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Chapter 6 

Poor outcome: survival and quality of survival combined 

Merkus MP, Jager KJ, Dekker FW, de Haan RJ, Boeschoten EW, Krediet RT for The 
NECOSAD Study Group. Predictors of poor outcome in chronic dialysis patients: The 
Netherlands Cooperative Study on the Adequacy of Dialysis (NECOSAD). 
{submittedfor publication) 
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Abstract 

Background and purpose: In a prospective cohort study we constructed a composite index of 
poor outcome that incorporates survival, morbidity and quality of life (QL). We identified 
baseline patient and treatment characteristics that predicted poor outcome one year after 
the start of chronic dialysis. 
Methods: Outcome was classified as poor if a patient had died or if at least two of the 
following criteria were present: 1) more than or equal to 30 days of hospitalization per 
year, 2) a serum albumin level less than or equal to 30g/L or a malnutrition index score 
more than or equal to 11, 3) an SF-36 physical summary QL score more than or equal to 
2 standard deviations (SDs) below the general population mean score, and 4) an SF-36 
mental summary QL-score more than or equal to 2 SDs below the general population 
mean score. Multivariate logistic regression analysis was used to identify independent 
predictors of poor outcome. 
Results: Out of 250 included patients, 189 were évaluable with respect to poor outcome. 
Of these patients 47 (25%) were classified as poor. A baseline presence of comorbidity, 
serum albumin <30g/L, physical or mental QL more than or equal to 2 SDs below the 
general population score, and to a lesser extent rGFR <2.5mL/min/ 1.73m2, were 
independendy associated with a greater risk of poor outcome. A post-hoc analysis 
indicated a mean arterial blood pressure >107mmHg to be predictive of poor outcome in 
PD. 
Conclusions, Our prognostic model provides a useful tool to identify chronic dialysis 
patients at risk for poor health status. Strategies aimed at preservation of residual renal 
function, control of blood pressure, and monitoring of QL and consequendy giving 
psychosocial support, may lower the risk of poor outcome. 
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Introduction 

Mortality is the most frequently used outcome parameter for assessment of the 
quality of chronic dialysis treatment.1-8 Besides, technique survival,4'8 morbidity,4'7 and 
quality of life estimation9"11 have also been used, but mostly in separate studies. Moreover, 
the majority of these investigations was heterogeneous with respect to case mix and 
timing in the course of dialysis treatment. 

Most nephrologists have some impression on what from a clinical point of view 
should be considered a poor outcome in their patients besides death. But, this idea is 
often not specified very well. We, therefore, constructed a composite index of poor 
outcome that incorporates information on survival, morbidity and quality of life. In 
addition, we identified baseline patient and treatment characteristics that predicted poor 
outcome one year after the start of chronic dialysis treatment. 

Patients and methods 

Study population 
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 
three months on dialysis were eligible for the study. We included consecutive patients 
from 13 Dutch dialysis centers who started dialysis between October 1, 1993 and April 1, 
1995 after their informed consent was obtained. These patients participated in the 
Netherlands Cooperative Study on the Adequacy of Dialysis, phase 1 (NECOSAD-1). 
Dialysis treatment was prescribed by the individual patient's nephrologist. 

Data collection 
At baseline, i.e. three months after the start of dialysis, information was collected on 
demography, underlying kidney disease and comorbid status. At baseline and one year 
after the start of chronic dialysis, information was gathered on nutritional status, 
hemoglobin, blood pressure, residual renal function, quality of life (QL) and treatment 
characteristics including use of erythropoietin (EPO), total fluid removal and adequacy of 
dialysis. 

