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Abstract 

Background and purpose: Identification of the risk factors for cause-specific mortality may 
improve the understanding of the pathophysiological mechanisms, which lead to death 
and may also offer an opportunity to look for preventive strategies. Therefore, we 
performed a multicenter prospective cohort study to identify risk factors for 
cardiovascular and non-cardiovascular mortality in hemodialysis (HD) and peritoneal 
dialysis (PD) patients. 
Methods: New chronic dialysis patients of 13 dialysis centers were consecutively included. 
Cox proportional hazards regression was used to identify baseline characteristics that 
predicted cardiovascular and non-cardiovascular mortality. 
Results: 250 patients, 132 H D and 118 PD, were included. The mean follow-up was 26 
months (range 4-44 months). At the end of follow up 42 H D patients had died, 21 
because of cardiovascular and 21 because of non-cardiovascular causes. In the P D group, 
33 patients had died, 11 due to cardiovascular causes and 22 because of non-
cardiovascular causes. In H D patients, cardiovascular mortality was determined by 
presence of cardiovascular comorbidity. Higher age, presence of comorbidity and low 
serum hemoglobin levels were predictors of non-cardiovascular death in HD. In PD, 
mainly a higher systolic blood pressure and a lower creatinine removal were associated 
with an increased risk of both cardiovascular and non-cardiovascular mortality. 
Conclusions: In H D , cardiovascular as well as non-cardiovascular mortality were primarily 
determined by patient characteristics, whereas in P D mainly therapy characteristics 
predicted death. In PD, treatment of high systolic blood pressure may be a strategy to 
reduce mortality. Improvement of peritoneal ultrafiltration volume might be an approach 
to reduce especially cardiovascular mortality. Larger studies are needed to evaluate the 
relative contribution of therapy characteristics to cause specific mortality in H D . 
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Introduction 

So far, most studies that addressed the relationship between potential risk factors and 
mortality in dialysis patients focussed on overall mortality. These studies have shown that 
comorbidity,1-5 malnutrition,6'8 anemia,6.7.9 hypertension,10"13 and inadequate solute 
removal7.1315 are important risk factors. In peritoneal dialysis (PD) patients, overall 
mortality is also affected by small solute removal,13 peritoneal permeability, and transport 
characteristics.16-20 In hemodialysis (HD) also the biocompatibility of dialysis membranes 
is associated with death risk.21-22 

Identification of the risk factors for cause-specific mortality may improve the 
understanding of the pathophysiological mechanisms, which lead to death, and may also 
offer an opportunity to search for preventive strategies. Attempts have been made to 
study the relationship between risk factors and specific causes of death, such as 
cardiovascular9-12.23-25 and non-cardiovascular death,9 and deaths due to infections.4'22-23.26 

Most of these studies concerned H D patients and were restricted to a single type of 
mortality. In two studies the authors made an explicit distinction between risk factors for 
cardiovascular and non-cardiovascular death or lethal infections and considered the 
possibility that the importance of risk factors may depend on the mode of dialysis.9.26 

However, Bloembergen et al.26 only studied prevalent dialysis patients. Moreover, the 
authors did not include in their analysis important risk factors, such as comorbidity,26 urea 
and creatinine kinetics.9-26 

In an earlier publication we reported that age, small solute removal and systolic blood 
pressure are determinants of overall mortality in PD.13 In the present study, we extended 
our analyses to the H D patients and focused on the cause-specific mortality with the aim 
to identify risk factors for cardiovascular and non-cardiovascular mortality in new patients 
who started on H D and PD. 

Patients and methods 

Patients and follow-up 

Eligible for the study were end-stage renal disease (ESRD) patients older than 18 years 
starting chronic dialysis who had never received renal replacement therapy in the past and 
who had survived the first 3 months on dialysis. Included were consecutive patients from 
13 Dutch dialysis centers who started dialysis between October 1, 1993 and April 1, 1995 
and gave informed consent. Measurement at 3 months after initiation of dialysis was 
taken as baseline. The patient cohort was followed until July 1, 1997. 

