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carotid arteries at end-diastole, and CCA-IMT was calculated as
the mean value for each subject. We defined a plaque as a focal
CCA-IMT thickening with advanced fibrofatty lesions but signif-
icant calcification and/or thrombosis, a scan area with CCA-IMT
>1.1 mm, and plaque was detected in the internal or external carotid
artery-IMT, or CCA-IMT on the right and left side. The PN was cal-
culated by counting the number of plaques in the bilateral carotid
arteries in the scanned area. The PS was calculated by totaling
the maximal thickness values of all plaques in the scanned area,
and categorized as normal (PS< 1.1), mild (PS=1.1 to <5), moder-
ate (PS=5 to <10), and severe (PS > 10) [12]. The increase in plaque
over the five-years was defined as APN, and percentage change
of IMT progression was calculated by the following formula: pro-
gression rate ={value at five-year — baseline value) x 100/baseline
value.

Table 1
Characteristics.

2.7. Statistical analysis

The survival time for each participant was calculated from
the date of initial ultrasonography to the date of death or the
end of follow-up for 60 months, whichever came first. The first
end-point was defined as all cause death including the second
end-point which defined vascular death as cerebro- and cardio-
vascular death. Two categorical variable comparisons were done
by the Fisher's exact test. The mean values of numerical vari-
ables were compared by the unpaired t-test or the Mann-Whitney
U-test, the paired t-test, or the Wilcoxon-test. The predictors of
a fatal event included in multivariate analysis are as follows;
age, sex, hypertension, hyperlipidemia, DM, dialysis duration, BMI,
PN, CCA-IMT, PS (0f1: normal and mild/moderate and severe),
serum albumin, serum total protein, serum qualitative CRP, serum

Calcium{mg/dl)
Phosphorus (mg/d
Magnesium (mg}d})
Calcrum-phosphate product (mg/dl)2
Intact parathyroxd hormo e (pg{dl) _
Hemoglobm (gldl) .

Hematocrit (%) ~
White blocd cell (x103]1)
CRP(>0.5 mg[d]) n(®

Ultrasonographlc ﬁndmgs o
Prevafence of plaque, niz
Calcxﬁcanon plaque, n (%)
PN

CCA—IMT(mm) .

PS (nomal, mild/moderate, severe)

PS (moderate,severe;%) . 50 885 - . 43

,086i016 _

. 29712483

. 087£016
- 75/48 o 1812
390 2 200

Values presented as mean value£S5.D. and number followed by (%)

Patients lost to follow-up were 23 who changed hospitals and 7 who received kidney transplantation.
BMI: body mass index, LVH: left ventricular hypertrophy, HDL-C: High density lipoprotein-cholesterol.

LDL-C: Low density lipoprotein-cholesterol, CRP: C-reactive protein.
CCA-IMT: common carotid artery intima-media thickness, PN: plaque number,

PS: plaque score; PS<1.1 mm: normal, 1.1 =PS<5.0mm: mild, 5 <PS <10 mm: moderate, PS > 10.0 mm: severe.

# Comparing deceased patients and surviving patients.

— 117 —



552 S. Maeda et al. / Atherosclerosis 204 (2009) 549-555

calcium-phosphate product, serum intact parathyroid hormone,
serum uric acid, history of cerebrovascular and cardiovascular dis-
ease, prevalence of LVH. Mortality was compared by Kaplan-Meier
analysis and log rank statistics, with 95% confidence intervals (95%
CI). The explanatory variables for DM, PN, age, calcium-phosphate
product, and albumin were extracted using the Cox regression anal-
ysis. The relative risks and their 95% Cl were calculated using the
estimated regression coefficients and standard errors. In addition,
time-to-fatal event curves were compared by the log-rank test and
were used to estimate the absolute risk over five years for each of
the ultrasound values. Adjustment variables were chosen for the
multiple regression model based on the possibility that the covari-
ate of interest may be associated with the risk of mortality. All
statistical calculations were done with the Biomedical Computer
Programs-P (BMDP) Statistical Software (Release 7.1, SUNJUNIX). A
probability (P) value <0.05 was considered statistically significant.

