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Background/Purpose: Cardiovascular disease accounts for more than 50% of deaths among patients with
end-stage renal disease, and numerous factors have been proposed that may contribute to this increased
risk of death. Coronary artery calcification has been recognized as one of the important risk factors for
cardiovascular disease in patients undergoing dialysis. The aim of this study was to compare the coronary
artery calcification score (CACS) in peritoneal dialysis (PD) and hemodialysis (HD) patients, and to assess
the effect of dialysis during a 12-month period.
Methods: Multidetector computed tomography was performed in 33 chronic dialysis patients (15 PD and
18 HD patients; mean age, 54 years) at Months 1, 6, and 12 during the study period. Blood samples were
collected from each patient monthly to measure the serum levels of calcium and phosphorus.
Results: The CACSs were significantly increased at Month 12 versus Month 1 in both PD and HD patients
(p< 0.05), and no significant differences were found between the two groups (p¼ 0.09). However, the
CACS increased during the first half of the study period and then decreased significantly in the second
half of the study period. Levels of serum calcium increased during the study period in both the PD and
HD groups (p< 0.05), but serum phosphorus levels increased only in the HD group (p< 0.05). No
significant relationship was found between the CACS and calciumephosphorus product in either group.
Conclusions: Our data suggest that the increase in CACS is not different between the PD and HD patients.
Furthermore, the decrease in CACS between Months 7 and 12 suggests that there could be a factor other
than the level of the calciumephosphorus product that accounts for the variation in CACS in both groups.

Copyright � 2011, Taipei Medical University. Published by Elsevier Taiwan LLC. All rights reserved.
1. Introduction

Cardiovascular disease accounts for more than 50% of deaths among
patients with end-stage renal disease (ESRD),1 and numerous factors
have been proposed that may contribute to this increased risk of
death.2 The coronary artery calcification score (CACS) is considered
an index of the severity of atherosclerotic vascular disease, and it has
been shown to be associated with cardiovascular events in individ-
uals who have normal renal function.3e5 However, although
a significantly elevated CACS is common and associated with
cardiovascular disease in ESRD patients,6 the predictive value of the
CACS in ESRD patients is still under debate.7 Many studies have
shown a correlation between CACS and various laboratory values,
such as serum calcium, phosphorus, and the calciumephosphorus
product. Serum phosphorus levels tend to differ between patients
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undergoing hemodialysis (HD) and peritoneal dialysis (PD). Kim
et al8 reported that CACSs in PD patients are higher than those in HD
patients. However, according to our literature review, the differences
in CACS between PD and HD patients and the relationship between
CACS andother cardiac-relateddiseases are stillmultivariate.9e12We
have undertaken a study to compare CACS and serum calcium and
phosphorus levels among patients using these two dialysis methods
and to assess the effect of the two types of dialysis treatments on the
annual rate of increase in CACS.

2. Subjects and Methods

2.1. Patients

All 46 patients who underwent dialysis from March 2003 to April
2004 in the Dialysis Unit of Taipei Medical University Hospital were
initially included in the study. We excluded five patients with
severe illnesses, such as liver cirrhosis (n¼ 3), congestive heart
failure (n¼ 1), and apparent acute inflammatory symptoms (n¼ 1).
by Elsevier Taiwan LLC. All rights reserved.
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In addition, five patients dropped out of the study, and three
patients died from sepsis and were excluded from the analysis.
Thus, a total of 33 maintenance dialysis patients (16 men and 17
women) were included in the study and statistical analysis. Of the
33 patients, 15 underwent PD and 18 underwent HD. The under-
lying diseases in the patients were Type 2 diabetes mellitus in 21
patients (14 PD and 7 HD), chronic glomerulopathy without Type 2
diabetes mellitus in 10, and uric acid nephropathy in two patients.
Eight patients had been treated with phosphate binders (4 in each
dialysis group). Five patients (2 HD and 3 PD) received oral calcium
or vitamin D supplements during the study. HD patients received
dialysis three times per week (dialysis duration: 4 hours) using
hollow-fiber dialyzers, such as cellulose triacetate and polysulfone.
PD patients were dialyzed (Tenckhoff catheter; Quinton Inc.,
Seattle, WA) using the Baxter Twin Bag (1500e2500 mL/time, 3e5
times/d, depending on body size) and Baxter Home Choice system
(5000e12,000 mL). Each patient gave written informed consent to
participate in the study, which was approved by the Institutional
Review Board of our hospital.

