu C, Potra A, et al. Osteoprotegerin
and uremic osteoporosis in chronic hemodialysis
patients. Int Urol Nephrol. 2017;49:895–901.

[33] Coen G, Manni M, Agnoli A, et al. Cardiac calcifica-
tions: fetuin-A and other risk factors in hemodialysis
patients. Asaio J. 2006;52:150–156.

[34] Ketteler M, Bongartz P, Westenfeld R, et al. Association
of low fetuin-A (AHSG) concentrations in serum with
cardiovascular mortality in patients on dialysis: a
cross-sectional study. Lancet. 2003;361:827–833.

RENAL FAILURE 735


	Abdominal aortic calcification score among several vascular calcification scores of plain radiograph is the most reliable predictor of severe coronary artery calcification in dialysis patients
	Introduction
	Methods
	Study design and patients
	Laboratory measurements
	Vascular calcification score on plain radiographs
	Coronary artery calcification score on multidetector computed tomography
	Bone mineral density
	Statistical analysis

	Results
	Clinical characteristics in accordance with severe CAC
	Association between VC scores on plain radiographs and T-score on BMD
	Correlation between the AAC score on plain radiographs or CAC score on CT and related parameters
	Independent factors associated with severe CAC on CT

	Discussion
	Conclusion
	Disclosure statement
	References