3. Results

3.1. The characteristics of 73 deceased, 123 surviving, and 30
patients lost to follow-up (Table 1)

The prevalence of a history of DM (37.0%), hypertension (91.8%),
and past history of a cardiovascular (19.2%), or cerebrovascu-
lar event (32.9%) at baseline were significantly higher in the
deceased than in surviving patients (15.4%, 83.7%, 8.1%, and
18.7%, respectively). Additionally, the mean systolic blood pres-
sure (159.4mmHg) at baseline was significantly higher in the
deceased than in the surviving patients (150.2 mmHg). However,
the mean serum albumin (3.8 mg/dl) and the mean creatinine
(8.91 mg/dl) were significantly lower in the deceased than in the
surviving patients (3.9mg/dl and 11.06 mg/dl, respectively). In
carotid ultrasonographic findings, the mean PN (4.63), the mean
CCA-IMT (0.97 mm), the prevalence of moderate and severe groups
of PS (68.5%), plaque (98.6%), and calcification (94.5%) were sig-
nificantly higher in the deceased than in the surviving patients
(2.54, 0.86 mm, 39.0%, 83.7%, and 70.7%, respectively). There were
no significant differences between the deceased patients in rela-
tion to smoking, alcohol consumption, sex, BMI, LVH, duration of
hemodialysis, serum total cholesterol, high density lipoprotein,
triglycerides, uric acid, intact PTH, qualitative CRP, mineral, or
hematological values.

3.2. Multivariate analysis for the development of a fatal event

The Cox regression analysis with backward stepwise regression
of 226 hemodialysis patients showed the significantly indepen-
dent risk factors at baseline for all cause death to be a history of
DM (P=0.005), PN (P=0.023), age (P=0.001), calcium-phosphate
product (P=0.049), and serum albumin (P=0.009) (Table 2).

The five-year survival rate was compared for four groups, classi-
fied by the PN by ultrasonography (0-1, 2, 3-4, and >5) and by DM

Table 2
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Fig.2. The five-year survival rates of hemodialysis patients grouped by plaque num-
ber (PN). The five-year survival rate of patients with PN >5 was significantly lower
than that of the other three patient groups (log-rank test: P<0.001).
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Fig. 3. The five-year survival rates of hemodialysis patients with and without dia-
betes mellitus (DM). The five-year survival rates of patients with DM (n=51) was a
significantly lower than that of non-DM patients (n=175) (log-rank test: P<0.001).

status, and was adjusted for independent factors such as age, serum
calcium-phosphate product, albumin, and related covariates. The
highest group of PN >5 had a significantly lower survival rate than
the other groups (log-rank test, P<0.001) (Fig. 2). The survival rate
of DM patients was significantly lower than that of non-DM patients
(log-rank test, P<0.001) (Fig. 3). To clarify the effect of PN and DM
on survival, the combined risk factors for PN and DM were divided
into four groups: PN <5 and non-DM (group A, n=141), PN <5 and
DM (group B, n=33), PN >5 and non-DM (group C, n=34), PN >5
and DM (group D, n=18). The five-year survival rate by all cause
mortality (Fig. 4a) and the five-year survival rate by vascular mor-
tality (Fig. 4b) were adjusted for independent markers such as age,
dialysis duration, albumin, and uric acid (Table 3). The five-year sur-
vival rate of group A was higher than that of the other groups (all
P <0.001). Moreover, the all cause and vascular mortality of group

Cox regression analysis with backward stepwise regression of the risk factors for a fatal event in 226 hemodialysis patients.
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Table 3

553

Cox regression analysis with backward stepwise regression for all cause and vascular mortality according to significant risk markers and the combined plaque number (PN)

and diabetes mellitus (DM) status.

Parameters vv“AIIvéause mortali;y ’ o Vascular mortality ‘

‘ B GRelativerisk  95%CI . Pvalie B Relative risk ~ 95%Cl - Povalue
. - ‘ - lower  Upper L - Lower . Upper

Age . iyo. 0048 105 12 108 L0001

Dialysis duration 1 month 0.004 100 100 101 0028

Albumin 1gidt —0.97 038 ' Q.16 089 - 0.025

Uricacid o img/dl 0.03 1.03 - - 100 106 0.031 L L , : -

group Avs, group B . 1280 360 - 178 728 <0.001 . 2,089 792 - 223 9814 0.001

groupAvs.groupC 0.941 256 1.31 - 503 0.006 2212 }9.13 o 257 13252 0.001

group A vs.group b 1.183 3.27 - 152 703 0003 . . 2242 942 235 3774 0.002 -

95% CI: 95% confidence intervals. Group A (n="141), PN<5 and Non-DM; group B (n1=33), PN <5 and DM; group C (n=34), PN >5 and Non-DM; group D (n=18), PN >5 and DM.

