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CLINICAL STUDY

Change in Cardiovascular Disease Status in Peritoneal Dialysis
Patients: A 5-Year Single-Center Experience

Shan Mou, Qin Wang, Wei Fang, Aiwu Lin, Beili Shi, Liou Cao, Wenyan Zhou,
Jiaqi Qian and Zhaohui Ni

Renal Division, Renji Hospital, Shanghai Jiaotong University School of Medicine, Shanghai, PR China

Abstract

Background: We compared patient characteristics, atherosclerosis, left ventricular hypertrophy, and dialysis practice
patterns of peritoneal dialysis (PD) patients with change in cardiovascular disease (CVD) status and no change in CVD
status in Chinese PD center. Methods: This study included all patients who started on PD between 1 January 2003
and 30 June 2009 at the Renji Hospital, Shanghai Jiaotong University School of Medicine, China. They were followed
up from the date of PD initiation until new-onset CVD. Results: The median follow-up time was 44.13 months. In
patients with preexisting CVD, both high triglyceride (1.43 ± 0.89 mmol/L vs. 2.64 ± 1.58 mmol/L, p < 0.001) and the
duration of dialysis (45.76 ± 13.28 months vs. 58.68 ± 13.74 months, p < 0.01) were independent predictors of CVD
progression and the left atrial dimension, left ventricle septal thickness, left ventricle mass index (LVMI), and intima-
media thickness (IMT) also had the difference. On the other hand, in patients without preexisting CVD, the dialysis
adequacy and nutritional status are important during the follow-up. Serum albumin in CVD group was lower than in
no CVD group (30.86 ± 4.77 g/L vs. 36.04 ± 6.40 g/L, p < 0.05). Creatinine clearance (CCr) and Kt/V in CVD group
were lower than in no CVD group (CCr 57.24 ± 13.86 L/week vs. 71.06 ± 23.96 L/week, p < 0.05; Kt/V 1.82 ± 0.41 vs.
2.23 ± 0.57, p < 0.05). Conclusion: In patients with preexisting CVD, it is important to address traditional risk factors
such as LVMI, IMT, and lipid profile. In patients without preexisting CVD, we should pay more attention to the nutritional
status and PD prescription in order to lower the morbidity of CVD in these PD patients.
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INTRODUCTION

Cardiovascular disease (CVD) is a major cause of
morbidity and mortality in patients with all forms
of chronic kidney disease (CKD).1 A higher preva-
lence of classic cardiovascular (CV) risk factors (such as
smoking, diabetes mellitus, hypertension, and dyslipi-
demia) and nonmodifiable risk factors (such as age, sex,
and family history of CVD) was found in patients with
CKD. Dialysis patients have a disproportionately high
rate of arteriosclerotic outcome and CVD mortality.2,3

The high prevalence and incidence of CVD in dialysis
patients is well described,4 as is the adverse impact of
CVD on long-term outcomes.5,6 Numerous studies to
date have shown an independent effect of kidney dis-
ease itself on CVD outcomes.6–8 The risks of death from
cardiac causes and of death from all causes are higher
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among individuals receiving peritoneal dialysis (PD).9

These results showed that annual CVD mortality rates
are much greater in dialysis patients.

We report here the results of data collected from
our center for patients with PD. This study attempts to
answer additional questions: (1) Is there an independent
impact of uremia-associated risk factors on the change
of CVD status in PD patients? (2) What risk factors
should guide us to prevent or retard progression of CVD
in those who have had previous CVD events and those
who have no preexisting CVD events?

MATERIALS AND METHODS

Patient Selection
In this study, 254 patients who started on PD between
1 January 2003 and 30 June 2009 at Shanghai
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Renji Hospital, Shanghai Jiaotong University School of
Medicine, China, were considered eligible and were fol-
lowed up at a median of 44.13 months (range 6–84
months) until 31 December 2009. All patients were
Chinese. All patients were regularly monitored at our
center and had started their PD treatment at least
6 months before enrollment. Exclusion criteria were
survival <6 months, transfer to hemodialysis or kid-
ney transplantation within 6 months, having an active
systemic inflammatory disease, and/or having unstable
organ disease, such as hepatic failure.