Data collection at baseline 

At baseline we collected information on age, sex, smoking behavior, primary renal disease, 
comorbid conditions, blood pressure and blood tests, nutritional status, residual renal 
function, therapy characteristics, and use of medication. 
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Primary renal disease and comorbid conditions 
Primary renal disease was classified according to the codes of the European Dialysis and 
Transplant Association-European Renal Association Registry (EDTA-ERA). Comorbid 
cardiovascular disease was recorded if one of the following conditions was present: angina 
pectoris, myocardial infarction, Class III to IV congestive heart failure, peripheral vascular 
disease, or cerebrovascular accident. Davies' risk score was used to express the presence 
of comorbidity.2-

Blood pressure and blood tests 
In H D patients, blood pressure was measured before and after dialysis during a period of 
two weeks. Subsequently, all systolic and diastolic pressures were averaged. In PD 
patients, blood pressure was measured at a routine visit in the outpatient clinic. Mean 
arterial blood pressure was calculated as diastolic blood pressure+l/3*(systolic blood 
pressure-diastolic blood pressure). Blood tests included hemoglobin, serum albumin, 
plasma urea, and plasma creatinine. In H D , the blood samples were taken before dialysis. 

Nutritional status 
The nutritional status of the patients was assessed by the body mass index (BMI), serum 
albumin, and by an estimation of dietary protein intake. The latter was estimated as 
protein equivalent of nitrogen appearance (PNA) (in HD: PN A (g/24 hr)=9.35*urea 
generation rate (mg/min)+0.294*urea distribution volume (L),27 in PD: PNA 
(g/24hr)=19+0.2134*urea appearance (mmol/24hr)28) normalized to actual body weight 
(nPNA). The urea distribution volume (V) was determined by the formula of Watson et 
al.29 for total body water. 

Renal function 
In H D , urine was collected during the interdialytic interval and in PD during 24 hours. 
We assessed the daily urine volume, residual glomerular filtration rate (rGFR), renal 
Kt/Vurca, renal creatinine clearance, as well as the urinary urea and creatinine appearance. 
The rGFR was defined as the mean of the urea and creatinine clearances and expressed in 
mL/min/1.73m2 . 

Therapy characteristics and use of medication 
For H D the Kt/VUrea was estimated with a second generation Daugirdas formula.30 

Peritoneal Kt/Vurea and creatinine clearance were calculated from a 24 hour dialysate 
collection. Total clearance of waste products (renal function plus dialysis) was expressed 
as total Kt/Vurca (/wk) for both H D and PD patients, and as total creatinine clearance for 
PD patients. The absolute quantity of small solutes removed (renal function plus dialysis) 
was estimated by the total weekly urea appearance in both H D and PD, and as total 
creatinine appearance in PD. In H D patients, dialysate urea appearance was estimated on 
the basis of Kt/Vurea. In the P D group, the dialysate/plasma ratio of creatinine 
(D/Pcreannine) was calculated from the concentrations of creatinine in 24 hour dialysate and 
plasma. Patients were classified as high transporters if D / P creatinine was higher than the 
mean value plus one SD.31 Total fluid removal was estimated as urine volume plus 
ultrafiltration by H D or PD. Information about medication (use of antihypertensiva 
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agents and erythropoietin) was collected from the medical records. 

Mortality 

Data on mortality were obtained from the medical records collected by instructed nurses 
in the participating dialysis centers. Causes of death were classified by the nephrologist of 
the patient according to the codes of the EDTA-ERA. Death was regarded as 
cardiovascular if its cause was coded as 11 to 18 or as 21 to 29. All other causes of death 
were considered non-cardiovascular. 

Statistical analysis 

Comparison of differences in baseline characteristics between patients treated by H D and 
PD was done by Student's t-tests and Chi-square-tests, when appropriate. In the analyses, 
a two sided P-value <0.05 was considered statistically significant. Survival curves were 
estimated using the Kaplan-Meier method. For cardiovascular mortality, cardiovascular 
death was the event; censored observations were death of other causes, and 
transplantation. For the analysis of non-cardiovascular mortality, non-cardiovascular 
death was the event; censored observations were cardiovascular death, and 
transplantation. Patients alive and on dialysis on July 1, 1997 were censored at that date. 