C patients were not significantly different than those of group B
and D patients (vs. group B, P=0.336 and P=0.802, respectively;
vs. group D, P=0.783 and P=0.944, respectively). Therefore, PN
was an important marker for the survival of hemodialysis patients,
irrespective of DM status.

Table 3 shows significant risk parameters of the combined PN
and DM for all cause and vascular mortality by Cox regression anal-
ysis with backward stepwise regression. The relative risk (RR) of
significant parameters for all cause mortality were age (RR: 1.05),
dialysis duration (RR: 1.00), serum albumin (RR: 0.38), serum uric
acid (RR: 1.03), and group A vs. group B (RR: 3.60), group C (RR:
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Fig. 4. The survival rate after adjustment for all cause mortality {a) and for vascular
mortality (b) adjusted for age, calcium-phosphate product, and albumin. The five-
year survival rates of hemodialysis patients grouped by plaque number (PN) and
diabetes mellitus (DM) status (group A: n =141, DM and PN <5; group B: n=33, DM
and PN =5; group C: n=34, non-DM and PN <5; group D: n=18, non-DM and PN
>5). The survival rate after adjustment for all cause and vascular death in group
A was significantly higher than that of the other three groups (log-rank test: both
P <0.001). Moreover, the all cause and vascular mortality of group C patients were
not significantly different than those of group B and D patients (vs. group B, P=0.336
and P=0.802, respectively; vs. group D, P=0.783 and P=0.944, respectively).

2.56), group D (RR: 3.27). The RR of significant parameters for
vascular mortality were group A vs. group B (RR: 7.92), group C
(RR: 9.13), and group D (RR: 9.42). Therefore, these findings sug-
gest that PN >5 and DM were related to all cause and vascular
mortality.

3.3. Change of carotid atherosclerosis from baseline to follow-up
for the 113 surviving patients (Table 4)

The mean PN and CCA-IMT levels were adjusted for indepen-
dent factors such as age, calcium-phosphate product, and albumin
by Cox regression analysis with backward stepwise regression. The
mean PN in 2005 (at follow-up) of both DM and non-DM patients
were significantly higher than those in 2000 (at baseline) (both
P<0.001). Notably, the mean PN of DM patients was significantly
higher than that of non-DM patients at both baseline and follow-
up (P=0.019 and P <0.001, respectively). Moreover, the increase
of PN (APN) during the follow-up period was significantly higher
(4.8140.55) in DM patients than in non-DM patients (2.83 +0.23)
(P<0.001).

In the case of DM patients, the mean CCA-IMT was also sig-
nificantly higher (1.14+0.05mm) at follow-up than at baseline
(0.94+0.03mm) (P=0.017). The mean CCA-IMT of DM patients
was significantly higher than that of non-DM patients at both base-
line and follow-up (P=0.010 and P <0.001, respectively), and the
mean progression rate of CCA-IMT of DM patients was significantly
greater (22.4+4.9%) than that of non-DM patients (1.7 4 2.0%)
(P<0.001). However, there was no statistically significant increase
of the mean CCA-IMT of the 96 non-DM patients between baseline
and follow-up (0.84 4+ 0.01 mm and 0.82 £ 0.02 mm, P=0.090). DM
patients had significantly higher frequency of PS severity of mod-
erate/severe than that non-DM at baseline (P=0.00). Additionally,
all 5 DM patients who had normal or mild PS at baseline changed
to moderate or severe PS at follow-up, and 37 of 67 (55.2%) of
non-DM patients who had normal or mild PS changed to moderate
or severe PS.