Baseline data were collected regarding patient’s
demographic characteristics, laboratory values, PD pre-
scription, and duration on dialysis before enrollment.
All of the included patients were prescribed a glucose-
based PD solution with at least three 2 L exchanges per
day. The total number of episodes of peritonitis and date
of every episode of peritonitis were collected. Peritoni-
tis rates were recorded by dividing the months of PD
at risk by the number of episodes. All deaths, peritoni-
tis episodes, and other patient outcomes were carefully
tracked and recorded. We recorded data of comorbid
diseases such as diabetes mellitus and the presence
of traditional major CV risk factors [(hypertension,
dyslipidemia, body mass index (BMI)] and CVD at
the time of PD initiation. BMI was calculated as
BMI = weight (kg)/height (m2). After the patient had
been recumbent for at least 15 min, brachial arte-
rial blood pressure was measured by using a standard
mercury sphygmomanometer.

Informed consent was obtained from each partic-
ipant, and the ethics board institution approved the
study.

Data Collection
Dialysis adequacy data, namely indices of weekly
Kt/V urea and weekly creatinine clearance (CCr),
for both peritoneal function and residual renal
function were documented using PD-ADEQUEST
(Baxter Healthcare Corporation, Chicago, IL, USA).
Peritoneal transport characteristics were measured by
the dialysate-to-plasma creatinine ratio (D/P Cr) at 4 h
in a standard peritoneal equilibration test. Nutritional
status was assessed by normalized protein catabolic
rate (nPCR) from 24 h dialysate and urine collec-
tions. Biochemical tests including blood urea nitrogen,
serum creatinine, glucose, calcium and phosphorus lev-
els, serum albumin, and serum C-reactive protein were
also examined using standard equipment (ADVIA1650,
Bayer Corporation, Tarrytown, NY, USA).

Definitions of Cardiovascular Disease
CVD was defined by history of CV event or condition
and/or current symptoms according to the New York
Heart Association (NYHA) and the Canadian Cardio-
vascular Society (CCS) classifications for heart failure
and angina, respectively.10,11 CV event history included

history of myocardial infarction, angina, coronary artery
bypass graft or angioplasty, transient ischemic attack
or cardiovascular accident, peripheral vascular disease,
and congestive heart failure. Research assistants admin-
istered standardized questionnaires that describe symp-
toms associated with each class of heart failure or angina
to each patient, and symptoms were graded by using
conventional NYHA and CCS classifications.

Change in CV status was defined as either change
in NYHA or CCS classification or a cardiac-related
hospitalization.12

Carotid Ultrasound
Carotid B-mode ultrasound was performed at baseline
by an independent investigator using a 10 MHz lin-
ear array transducer (HP-HX, Georgia, USA). Intima-
media thickness (IMT) was evaluated as the distance
between the luminal–intimal interface and the medial–
adventitial interface. The far wall of the common carotid
artery, approximately 5–10 mm proximal to the carotid
bulb, was used for the measurements of IMT on both
sides. An atherosclerotic plaque was defined as a local-
ized intima-media thickening of >1 mm and at least a
100% increase in thickness compared with adjacent wall
segments.

Echocardiography
Imaging and Doppler echocardiography was performed
in all of the participants in this study. Studies were per-
formed with echocardiography M-mode echo, using a
Hewlett-Packard Sonos 1000 with a 2.5 MHz trans-
ducer (Hewlett-Packard, Georgia, USA). All of the
measurements were performed by a trained investigator
who was blind to the clinical data of the subjects. Mea-
surements included left atrial dimension (LAD), left
ventricle septal thickness (LVST), left ventricle poste-
rior wall thickness, left ventricle diameter at end-diastole
(LVDd), and left ventricle diameter at end-systole
(LVDs). All data were obtained using the American
Society of Echocardiography recommendations.13,14

LV mass was considered an unadjusted variable and
was normalized by body surface area and expressed
as left ventricle mass index (LVMI).15 Left ventricu-
lar ejection fraction (LVEF) was calculated as 100 ×
(LVDd – LVDs)/LVDd.

Outcomes of Interest
The major outcomes of interest for this analysis
included new-onset CVD and change in CVD status.

Statistical Analysis
To analyze the data, patients were divided into two
groups according to whether they had CVD or not.
Data were described as means ± SDs for those with
normal distribution and as medians and interquartile
ranges for asymmetrical distribution. Differences in the

© 2012 Informa Healthcare USA, Inc.
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patients’ demographic, clinical, and laboratory parame-
ters between the two groups were evaluated by a t-test.
A comparison of the percentages of the two groups was
made with a chi-square test (χ2).