To examine the (independent) associations between baseline characteristics and time 
to cardiovascular and non-cardiovascular death, we used a Cox proportional hazards 
model. Initially, we performed a univariate analysis. Subsequently, all variables significant 
at a P<0.20 in univariate regression were stepwise presented to a multivariate Cox model 
to assess their independent prognostic value. Within each step significant risk factors were 
selected with a forward selection strategy, using the likelihood ratio statistic with P=0.05 
on the criterion level for selection. Firstly, patient variables not affected by therapy 
(demographic variables, primary renal disease, and the parameters of comorbidity) were 
presented to the model. Secondly, parameters partly determined by therapy, (residual renal 
function, hemodynamics, nutritional status, and laboratory tests) were entered, followed 
by the therapy characteristics themselves (adequacy parameters and medication). In PD, 
separate models were built for urea and creatinine removal, whereas in H D model 
building was only possible for urea removal. Effect sizes were expressed in Relative Risk 
estimates (with their 95% confidence limits). 

All analyses were performed with SAS for Windows 6.11 (SAS Institute Inc., Cary, 
NC, USA) and SPSS for Windows 7.5.2 (SPSS Inc., Chicago, IL, USA). 

Results 

Patients and baseline characteristics 
Included were 250 patients, 132 on H D and 118 on PD. In 64% of the patients H D was 
chosen for medical reasons, for PD this was 19%. Baseline data on demography, smoking 
status, primary renal disease, comorbidity, and blood pressure are shown in Table 1. 
Compared to the H D patients, the patients on PD were younger, had lower systolic and 
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59 (16) 54 (14) 
53 64 
27 30 

24 23 
14 16 
9 16 
54 45 

17 20 
33 28 
15 14 
11 10 
10 9 
6 4 

15 

Table 1. Baseline characteristics by dialysis modality (mean (SD) or %): demographics, 
comorbidity, and blood pressure.  

H P (N=132) PD (N^ÏTË 
Demographics and comorbidity 
Age 
Sex (% male) 
Current smoker (%) 
Primary renal disease (% )« 

renal vascular disease 
diabetes mellitus 
glomerulonephritis 
other 

Comorbidity (% ) 
diabetes mellitus 
cardiovascular disease 

ischaemic heart disease 
angina pectoris 
myocardial infarction 

congestive heart failure (NYHA Ill/TV) 
cerebrovascular accident 
peripheral vascular disease 

Davies risk score * 

grade I (0 conditions) 
grade II (1-2 conditions) 
grade III (3-4 conditions) 

Blood pressure 
Systolic blood pressure (mm Hg) 

preanalysis 
postdialysis 

Diastolic blood pressure (mm Hg) 
preanalysis 
postdialysis 

Mean arterial pressure (mm Hg) 
predialysis 
postdialysis 

»values may not total 100% because of rounding off; PD vs HD: #P<0.01, *P<0.05; 
defined as the mean of pre en post dialysis values. 

higher diastolic blood pressures. In further analyses, the subgroups of patients with 
intermediate and severe comorbidity were combined, because of the small number of 
patients with severe comorbidity. The baseline values for blood tests, nutritional status, 
renal function, therapy characteristics, and medication are shown in Table 2. P D patients 
were less anemic, had a lower serum albumin level and higher plasma creatinine, a lower 
total Kt/Vurea and urea appearance, a higher urinary creatinine appearance, a higher urine 
volume and a higher fluid removal than H D patients. In addition, P D patients used 
erythropoietin less frequently. 

Follow up and events 
The mean follow-up was 26 months (range 4-44 months) after start of dialysis. The events 

46 53 
47 41 
7 7 

148 (16)® 142 (22): 

155 (18) -
141 (17) -
81 (9)® 85 (11)# 

83 (10) -
79(9) -
103 (10)® 104 (13) 

107(11) -
100(11) -
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Table 2. Baseline characteristics by dialysis modality (mean (SD) or ' Vo): blood tests, 
nutritional status, renal function, therapy cr. laracteristics, and use of medication. 