The underlying kidney disease was classified according to the codes of the European 
Dialysis and Transplant Association-European Renal Association Registry. Comorbidity 
was defined in terms of presence of conditions not directly related to the uremic state, 
either at the start of dialysis or in the medical history. Next, every patient was assigned a 
low, medium or high death risk index based on comorbidity and to a lesser extent 
advanced age. This classification has been described by Khan et al.5 The low risk group in 
this classification comprises patients <70 years with no comorbid illness. The medium 
risk group includes patients between 70 and 80 years of age, patients < 80 years with one 
or more of the following diseases: angina, myocardial infarction, cardiac failure, chronic 
obstructive airways disease, pulmonary fibrosis, or liver diseases (cirrhosis, chronic 
hepatitis), peripheral vascular and cerebrovascular disease, and patients <70 years with 
diabetes mellitus. The high-risk group comprises patients >80 years, patients of any age 
with two or more organ dysfunctions in addition to end-stage renal disease, and patients 
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of any age with visceral malignancy. In addition, patients were also categorized according 
to Davies' classification.3 This index assesses the presence of more or less the same type 
of comorbidities as Khan's index but does not include age. Subsequently, patients with a 
cumulative score of 0 were classified as having no comorbidity, 1 to 2 as having 
intermediate comorbidity and 3 to 4 as having severe comorbidity. Furthermore, patients 
were classified according to the presence or absence of diabetes mellitus and 
cardiovascular conditions. The latter included angina pectoris, myocardial infarction, Class 
III to IV congestive heart failure, or peripheral vascular disease. 

Nutritional status was assessed by the body mass index, percentage of lean body 
mass, serum albumin, and an estimation of dietary protein intake. Percentage lean body 
mass was estimated by anthropometry from the sum of thickness of the triceps, biceps, 
subscapular, and suprailiac skinfolds, by the method of Durnin and Womersley.12 Since 
skin turgor and hydration may affect subcutaneous skinfold thicknesses, measurements in 
H D patients were made after a dialysis session when the patient was at dry weight. The 
dietary protein intake was assessed as protein catabolic rate (PCR). The following 
equations were used: in HD: PCR (g/24hr)=9.35*urea generation rate 
(mg/min)+0.294*urea distribution volume (L),13 in PD: PCR (g/24hr)=19+0.2134*urea 
appearance (mmol/24hr).14 The values were normalized to actual body weight (nPCR). 
The urea distribution volume (V) was determined by the formula of Watson et al.15 

Subsequently, anthropometric parameters and serum albumin were combined to a 
malnutrition index, corrected for age, sex, height and frame size, similar to the index 
described by Harty et al.,16 but without the use of subjective global assessment. A score of 
11 or higher on this index denotes severe malnutrition. 

In H D patients systolic and diastolic blood pressure were measured pre- and 
postdialysis over a period of two weeks. Subsequently, all systolic and diastolic pressures 
were averaged. In PD, systolic and diastolic blood pressure were measured once, mostly 
at a routine visit in the outpatient clinic. Mean arterial blood pressure was calculated as 
diastolic pressure+l/3*(systolic blood pressure - diastolic blood pressure). 

Renal function was estimated as the residual glomerular filtration rate (rGFR). The 
rGFR was defined as the mean renal clearance of urea and creatinine. 

Total fluid removal (mL/24 hours) was estimated as urine volume plus ultrafiltration 
by hemo- or peritoneal dialysis. 

Total clearance of waste products (renal and dialysis) was expressed as total weekly 
Kt/Vurea in H D and PD patients, and as total creatinine clearance in P D patients. 
Hemodialysis Kt/Vu r e a was estimated using a second generation Daugirdas formula.17 

Peritoneal Kt/Vu r e a and creatinine clearance were calculated from a 24 hour dialysate 

collection. The absolute quantity of small solutes removed was estimated by total weekly 
urea appearance in H D and P D patients, and by total weekly creatinine appearance in PD 
patients. In H D patients, dialysate urea appearance was estimated on the basis of 
Kt/Vurea. In PD the dialysate/plasma ratio of creatinine (D/Pcreaanme) was calculated from 
the concentrations of creatinine in the 24 hour dialysate and the plasma. Patients were 
characterized as having high D/PCreatinine ratios when D/Pcreatimne was higher than the mean 
value plus one standard deviation.18 The H D patients collected all urine during an 
interdialytic interval. Blood samples were taken before and after the dialysis session 
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preceding the interval and at the end of this interval. The P D patients collected 24-hour 
urine and dialysate. A blood sample was taken immediately after the collection period. 