Univariate odds ratios were adjusted by using logis-
tic regression. The logistic regression was performed to
determine the association between patient characteris-
tics and presence of CVD and then to predict change
in CVD status. Survival curves were generated by the
Kaplan–Meier method and compared by the log-rank
test. Statistical analysis was performed using SPSS for
Windows software, version 13.0 (SPSS Inc., Chicago,
IL, USA). A two-tailed p-value <0.05 was considered
statistically significant.

RESULTS

Baseline Characteristics
In the prospective study, 254 patients (109 men and
145 women) participated. Table 1 shows the baseline
demographics of the whole cohort. The mean calculated
CCr was 67.85 ± 21.39 L/week/1.73 m2 and Kt/V urea
was 2.17 ± 0.54. The prevalence of the causes of
kidney disease paralleled those in the national registries:

glomerulonephritis 61 (24%), diabetes 48 (18.9%),
hypertension 30 (11.8%), polycystic kidney disease 8
(3.1%), obstructive nephropathy 8 (3.1%), pyelonephri-
tis 6 (2.4%), lupus nephritis 4 (1.6%), vasculitis 4
(1.6%), and others/unknown 85 (33.5%).

Change in CVD Status during Follow-Up
Of the 254 patients included in this analysis, 23 patients
died; 15 (15/23, 62.5%) patients died with CVD. The
median duration of follow-ups was 44.13 months. Dur-
ing the follow-up period, 93 of 254 (93/254, 36.6%)
patients developed new or worsening cardiac symptoms
or were hospitalized for cardiac disease. Of the 144
patients who had no preexisting CVD, 53 (36%) devel-
oped new CVD, this in contrast to the 110 patients
with preexisting cardiac disease, of which 40 (36%)
developed a new event or worsening of CVD.

Tables 1 and 2 describe the results of a univariate
analysis comparing the association of conventional and
uremia-related variables with change in CVD status in
patients with and without preexisting CVD. Note that
diabetes at baseline predicts changes in CVD status in
both groups of patients.

Table 1. Patient characteristics associated with CVD status in patients with and without CVD.

No preexisting CVD (N = 144) Preexisting CVD (N = 110)
Variables

No CVD (N = 91) CVD (N = 53) p-Value Stable (N = 70) Worsening (N = 40) p-Value

Age (r) 51.91 ± 14.96 51.60 ± 22.50 NS 58.94 ± 15.34 67.89 ± 67.89 0.06
Gender (M:F) 33:40 20:24 NS 37:51 19:30 NS
Diabetes (%) 7 (7.8) 15 (28.3) 0.04 8 (11.4) 11 (27.5) 0.05
BMI (kg/m2) 21.36 ± 2.94 22.56 ± 3.22 NS 21.88 ± 21.88 21.10 ± 6.19 NS
Previous month on PD (month) 42.52 ± 14.34 43.67 ± 16.783 NS 45.76 ± 13.28 58.68 ± 13.74 0.007
D/P Cr 0.62 ± 0.17 0.69 ± 0.15 0.051 0.62 ± 0.13 0.67 ± 0.11 NS
CCr (L/week/1.73 m2) 71.06 ± 23.96 57.24 ± 13.86 0.045 71.89 ± 20.45 63.74 ± 10.25 NS
Kt/V urea 2.23 ± 0.57 1.82 ± 0.41 0.015 2.23 ± 0.52 2.16 ± 0.46 NS
PCR 1.04 ± 0.30 0.87 ± 0.22 0.029 0.95 ± 0.23 0.96 ± 0.24 NS
Systolic BP (mmHg) 137.69 ± 22.39 134.00 ± 27.27 NS 136.17 ± 24.11 146.76 ± 31.66 NS
Diastolic BP (mmHg) 83.77 ± 11.13 83.53 ± 18.07 NS 80.47 ± 16.76 84.41 ± 14.77 NS
Total cholesterol (mmol/L) 5.12 ± 2.52 5.39 ± 2.91 NS 5.18 ± 1.31 5.64 ± 1.36 NS
Triglycerides (mmol/L) 1.72 ± 0.84 1.61 ± 1.09 NS 1.43 ± 0.89 2.64 ± 1.58 0.001
Hemoglobin (g/L) 101.79 ± 22.39 93.73 ± 23.51 NS 103.88 ± 19.5 96.32 ± 19.28 NS
Hematocrit (%) 29.43 ± 7.39 30.12 ± 6.44 NS 31.38 ± 5.98 28.34 ± 6.02 NS
Albumin (g/L) 36.04 ± 6.40 30.86 ± 4.77 0.005 32.61 ± 7.22 30.60 ± 6.57 NS
Prealbumin (g/L) 319.39 ± 78.43 291.71 ± 69.58 NS 313.05 ± 104.20 270.76 ± 71.61 NS
C-reactive protein (mg/L) 6.16 (1.22, 11.90) 13.63 (2.40, 15.32) NS 11.88 (2.20, 14.80) 14.44 (1.8, 15.68) NS
Calcium (mmol/L) 2.25 ± 0.24 2.10 ± 0.26 0.05 2.09 ± 0.28 2.16 ± 0.39 NS
Phosphate (mmol/L) 1.61 ± 0.42 1.84 ± 0.67 NS 1.55 ± 0.49 1.76 ± 0.91 NS
Parathyroid hormone (pg/mL) 276.002 ± 164.74 295.44 ± 181.16 NS 227.09 ± 207.93 228.21 ± 192.18 NS