HD (N=132) PD(N=118) 
Blood tests 
Hemoglobin (g/dL) 10.2 (1.4) 11.4(1.5)* 
Serum albumin (g/L) 37.8 (4.6) 36.0 (6.0)* 
Plasma urea (mmol/L) 640(178)® 804(215)* 

predialysis 874 (227) -
postdialysis 404 (144) -

Plasma creatinine (|±mol/L) 19.3 (4.6) * 23.1 (7.0)* 
predialysis 27.0 (6.1) -

postdialysis 11.5(4.2) -
Nutritional status 
nPNA (g/kg/24hr) 1.0 (0.3) 1.1 (0.3) 
Body Mass Index (kg/m2) 24.5 (4.4) 23.1 (3.5) 
Renal function 
Residual GFR (mL/min/ 1.73m2) 2.9 (2.5) 2.9 (2.2) 
Therapy 
Kt/Vu«, (/wk) total 3.4(1.0) 2.1 (0.5)* 

renal 0.6 (0.5) 0.6 (0.4) 
Creatinine clearance (L/wk/1.73m2) total - 83 (29) 

renal 39 (34) 40 (30) 
Urea appearance (mmol/wk/1.73m2) total 2109 (600) 1671 (578)* 

renal 391 (343) 445 (380) 
Creatinine appearance (mmol/ wk/1.73m2) total - 64 (19) 

renal 24 (21) 29 (20)* 
Fluid removal (mL/24 hr) total 1155(448) 1547 (912)* 

renal 584 (433) 771 (698)* 
D/Pc„arin,„c > mean + SD (%) - 12 
Dialysis membrane (%) 

modified cellulose 53 _ 
synthetic 47 _ 

Medication (%) 
Antihypertensive agents 63 66 
Erythropoietin 81 67* 

PD vs HD: * P<0.01; * P<0.05; K defined as the mean of pre en post dialysis values. 

during follow-up and patient status at the end of that period are summarized in Table 3. 
At that time, 54 of the 132 H D patients were alive and on dialysis, of whom 53 (40%) 
were still on the initial HD. Of the 118 PD patients, 39 were alive and on dialysis, 20 
(17%) of them were still on the initial PD. In the H D subgroup 42 (32%) patients had 
died, 21 because of cardiovascular and 21 because of non-cardiovascular causes. In the 
PD group 33 (28%) patients had died, 11 due to cardiovascular causes and 22 because of 
non-cardiovascular causes (Table 3). No statistically significant differences (Chi-square 
analysis, P=0.15) were observed in frequencies of causes of death between H D and PD. 
The crude cardiovascular and non-cardiovascular mortality rates in H D and P D patients 
are shown in Figure 1. 

Risk factors for cardiovascular mortality 

The univariate associations between baseline characteristics and cardiovascular mortality 
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Table 3. Follow-up: parient status, events, mortality, and cause of death (N (%)). 
HD PD 

Patients at baseline » N (%) 132 (100) 118(100) 
Alive and on dialysis at the end of follow-up 54 (41) 39 (33) 
Dialysis discontinued because of 78 (59) 79 (67) 

Kidney transplant 34 (26) 46 (39) 
Recover)' of renal function 2 ( 2 ) -
Death 42 (32) 33 (28) 

Causes of death 
Cardiovascular 21 (16) 11(9) 
Non-cardiovascular 21 (16) 22 (19) 

Infection 6(5) 8(7) 
Malignancy 2(2) 2(2) 
Withdrawal from dialysis at patient's r equest 6(5) 4(3) 
Various other causes 7(5) 8(7) 

percentages may not total 100 because of rounding off. 

cardiovascular 

non-cardiovascular 

1—'—'—I—'—'—I—'—<—\ 
30 36 42 48 0 6 12 

Months after start dialysis 

Figure 1. Cardiovascular and non-cardiovascular survival by modality. 