The patients' perception of their level of QL was assessed with the 36 item MOS-
Short Form Health Survey Questionnaire (SF-36™).19 The SF-36 is a generic 
multidimensional instrument consisting of eight multi-item scales representing physical 
functioning, social functioning, role-limitations due to physical problems, role-limitations 
due to emotional problems, mental health, vitality, bodily pain, and general health 
perceptions. The scale scores were transformed to a 0-100 scale, a higher score indicating 
a better QL. Subsequently, the scale scores were standardized to the scale scores of an 
age-matched general Dutch population sample (n=775, age range 45-74; male 66%)20 by 
subtracting the general population mean from the dialysis population mean and dividing it 
by the corresponding scale standard deviation from the general population. The resulting 
so-called standard score or Z-score indicates how many standard deviations the observed 
SF-36 scores of dialysis patients fall below or above the scores of the reference 
population when the scores of the reference population are set at zero. Finally, the 
physical and mental components of the eight scales were combined into a physical (PCS) 
and mental (MCS) component summary score.21 Reliability and validity of the SF-36 has 
been extensively supported in various demographic and patient populations, including 
ESRD patients.19.22-24 

Poor outcome 
Outcome of patients one year after the start of dialysis was classified as poor if a patient 
had died or if at least two of the four following criteria were present: 1) more than or 
equal to 30 days of hospitalization per year, 2) a serum albumin level less than or equal to 
30 g /L or a malnutrition index score more than or equal to 11, 3) an SF-36 physical 
summary quality of life score more than or equal to 2 standard deviations (SDs) below the 
general population mean score (this corresponds to the lowest 2.5% scoring of the norm 
group) and 4) an SF-36 mental summary quality of life score more than or equal to 2 SDs 
below the general population mean score. Causes of death were classified according to the 
codes of the European Dialysis and Transplant Association-European Renal Association 
Registry by the nephrologist taking care of the patient. At the study coordinating center 
these data were checked for completeness using the database of RENINE, the Renal 
Replacement Registry in the Netherlands. 

Data analysis 

Comparisons between groups were done with help of chi-square statistics in case of 
categorical variables and with Student's t-test in case of continuous variables. The impact 
of baseline characteristics on the occurrence of poor outcome one year after the start of 
chronic dialysis treatment was univariately analyzed with the chi-square statistic and 
expressed in crude relative risks (RR) with their 95% confidence intervals (95% CI). 

Subsequently, all variables univariately significantly associated with poor outcome 
with a P-value <0.20 were stepwise presented to a multiple logistic regression model to 
assess their independent prognostic value for poor outcome. Within each step significant 
risk factors were selected with a forward selection strategy using the likelihood ratio 
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statistic with P=0.05 on the criterion level for selection. Initially, data on demography and 
comorbidity were presented to the model (Step I). Subsequently, parameters of nutritional 
status, hemoglobin, blood pressure, and residual renal function were added to the model 
(Step II). Next, parameters of quality of life were presented (Step III), and, finally, 
treatment characteristics (EPO, total fluid removal, adequacy of dialysis) were added to 
the model (Step IV). With respect to adequacy of dialysis variables this step IV was 
performed separately for hemodialysis and peritoneal dialysis patients. The independent 
prognostic values of the variables were expressed in adjusted odds ratios (OR) with their 
95% confidence intervals. The OR can be interpreted as an estimation of the relative risk 
of poor outcome. 

Calibration of the final regression model was assessed with the Hosmer-Lemeshow 
goodness-of-fit test.25 This test compares observed and expected frequencies of the 
outcome in groups based on the values of the estimated probabilities, using the logistic 
model. In this test, a high P-value indicates that the model is performing well, i.e. that 
there is not a large discrepancy between observed and expected outcome. Discrimination 
of the model was assessed using the area under the receiver operating characteristic 
(ROC) curve26 to evaluate how well the model distinguished between patients with and 
without poor outcome. A value of 0.50 is obtained when a model does no better than 
chance, and a value of 1.0 means perfect accuracy. All analyses were performed with SPSS 
for Windows 8.0 (SPSS Inc., Chicago IL, USA). 