Table 2. Patient echocardiography and sonographic characterization associated with CVD status in patients with and without CVD.

No preexisting CVD (N = 144) Preexisting CVD (N = 110)
Variables

No CVD (N = 91) CVD (N = 53) p-Value Stable (N = 70) Worsening (N = 40) p-Value

Ejection fraction (%) 63.28 ± 10.44 66.87 ± 5.065 NS 58.88 ± 2.01 55.76 ± 3.99 NS
LAD 37.92 ± 4.75 41.40 ± 3.34 NS 38.59 ± 5.28 44.34 ± 5.73 0.03
LVST (mm) 10.01 ± 1.67 10.17 ± 1.02 NS 9.99 ± 1.13 11.91 ± 11.91 0.02
LVMI (g/m2) 149.44 ± 12.22 151.87 ± 40.86 NS 153.77 ± 43.55 165.99 ± 54.33 0.04
IMT (mm) 0.53 ± 0.18 0.62 ± 0.13 NS 0.67 ± 0.02 0.97 ± 0.33 0.03
Carotid plaque (%) 34 41 NS 55 70 0.03
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In patients who had no preexisting CVD, compared
with the patients who developed CVD in the follow-up
period, no CVD patients have higher CCr, Kt/V urea,
and nPCR. Lower albumin is also associated with
changes in CVD status. There were no apparent asso-
ciations of uremia-specific factors such as hemoglobin,
calcium phosphate product, and intact parathyroid hor-
mone (iPTH) levels with change in CVD status.

However, in the patients who had preexisting CVD,
higher serum triglyceride levels and longer dialysis dura-
tions predicted worsening of CVD over the follow-up
period (Table 1). Table 2 shows that patients with preex-
isting CVD have larger LAD, LVST, and LVMI. There
was a clear association between carotid atherosclerosis
and CVD events. Patients with preexisting CVD events
have higher carotid IMT and more carotid plaques.
It shows that LAD, LVST, LVMI, IMT, and carotid
plaques were associated with the change of CVD status
in this group.

Prevalence of Cardiovascular Disease: A Comparison
of Conventional and Uremia-Related Risk Factors
Comparisons between patients with and without CVD
at the follow-up period are presented in Table 3. The
comparison of adequacy data showed that, compared

with patients without CVD, CVD patients had lower
total Kt/V urea and total CCr, whereas there was no dif-
ference in nPCR and D/P Cr. The total number of
episodes of peritonitis was recorded, and peritonitis was
most frequently found in CVD patients. Peritonitis was
the most frequent in CVD group. Those with CVD at
this period were likely to be diabetic and have longer
dialysis duration, higher triglycerides, lower albumin,
and lower prealbumin.

Table 4 shows that patients with CVD have larger
LAD, LVST, and LVMI than those without CVD.
Patients with CVD events have higher IMT.

The multiple linear regression models in Table 5
show that higher triglycerides, lower albumin, and
longer dialysis duration were independent predictors
of CVD events. Again, peritonitis and IMT were fac-
tors associated with the increased probability of CVD
presence during the follow-up period.

Patient Survival and Predictors of Mortality
Kaplan–Meier analysis of albumin is seen in Figure 1A,
with an observed decrease in patient survival seen
with albumin levels of <33 g/L when compared with
>33 g/L. We saw a marked difference when we divided
patients into those with high and those with low LVMI

Table 3. Conventional and associated risk factors in patients with and without CVD.