(P<0.20) are shown in Table 4. On a multivariate level, cardiovascular comorbidity was 
the only determinant of cardiovascular death in H D . Patients with cardiovascular 
comorbidity had an 8.6 (95%CI: 2.91-25.70) times higher risk of cardiovascular death than 
patients without cardiovascular comorbidity (Table 5). 

In PD, an increase of 10 mmHg systolic blood pressure was associated with a 70% 
risk increase of cardiovascular death (RR=1.70, 95%CI: 1.12-2.58), whereas a higher 
urinary creatinine appearance (RR=0.92, 95%CI: 0.86-0.98), a higher dialysate creatinine 
appearance (RR=0.87, 95%CI: 0.78-0.97), as well as a higher peritoneal ultrafiltration 
(RR=0.66, 95%CI: 0.44-0.99) were significantly associated with a lower risk of 
cardiovascular mortality. 

Risk factors for non-cardiovascular mortality 
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Table 4. Factors univariately associated (P<0.20) with cardiovascular and non cardiovascular mortality. 

cardiovascular non-cardiovascular 
mortality mort; ility 

Factor HD PD HD PD 

Demographics and comorbidity 
Age (1 year) 1.03 1.04 1.06 1.07 
Gender female 0.48 - - -
Primary renal disease diabetes mellitus 1.44 - - -

hypertensiont/rvd 0.59 - - -
glomerulonephritis ref - - -
other 0.30 - - -

Diabetes mellitus present 2.46 - - -
Cardiovascular disease present 8.64 - - 2.10 
Comorbidity Davies risk score grade II/III 18.37 - 5.43 2.29 
Renal function 
Urinary urea appearance (100 mmol/wk/1.73m2) - - - 0.87 
Urinary creatinine appearance (mmol/wk/1.73m2) - - - 0.98 
Urine volume (100 ml/24hr) - 1.05 - -
Blood pressure 
Systolic blood pressure (10 mmHg) - 1.38 - 1.19 
Mean blood pressure (10 mmHg) - 1.39 - -
Blood tests 
Serum albumin (g/L) - 0.94 0.87 -
Hemoglobin (g/dL) - - 0.79 -
Plasma urea (mmol/L) - - - 0.95 

predialysis - na - na 
postdialysis 1.07 na - na 

Plasma creatinine (100|lmol/L) - - - 0.87 
predialysis 0.85 na - na 
postdialysis - na - na 

Therapy 
Kt/Vu„,(0.1/wk) total 0.96 - - -

dialysis 0.96 - - -
Creatinine clearance (L/wk/1.73m2) total na 0.90 na -

dialysis na - na -
Urea appearance (100 mmol/wk/ 1.73m2) total - 0.82 - 0.90 

dialysis - 0.78 - 0.91 
Creatinine appearance (mmol/wk/1.73m2) total na 0.94 na 0.97 

dialysis na 0.95 na 0.97 
Fluid removal (500 ml/24hr) total - 0.71 0.62 1.21 

dialysis - 0.64 0.51 1.39 
Antihypertensive medication yes - - - 0.47 
Erythropoietin use yes - 4.81 0.51 -

-: association absent; na: not applicable. 

The univariate associations between baseline characteristics and non-cardiovascular 

mortality (P<0.20) are shown in Table 4. On a multivariate level, in H D , a one-year 

increase in age was associated with a 7% increase in non-cardiovascular mortality 

(RR=1.07, 95%CI: 1.02-1.12). Patients with comorbid diseases had a five times higher risk 

of non-cardiovascular death compared to patients without comorbidities (RR=4.98, 



RR» 9 5 % C P RR 95% CI 

8.64 2.91-25.70 
- - 1.70 1.12-2.58 

- - 0.92 0.86-0.98 

- - 0.87 0.78-0.97 

- - 0.66 0.44-0.99 

1.07 1.02-1.12 1.09 1.03-1.15 

4.98 1.44-17.16 - -
- - 1.31 1.04-1.65 

0.67 0.50-0.91 - -
- - 0.93 0.88-0.98 

- - 0.94 0.89-0.99 

- - 1.70 1.23-2.37 
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Table 5. Cox proportional hazards models for cause specific mortality per dialysis modality. 
HD PD 