Results 

Study population and baseline characteristics 

Out of 250 included patients (132 H D , 118 PD), 189 (76%) patients (97 HD, 92 PD) 
were évaluable with respect to poor outcome one year after the start of dialysis. Thirty-
one patients dropped out of the study. Reasons for drop-out were: transplantation 
(N=21), transfer to a non-participating dialysis center (N=4), recovery of renal function 
(N=l) or refusal to continue participation (N=5). The remaining 30 patients were not 
évaluable because there was incomplete information on the four outcome criteria 
available. 

Comparison of the baseline demographic, clinical and treatment characteristics of the 
61 non-evaluable patients with the patients studied, revealed a higher proportion of 
diabetes mellitus in the non-evaluable patients (28% versus 15%, P=0.04). With respect to 
the other baseline characteristics no statistically significant differences could be 
demonstrated. 

Table 1 presents patients' baseline data on demography, (co)morbidity, nutritional 
status, hemoglobin, blood pressure, residual renal function, physical and mental QL, 
dialysis modality, total fluid removal, and use of erythropoietin (EPO). Baseline values of 
the protein catabolic rate and parameters of adequacy of dialysis of H D patients are 
shown in Table 2 and of PD patients in Table 3. Approximately half of the H D and P D 
patients had total weekly Kt/Vu r c a values below the D O Q I guidelines of 3.6 per week for 
H D and 2.0 per week for PD. In 27% of the P D population, total creatinine clearance 
was less then the D O Q I guideline of 60 L/wk/1.73m2 . 
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Table 1. Baseline characteristics of the study population (N=189) and their associated crude relative risks 
(RR) of poor outcome with 95% confidence intervals (95%CI). 

Variable Prevalence (%) % Poor outcome Crude RR 95% CI P 

Demography and comorbidity 
Age 

<65 38 19 
>65 62 35 1.8 1.1-3.0 0.01 

Sex 
male 59 25 
female 41 25 1.0 0.6-1.6 0.96 

Primary kidney disease 0.15 
glomerulonephritis 14 19 
diabetes 13 42 2.2 0.9-5.4 0.08 
renal vascular 26 29 1.5 0.6-3.7 0.38 
other 48 20 1.0 0.4-2.5 0.93 

Diabetes 
no 85 23 
yes 15 38 1.7 1.0-2.9 0.08 

Cardiovascular comorbidity 
no 70 19 
yes 30 39 2.1 1.3-3.4 <0.01 

Khan comorbidity index <0.001 
low 45 7 
medium 34 38 5.3 2.3-12.3 <0.001 
high 21 43 6.0 2.6-14.1 <0.001 

Davies comorbidity index 
no 48 10 
intermediate & severe 52 38 3.8 2.0-7.5 <0.001 

Nutritional status* 
Albumin (g/L) 

>30 88 20 
<30 12 59 2.9 1.8-4.6 <0.001 

Lean body mass % 
>75 52 25 
<75 48 23 1.1 0.7-1.8 0.75 

Malnutrition index <0.01 
<11 79 20 
> H 14 39 2.0 1.1-3.6 0.03 
missing 7 57 2.9 1.7-5.1 <0.01 

Hemoglobin (Hb) 
Hb (mmol/L) 

>6.5 57 23 
<6.5 43 27 1.2 0.7-1.9 0.59 

Variables were categorized according to their clinically used target values (albumin, Hb), and by criteria 
reported by others (Kahn's and Davies' comorbidity classification, malnutrition index). In case no such 
target values were available categorization was performed according to maximum discrimination (rGFR, 
blood pressure, and total fluid removal). P-values are given for the variables themselves as well as for their 
categories. *: the nPCR is tabulated in Table 2 for HD and in Table 3 for PD, since these values are not 
equal by technique origin. 
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Table 1. Continued. 