4. Discussion

The present study of three ultrasonographic parameters, PN,
CCA-IMT, and PS, revealed new information that may be useful for
the evaluation of carotid atheroscleroticrisk factors related to a fatal
event, including all cause and vascular death, and the prognosis of
Japanese hemodialysis patients. We found that the follow-up PN
was significantly increased in comparison with the baseline PN, but
that the CCA-IMT of non-DM patients was unchanged, CCA-IMT and
PS were not independent risk markers in a multivariate analysis.
We also found the predictive risk markers for all cause and vascu-
lar death by ultrasonography to be associated with PN parameters,
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Table 4
Changes of carotid atherosclerosis.
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PN: plaque number, CCA-IMT: common carotid artery-intima-median thickness. The increase in plaque over the five-years was
defined as APN. percentage change of IMT progression was calculated by the following formula: progression rate = (value at five-
year — baseline value) x 100/baseline value. *Comparing atherosclerotic change of DM patients in 2000 and 2005. bComparing
atherosclerotic change of non-DM patients in 2000 and 2005. “Comparing DM and non-DM in 2000. dComparing DM and non-DM

in 2005. ¢Comparing five-year changes of DM and non-DM.

irrespective of DM status. Therefore, PN was an important marker
for the survival of hemodialysis patients.

Benedetto et al. [16] reported that mean-IMT was an inde-
pendent predictor of cardiovascular death among end-stage renal
failure patients. However, our study documented no relation
between CCA-IMT and mortality. This is because we more strictly
defined vascular death as stroke and myocardial infarction exclud-
ing sudden death, heart failure, embolism, and aortic aneurysm.
Although we used a 6 point average of CCA-IMT as in Benedetto et
al, the following two points differed between our study and theirs.
Firstly, the percentage of the studied patients with DM in our study
(22.6%) was higher than in Benedetto et al. (6.5%). Secondly, the
methodology of our study was classified according to DM status,
and Benedetto's study included DM status and both hemodialy-
sis and continuous ambulatory peritoneal dialysis. Therefore, we
believe our study adds useful data for comparison with that of the
previous report.

Some studies have shown that the rate of vascular events
of hemodialysis patients is substantially higher than that of the
general population (2.4-18.0%) [11,21], moreover, hemodialysis
patients are characterized by an exceptionally high mortality rate
by such diseases [7-12]. Of 226 hemodialysis patients, 73 (32.3%)in
this study died within the five-year period, and 20 of the deceased
patients (27.4%) had had a fatal vascular event, similar to that
of studies from other laboratories, which found rates of 16-42%
[7,18].

Complication with DM is a reproducible, traditional risk factor
associated with the progress of atherosclerosis [9,18-19,22]. Some
previous studies have shown that DM and/or hypertension are sig-
nificantly involved in such fatal events [5,9,10,21], and that patients
with both DM and ESRD have significantly higher CCA-IMT values
than those with either DM or ERSD alone [9]. DM was also found
to be strongly associated with a fatal event in this study. Many pre-
vious studies have used ultrasonography to assess risk factors for
the progression of carotid atherosclerosis in the general population
[2,13-15] and hemodialysis patients [2,5,7-12,16,17].

Our study demonstrated that PN was clearly correlated with all
cause mortality. Moreover, PN was strongly associated with vas-
cular mortality, irrespective of DM status, and the relative risk of
non-DM patients with PN >5 was the same risk of DM for all cause

and cardiovascular death, by multivariate analysis. These results
suggest that PN is one of the most important markers for the prog-
nosis of hemodialysis patients. None of the other ultrasonographic
parameters were predictive in this study.

The mechanisms for the accelerated atherosclerosis of
hemodialysis patients may be inflammation associated with
dialysis-related causes [3,4,6,20,23] and/or the hemodialysis pro-
cedure itself [5-8]. One study reported that the dialysis procedure
causes progressive endothelial cell injury that leads to both macro-
and micro-vascular disease [13]. However, the reason for the
increase of the PN in hemodialysis patients is not clear.

There are several limitations to this study. First, we were not
able to classify the cause of death of 11 (15.1%) of the 73 deceased
patients (7 sudden deaths and 4 for whom cause of death was
unknown because of a change of hospitals), and we could not
do ultrasonographic follow-up of 10 of the 123 surviving patients
(8.1%) in 2005. Second, there were only two dialysis units, so the
results would have only internal validity. A future, large-scale study
with long-term observation will be necessary to fully clarify the risk
factors of the fatal events of hemodialysis patients.

The present study revealed that PN by ultrasonography was an
important marker for the survival of hemodialysis patients.
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