2.2. Methods

Blood samples were collected in themorning after an overnight fast
of at least 12 hours before starting a dialysis session. Calcium (Ca)
and phosphorous (P) levels weremeasured every month during the
1-year study period.

2.3. Assessment of calcium score by 64-row multidetector
computed tomography scan

We obtained images at Months 1, 6, and 12 of the study period. All
computed tomography (CT) scans were performed using a 64-row
multidetector CT (64-MDCT) scanner with a 0.35-second rotation
time (Volume Computed Tomography Light Speed CT/I; GE Medical
Systems, Milwaukee, WI, USA). The region scanned was from 1 cm
below the carina to the apex of the heart. Prospective electrocar-
diogram (ECG) gating was applied to reduce motion artifacts. All
pixels with density greater than 130 Hounsfield units were high-
lighted in color on the images. The radiologist assigned one of four
locations to each calcified plaque: left main artery, left anterior
descending artery, left circumflex artery, and right coronary artery.
Table 1 Baseline characteristics in peritoneal dialysis and hemodialysis patients

Total (n¼ 33) Per

Age (yr) 54.0 (11) 53.0
Dialysis duration (yr) 3.0 (5.5) 2.0
Body mass index (kg/m2) 22.6 (3) 22.0
Males 17 (51.5) 6 (4
Cardiac catheter intervention 3 (9.1) 1 (6
Cardiac vascular disease family history 21 (63.6) 11 (
Smoking 7 (24.2) 2 (1
Drinking 3 (9.1) 0 (0
Hypertension 17 (51.5) 9 (6
Diabetes 9 (27.3) 5 (3

Serum parameters
Calcium 7.0 (1) 7.0
Phosphorus 6.0 (0) 6.0
Total cholesterol (mg/dL) 213.8� 35.7 212
Triglyceride (mg/dL) 209.5� 21.0 208
LDL (mg/dL) 130.2� 33.4 128
HDL (mg/dL) 49.5� 12.0 49.5
Albumin (g/dL) 3.1� 1.0 3.1
PTH (pg/mL) 320.0� 4.1 323
ALP (IU/L) 83.3� 2.2 82.8
Creatinine (mg/dL) 9.3� 2.6 9.6

Data are presented as n (%), median (interquartile range), or mean� standard deviation
NS¼ not significant; LDL¼ low-density lipoprotein; HDL¼ high-density lipoprotein; PTH
The sum of the scores for each plaque was determined by a single
radiologist.

2.4. Statistical analysis

In this study, the data were not normally distributed; therefore,
continuous variables were presented as the median (interquartile
range), and categorical variables were expressed as number
(percentage). For baseline comparisons, the ManneWhitney U test
was used to assess differences in age, duration of dialysis, and body
mass index between the two groups; for differences in sex,
hypertension, diabetes, and smoking and drinking habits, the c2

test or Fisher’s exact test was used. The differences in CACS and the
percent annual changes were measured over a 1-year period to
control for a baseline imbalancewith respect to the overall duration
of dialysis in the two groups using the Friedman test. The percent
annual change in CACS was calculated using the formula ([CACS at
the 12th month� CACS at the first month]/[CACS at the first
month])� 100, and the Wilcoxon signed-rank test with a Bonfer-
roni-adjusted alpha level, which equaled the former alpha level
divided by the number of tests, was used to evaluate whether the
variation in CACS for each group was significant. All statistical
analyses were performed using SAS version 9.1.3 (SAS Institute,
Cary, NC, USA). Statistical significance was defined as a p value less
than 0.05.

3. Results

The baseline characteristics of the 33 subjects are summarized in
Table 1. The median ages of the PD and HD patients were 53 years
(range, 46e69 years) and 57 years (range, 35e77 years), respec-
tively. The median durations of dialysis of the PD and HD patients
were 2 years (range, 0.4e8 years) and 4 years (range, 1e25 years),
respectively (p¼ 0.04). However, there were no significant
differences in sex, hypertension, diabetes, smoking and drinking
habits, lipid profiles, and creatinine levels between the two
groups.