Factor 

Cardiovascular mortality 
Cardiovascular disease (present) 

Systolic BP (10 mm Hg T) 

Urinary creatinine appearance (lmmol/wk/1.73m2T) 

Dialysate creatinine appearance (lmmol/wk/1.73m2T) 

Peritoneal ultrafiltration (500 mL/24hr T) 

Non-cardiovascular mortality 
Age (1 year T) 
Comorbidity (Davies risk score grade II/III) 
Systolic BP (10 mmHg T) 
Hemoglobin (1 g/dL T) 
Urinary creatinine appearance (lmmol/wk/1.73m2T) 

Dialysate creatinine appearance (lmmol/wk/1.73m2T) 
Total fluid removal (500 mL/24hrî)  

': RR = Relative Risk of death; b: CI = Confidence Interval. 

95%CI: 1.44-17.16). An increase in serum hemoglobin level of l g / d L was associated with 
a 3 3 % decrease in risk of non-cardiovascular death (RR=0.67,95%CI:0.50-0.91) (Table 5). 

In PD, older age (RR=1.09, 95%CI:1.03-1.15), a higher systolic blood pressure 
(RR=1.31, 95%CI:1.04-1.65), and a higher excess water removal (RR=1.70, 95%CI:1.23-
2.37) were independently associated with a higher risk of non-cardiovascular death (Table 
5). A higher urinary creatinine appearance (RR=0.93, 95%CI:0.88-0.98) and dialysate 
creatinine appearance (RR=0.94, 95%CI:0.89-0.99) were independently associated with a 
lower probability of non-cardiovascular death (Table 5). 

Discussion 

In this prospective cohort study, we described the cardiovascular and non-cardiovascular 
mortality rates in new H D and PD patients and identified their associated risk factors. In 
H D patients, cardiovascular mortality could only be explained by the presence of 
cardiovascular comorbidity. Older age, comorbid conditions, and lower levels of 
hemoglobin, turned out to be independent risk factors for non-cardiovascular death. In 
PD, mainly high systolic blood pressure and lower creatinine appearances were 
independently associated with an increased risk of both cardiovascular and non-
cardiovascular mortality. 

Risk factors for cardiovascular mortality 

Hemodialysis 
Cardiovascular comorbidity present at the start of dialysis appeared to be the strongest 
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predictor of cardiovascular mortality in H D patients. In contrast to others9-23 we could 
not demonstrate an association between hypoalbuminemia and cardiovascular mortality. 
Neither could we demonstrate an impact of blood pressure on cardiovascular mortality in 
HD. We are aware of only two studies on the association between blood pressure and 
cardiovascular mortality.12'25 In a prospective study of 5433 patients a U-curve association 
was observed between postdialysis systolic blood pressure and cardiovascular death.12 In 
the same study a diastolic blood pressure .>90 mmHg was associated with an increased 
cardiovascular mortality risk. In contrast, Blacher et al. observed an increased 
cardiovascular death risk in patients with decreasing diastolic blood pressure.25 Also 
studies on the association between blood pressure and overall death do not give a 
consistent picture. Regarding the mean arterial pressure, Charra and colleagues have 
shown a relationship between a high predialysis mean arterial pressure and increased 
overall death risk,11-32 whereas Foley et al. found exactly the opposite.9 With respect to 
both pre- and postdialysis values of systolic blood pressure a U-curve association has 
been observed with overall mortality.12-33 In Japanese H D patients high systolic blood 
pressure was associated with increased death probability.34 Duranti et al., however, did not 
find an effect of hypertension on overall survival in a mixed group of H D and PD 
patients.35 A relationship between low diastolic blood pressure and increased overall death 
risk was found in two studies.25-36 

The results of most studies so far suggest that: (a) the influence of blood pressure on 
survival of H D patients is modest; and (b) the relationship between hypertension and 
death depends upon the definition of hypertension, as high systolic blood pressure and 
low diastolic pressure are associated with increased death risk, and; (c) time-varying blood 
pressure values are stronger predictors of mortality than baseline values.12 The fact that 
we did not find an association between blood pressure and any type of mortality in H D 
may therefore be due to insufficient statistical power to detect a relatively small effect, as 
well as to the fact that we used baseline and not time-dependent values of blood pressure. 