CVD (–) (N = 161) CVD (+) (N = 93) p-Value

Age (r) 54.66 ± 15.52 59.79 ± 20.71 NS
Gender (M:F) 70:91 39:54 NS
Diabetes (%) 16 (10) 30 (32.3) 0.002
BMI 21.54 ± 3.07 21.49 ± 5.50 NS
Previous month on PD (month) 39.79 (25.66–54.32) 55.09 (31.23–84) 0.05
D/P Cr 0.66 ± 0.12 0.64 ± 0.11 NS
CCr (L/week/1.73 m2) 70.52 ± 13.44 60.22 ± 12.16 0.020
Kt/V urea 2.22 ± 0.56 2.01 ± 0.46 0.047
PCR 1.01 ± 0.33 0.91 ± 0.23 NS
Systolic BP (mmHg) 136.96 ± 22.53 142.03 ± 29.86 NS
Diastolic BP (mmHg) 82.72 ± 13.45 84.78 ± 16.04 NS
Total cholesterol (mmol/L) 5.17 (4.55–6.2) 5.53 (4.54–6.56) NS
Triglycerides (mmol/L) 1.18 (1.05–1.78) 1.81 (1.23–1.98) 0.015
Hemoglobin (g/L) 102.27 ± 21.05 95.26 ± 21.01 NS
Hematocrit (%) 30.19 ± 6.70 28.80 ± 6.04 NS
Albumin (g/L) 34.75 ± 6.79 30.67 ± 5.76 0.002
Prealbumin (g/L) 314.60 ± 88.35 277.46 ± 70.21 0.043
C-reactive protein (mg/L) 8.23 (1.02–8.98) 14.63 (6.57–15.33) NS
Calcium (mmol/L) 2.21 ± 0.34 2.15 ± 0.65 NS
Phosphate (mmol/L) 1.53 ± 0.13 1.69 ± 0.43 NS
Parathyroid hormone (pg/mL) 249.83 (88.99–389.45) 255.11 (100.2–453.2) NS
Peritonitis (patient month) 82 66 0.04

Table 4. Echocardiography and sonographic characterization in patients with and without CVD.

Characteristic CVD (–) (N = 161) CVD (+) (N = 93) p-Value

Ejection fraction (%) 68.55 ± 7.81 59.67 ± 9.66 NS
LAD (mm) 38.02 ± 4.77 43.16 ± 4.93 0.002
LVST (mm) 10.01 ± 1.45 11.19 ± 2.05 0.029
LVMI (g/m2) 150.28 (131.43–186.55) 192.03 (125.32–267.21) 0.014
IMT (mm) 0.65 (0.41–0.87) 0.80 (0.54–0.91) 0.05
Carotid plaque (%) 59.6 67.5 NS

© 2012 Informa Healthcare USA, Inc.



32 S. Mou et al.

Table 5. Multivariate analysis of risk factors associated with the
presence of CVD.

Variables Odds ratio 95% confidence
interval

p-Value

Albumin (g/L) 0.829 0.757–0.908 0.000
Triglycerides (mmol/L) 1.588 1.066–2.365 0.023
Peritonitis (patient

month)
0.339 0.139–0.828 0.018

IMT (mm) 4.099 2.000–4.312 0.042
Previous month on PD

(month)
1.927 1.887–1.97 0.001

levels (Figure 1B). The survival curves for patients in
Figure 1C show the impact that CVD has at base-
line on the survival rate. The prevalence of peritonitis
is also associated with CVD events (Figure 1D). Peri-
tonitis and the presence of CVD, which appear to
be independent risk factors of mortality, frequently
coincide.

DISCUSSION

Cardiac disease is the single most important cause
of death among patients receiving long-term dialysis,
accounting for 44% of overall mortality.3,9 Both tra-
ditional and nontraditional CV risk factors are very
prevalent in the incidence of CVD events in this popula-
tion. We outlined not only the importance of traditional
risk factors such as diabetes and dyslipidemic changes
but also the nontraditional risk factors such as uremia-
related toxin, malnutrition, inflammation, and anemia
in this population.