To evaluate the difference in CACS between the two groups, the
scores were compared over 1 year (Table 2). The CACS increased
significantly during the study period in both PD patients (median,
49%; range, 13.0e1665.9%; p¼ 0.01) and HD patients (median,
itoneal dialysis (n¼ 15) Hemodialysis (n¼ 18) p

(6) 57.0 (16.5) NS
(2.875) 4.0 (9.125) <0.05
(2.35) 23.0 (2.875) NS
0.0) 11 (61.1) NS
.7) 2 (1.1) NS
73.3) 10 (55.6) NS
3.3) 5 (29.4) NS
.0) 3 (16.7) NS
0.0) 8 (44.4) NS
3.3) 4 (22.2) NS

(0) 6.0 (2) NS
(1) 6.0 (0) NS
.7� 34.0 215.2� 38.4 NS
.9� 15.6 209.7� 22.5 NS
.4� 39.4 131.5� 36.0 NS
� 12.4 49.6� 11.7 NS

� 1.2 3.2� 0.8 NS
.4� 4.4 316.6� 3.6 NS
� 1.9 83.6� 2.8 NS

� 2.4 8.9� 2.7 NS

.
¼ parathyroid hormone; ALP¼ alkaline phosphatase.



Table 2 Coronary artery calcification score of the dialysis patients within 1-year follow-up

Total (n¼ 33) Peritoneal dialysis (n¼ 15) Hemodialysis (n¼ 18) p

Median (IQR) Median (IQR) Median (IQR)

1 mo 72.0 (468) 3.0 (823.5) 109.5 (432.75) NS
6 mo 401.5* (623) 645.5* (1083) 329.5* (491.5) NS
12 mo 170.0*,y (1032) 76.0*,y (1385.5) 174.5*,y (542.5) NS

Annual percent change (%) 79.1 (41.5) 49.0 (34.7) 80.4 (40.6) NS

* Significantly different between the present time point and the first month, p< 0.0167; y Significantly different between the present time point and the sixth month,
p< 0.0167.
IQR¼ interquartile range; NS¼ not significant.
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80.4%; range, 11.9e1490.0%; p< 0.001). However, a significant
decrease in CACS was found between 6 and 12 months in both
groups (p< 0.0167). No statistically significant difference was
found in the CACS at the 1-, 6-, or 12-month evaluations, or in the
increase over the 1-year period between PD and HD patients
(all, p> 0.05).

To determine the factors associated with the increased CACS,
variations in the levels of serum Ca and P were analyzed. The level
of serum Ca increased significantly in the PD and HD patients
during the study period (p< 0.05, Table 3). However, the level of
serum P increased significantly in HD patients only (p< 0.05,
Table 3). There were no significant differences in the levels of Ca or
P between the PD and HD groups for a given measurement.

For further analysis, Pearson’s correlation coefficient between
the CaeP product and the CACS was calculated (Figure 1). Despite
the nonsignificant correlations (PD group: g¼ 0.77, p¼ 0.44; HD
group: g¼ 0.74, p¼ 0.47), the variation of the CaeP product was
almost parallel to the variation of the CACS for both the PD and the
HD groups during the first 6months. Between 6 and 12months, the
CACS decreased in both groups, although the CaeP product
continued to increase.

In addition, there were no significant differences in lipid profile
(total cholesterol, triglyceride, low-density lipoprotein, high-
density lipoprotein); albumin; parathyroid hormone (PTH); alka-
line phosphatase (ALP); or creatinine levels between the two
groups (all, p> 0.05, data not shown).