Peritoneal dialysis 

In contrast to HD, systolic blood pressure was an important determinant of mortality in 
PD. This finding corresponds with information from the general population, where 
systolic hypertension is also associated with an elevated risk of cardiovascular death.37 

Systolic blood pressure is linked with arterial stiffness and probably fluid overload. In our 
study it was not possible to identify the relative contributions of these conditions to the 
actual blood pressure. 

A high D/Pcrearinine has been shown to be linked to overall mortality.16-20 We did not 
perform a formal peritoneal equilibration test, but we could demonstrate that lower 
peritoneal drain volumes and lower dialysate creatinine appearances, which are features of 
a high D / P ratio, were independent predictors of cardiovascular death. 

Risk factors for non-cardiovascular mortality 

Hemodialysis 

Our study confirmed the generally observed important impact of comorbidity on 
mortality.1"5 Also lower hemoglobin levels were associated with increased non-
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cardiovascular death risk as opposed to no association with cardiovascular death. This 
observation supports the finding of Keane et al.,23 showing that anemia was primarily 
associated with infectious death but not with cardiac death. Anemia has also been 
identified as a predictor of overall mortality in H D patients. 5-7>9 

Peritoneal dialysis 

To our knowledge, a relationship between systolic blood pressure and non-cardiovascular 
mortality in PD patients has not been described previously. Similar to cardiovascular 
death, high systolic blood pressure and low creatinine appearance predicted non-
cardiovascular mortality. High systolic blood pressure is a measure for arterial rigidity, 
whereas low creatinine appearance reflects low muscle mass and/or inadequate creatinine 
removal in stable patients. Bergström and Lindholm recently discussed the possibility of 
chronic inflammation as a common predisposing factor for infections and cardiovascular 
disease in dialysis patients.38 They also speculated that proinflammatory cytokines play an 
important role in the process of muscle proteolysis. If these theories are true, they may 
explain why cardiovascular and non-cardiovascular death in our study partly shared the 
same risk factors. 

Interestingly, we observed an association between a higher total fluid removal and an 
elevated relative risk of non-cardiovascular death in P D patients. This contrasts with our 
observation of a protective effect of a higher peritoneal ultrafiltration on cardiovascular 
mortality. At present, we are unable to give a plausible pathophysiological explanation for 
this unexpected finding. 

Differences in the contribution of risk factors 

The risk profiles for cardiovascular and non-cardiovascular death were quite different in 
H D and PD. In H D age, hemoglobin and comorbidity predicted mortality, whereas in 
PD a more predominant role was present for therapy-related factors such as blood 
pressure and small solute removal. Our findings are not in accordance with study results 
of Lowrie et al.,6 who concluded that the associates of survival appeared similar among 
patients receiving H D or PD. Interestingly, the latter study did not include data on 
comorbid conditions, blood pressure values or adequacy parameters, which were exactly 
the variables that we identified as risk factors for mortality in our cohort. Compared to 
the PD patients, patients on H D were more often selected for their dialysis modality 
because of medical reasons. Since differences in the presence of comorbidity between our 
H D and PD patients were small, this may indicate that the severity of comorbid 
conditions in H D was worse than in PD. In addition, H D patients were older. It can be 
hypothesized that in an older and sicker population it may be more difficult to 
demonstrate an effect of therapy on mortality. 

Conclusions 

It can be concluded that in H D cardiovascular as well as non-cardiovascular mortality 
could partly be explained by baseline patient characteristics. Larger studies are needed to 
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evaluate the relative contribution of specific therapy characteristics to the cause-specific 
mortality in H D . In PD, our results suggest that treatment of high systolic blood pressure 
may be a strategy to reduce mortality. Improvement of peritoneal ultrafiltration volume 
might be an approach to reduce especially cardiovascular mortality. Further studies are 
needed to confirm and clarify the role of fluid removal on cause-specific mortality in PD. 
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