This study further shows the association of conven-
tional risk factors with kidney function decline and also
shows an additional association of CVD presence with
kidney survival. We have demonstrated many uremia-
related risk factors associated with CVD events, CCr,
Kt/V urea, and the duration of PD. Our studies suggest
that the degree of uremia or reduced total urea and CCr
may be responsible for the progressive CVD observed
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Figure 1. Kaplan–Meier curves of time to cumulative survival by CVD status: (A) albumin, (B) LVMI, (C) no history of CVD versus
history of CVD, and (D) no peritonitis versus peritonitis.
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in long-term continuous ambulatory peritoneal dialysis
(CAPD) patients, although the exact uremic toxin caus-
ing CVD needs further determination. If the patients
who did not have preexisting CVD developed CVD dur-
ing the follow-up, this population has lower CCr, Kt/V ,
and nPCR. Patients who have had PD for a longer
duration and who have lower CCr, Kt/V , and nPCR
are more likely to have experienced CVD events. It is
important to caution that our study is a single-center
study in nature. Furthermore, multicenter prospective
study is therefore needed to determine if there is indeed
a cause and effect relationship between uremic toxin
and CVD.

In the study presented here, low serum albumin was
a strong predictor of mortality in the univariate anal-
ysis, which is in agreement with several other reports.
Previous studies showed hypoalbuminemia was associ-
ated with progressive left ventricular hypertrophy (LVH)
and cardiac failure in dialysis patients.16 Foley et al.17

reported that hypoalbuminemia and hyperalbuminemia
were associated with the development of de novo and
recurrent cardiac failure and ischemic cardiac disease in
hemodialysis (HD) patients and in patients on CAPD.
This also suggests that malnutrition and CVD are inter-
related, although serum albumin is far from an ideal
indicator of nutritional status. Especially compared with
patients who had preexisting CVD, those who had no
preexisting CVD are more hypoalbuminemic if they
developed CVD during the follow-up time. This sug-
gests that the novel association between PD and severity
of CVD may be mediated in part by hypoalbuminemia.
Serum albumin was also a strong predictor of mortality:
if serum albumin is lower than 33 g/L, the risk of CVD
is higher.

We have a measure of LAD, LVST, and LVMI. LVMI
as an indicator of LVH has recently been described as
predicting morbidity and mortality and contributing to
cardiac dysfunction18 in cardiac populations. Our anal-
ysis shows that LVMI is significantly different between
those patients with and without CVD at follow-up time.
In our PD patients, ischemic heart disease group had
higher LVMI and LVST. Of note, we also found that
LVMI predicts incident CVD events. This finding indi-
cates that the study of the left atrium may provide
not only important anatomic details that are useful
in interpretation of cardiomyopathy in CAPD patients
but also complementary prognostic information for risk
stratification in this condition.

Atherosclerosis is a manifestation of the pathophys-
iology underlying CVD. The links between carotid
IMT and atherosclerosis are well established and IMT
measurements, as markers of atherosclerosis, have con-
tributed greatly to the understanding of atherosclerosis
progression.19 As well as carotid IMT, carotid plaques
are also a measure of atherosclerosis, perhaps hav-
ing different attributes or risk associations but still
closely related.20 In our study, if patients had a CVD
history before dialysis, the carotid plaques and IMT

measurements predicted a risk for CVD during the
follow-up period. The IMT and plaque measurements
are all sensitive markers for arteriosclerosis after the
patients accepted PD treatment.

Anemia is also a complication in patients with CKD
and those with renal insufficiencies. Observational stud-
ies have shown that anemia is a risk factor for adverse
CVD outcomes in dialysis patients. In a 1996 study,
Foley et al.21 showed that a low Hb level (<8.8 g/dL)
was a risk factor for all-cause mortality in univari-
ate analysis. In our study, the therapeutic potential of
recombinant erythropoietin (EPO) in treating patients
with anemia and PD made correction of anemia a real-
ity. With the average hemoglobin level being around
100.4 g/dL, we did not find an association between Hb
and CVD. Maybe the patients we observed got their
desirable Hb in chronic PD period.

Nevertheless, a number of weaknesses are inherent
in this study design, including biases such as patient
selection and survival. Our study is a single-center pop-
ulation study; only one center with a limited number of
patients was included, so it may be difficult to extrap-
olate the results to all PD patients. Some prospective
longitudinal studies are needed to evaluate the risk
factors of CVD in PD patients.

In summary, on the basis of our findings, the preva-
lence of CVD in the population with PD is high. We
feel that greater efforts must be adopted to increase
the awareness of the physician’s involvement with PD
patients with regard to CVD. This could be done
by considering adequacy of dialysis, nutritional sta-
tus, LVH, carotid atherosclerosis, and past history of
CVD—all in order to improve the CV outcome of such
a high-risk population.
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