4. Discussion

Patients on dialysis have an annual cardiovascular mortality rate
significantly higher than that of the general population.9 As many
as one-third of the dialysis patients admitted to the hospital suffer
from cardiovascular disease, and most of the dialysis patients die
from cardiovascular complications.10,11 Renal failure patients on
dialysis are at increased risk of developing calcifications of the
Table 3 Serum levels of calcium and phosphorus of peritoneal dialysis and hemodialysi

Total (n¼ 33) Periton

Median (IQR) Median

Calcium
1 mo 7.0 (1) 7.0
6 mo 7.0* (1) 8.0*
12 mo 8.0*,y (2) 10.0*,y

Annual percent change (%) 38.6 (32.1) 44.9

Phosphorus
1 mo 6.0 (0) 6.0
6 mo 7.0 (1) 6.0
12 mo 7.0* (1) 6.0
Annual percent change (%) 12.7 (16.7) 4.9

* Significantly different between the present time point and the first month, p< 0.016
p< 0.0167.
IQR¼ interquartile range; NS¼ not significant.
coronary arteries, which may contribute to the increased cardio-
vascular mortality observed in this population.12 Thus, many
researchers have explored the relationship between the CACS and
coronary artery disease in dialysis patients, and correlations of
CACS with abnormal coronary angiography, number of diseased
vessels, and atherosclerosis have been reported.13e15

Electron-beam computed tomography scanning has been used
for more than 10 years and is considered the gold standard for the
determination of CACS.16 However, electron-beam computed
tomography is not readily available in every hospital.8 We used
a new noninvasive approach, 64-MDCT, for the assessment of
coronary calcifications.17 This method provides noninvasive
imaging, complete coverage of the heart, and enables ECG-gated
scanning to decrease major motion artifacts. Moreover, 64-MDCT
readily depicts the proximal course of the coronary arteries and
enables the assessment of the luminal diameter.18

The high CACSs in the dialysis patients found in our investiga-
tion are consistent with those of previous studies.19e21 Although
the CACS increased significantly in all patients between the
beginning and end of the study, we observed no significant differ-
ence in CACS between the two dialysis methods at any time point. A
previous study8 determined CACSs in PD and HD patients and
reported a score of 211.8� 325.5 in HD patients and 655.7�1009.8
in PD patients. Although the score was higher in the PD group, the
difference was not statistically significant. Block et al22 have dis-
cussed that a decrease in renal clearance leads to hyperparathy-
roidism, which can lead to calcifications of internal organs by
increasing the CaeP product. Indeed, some studies have found
a significant correlation between coronary artery calcification and
CaeP balance.6 However, other researchers have found no rela-
tionship of the CACS with the CaeP product.23

Both Ca and P levels increased throughout the study period in
HD patients, but only Ca levels increased in PD patients. Thus, our
data suggest that the Ca level might be related to the increasing
CACS in PD patients, although both Ca and P levels may be related to
s patients within 1-year follow-up

eal dialysis (n¼ 15) Hemodialysis (n¼ 18) p

(IQR) Median (IQR)

(0) 6.0 (2) NS
(1) 7.0* (0.8) NS
(0) 8.0*,y (0) NS
(25.0) 33.6 (39.0) NS

(1) 6.0 (0) NS
(1) 7.0* (1) NS
(1) 7.0*,y (1) NS
(16.7) 19.3 (14.3) NS

7; y Significantly different between the present time point and the sixth month,



Figure 1 Variations in coronary artery calcification score and levels of serum calciumephosphorus product during 1 year. HD¼ hemodialysis; PD¼ peritoneal dialysis.
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the increasing CACS in HD patients. The CaeP product was not
significantly correlated with the CACS.

Our data do not provide an explanation for the decrease in CACS
between Months 7 and 12. The high variation between individuals
may have contributed to this finding. Alternatively, there could be
another factor, rather than the CaeP product, that accounts for the
variation of CACS in both groups.

No significant differences were observed in the levels of several
other analytes that might account for the changes in CACS,
including lipid profile and creatinine, which could act as a marker
of renal function. Although the duration of dialysis was significantly
different between the two groups, there was no significant differ-
ence between the groups in renal function (creatinine level) or
CACS (either absolute value or % change). Therefore, we hypothe-
size that the difference in duration of dialysis may not be the only
factor influencing the increase in CACS in this study, and the effect
of duration of dialysis on the CACS is multifactorial and requires
further study.

This study is limited by the small number of patients and by the
fact that some inflammatory markers, such as transforming growth
factor beta and other cytokines, are not routinely studied in our
institution and could not be included in this analysis. Future studies
involving a greater number of patients and measuring additional
factors, such as systemic inflammatory markers and protein intake,
should be carried out to understand the differences in CACS
between PD and HD patients.
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