Variable Prevalence (%) % Poor outcome Crude RR 95% CI P 

Blood pressure 
MAP (mmHg) 

<107 67 29 
>107 33 22 1.3 0.8-2.1 0.33 

Systolic (mmHg) 
<150 59 23 
>150 41 28 1.2 0.8-2.0 0.39 

Diastolic (mmHg) 
<85 57 29 
>85 43 20 0.7 0.4-1.2 0.17 

Renal'function 
rGFR (mL/min/ 1.73m2) 0.25 

>2.5 42 19 
<2.5 47 29 1.6 0.9-2.7 0.11 
missing 11 30 1.6 0.7-3.6 0.27 

Quality of life 
Physical summary QL <0.001 

>-2SD 85 18 
<-2SD 10 67 3.8 2.3-6.1 <0.001 
missing 6 64 3.6 2.1-6.4 <0.01 

Mental summary QL <0.001 
>-2SD 84 18 
<-2SD 10 58 3.2 1.9-5.3 <0.001 
missing 6 64 3.5 2.0-6.1 <0.01 

Therapy 
Dialysis modality 

HD 51 27 
PD 49 23 0.9 0.5-1.4 0.53 

Total fluid removal 
(ml/24hrs) 

>1200 53 21 
<1200 47 31 1.5 0.9-2.5 0.11 

UseofEPO 
yes 75 27 
no 25 19 0.7 0.4-1.3 0.26 

Variables were categorized according to their clinically used target values (albumin, Hb), and by criteria 
reported by others (Kahn's and Davies' comorbidity classification, malnutrition index). In case no such 
target values were available categorization was performed according to maximum discrimination (rGFR, 
blood pressure, and total fluid removal). P-values are given for the variables themselves as well as for their 
categories. *: the nPCR is tabulated in Table 2 for HD and in Table 3 for PD, since these values are not 
equal by technique origin. 

Poor outcome 

After one year of dialysis treatment a number of 47 (25%) out of 189 patients were 

classified as poor. Twenty-one patients died. Causes of death were: cardiovascular (N=6), 

cerebrovascular (N=2), infection, (N=3), malignancy (N=2), withdrawal from dialysis 

because the patient refused further treatment (N=3) and other (N=5). From the 
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Table 2. The nPCR and adequacy of dialysis variables ; at baseline and their associated crude relative risks 
(RR) of poor outcome with 95% confidence intervals (95%Cr) in hemodialysis patients (N=97). 

Variable Prevalence (%) % Poor outcome Crude RR 95%CI P 

nPCR (g/kg/24hr) 0.19 

>1.2 14 7 
<1.2 74 31 4.3 0.6-29.2 0.07 

missing 11 27 3.8 0.5-31.8 0.17 

Total Kt/Vurea(L/wk) 0.58 
>3.6 35 21 
<3.6 56 30 1.4 0.7-3.1 0.35 

missing 9 33 1.6 0.5-5.0 0.42 

Dialysis Kt /V u r a (L/wk) 
>2.5 61 24 
<2.5 39 30 1.2 0.6-2.4 0.55 

Total urea appearance 
(mmol/wk/1.73m2) 0.50 

>2000 44 21 
<2000 45 32 1.5 0.7-3.1 0.25 

missing 10 30 1.4 0.5^1.4 0.54 

Dialysate urea appearance 0.62 
(mmol/wk/1.73m2) 

>1500 49 22 
<1500 42 31 1.4 0.7-2.8 0.36 
missing 6 33 1.5 0.4-5.2 0.55 

Variables were categorized according to the DOQI guidelines (total Kt /V and nPCR). In case of urea 
appearance categorization was performed according to maximum discrimination. P-values are given for 
the variables themselves as well as for their categories. 

remaining 26 patients, seven patients were classified as poor by clinical status only, i.e. 
hospitalization and malnutrition, four patients by poor physical and mental QL only, and 
the remaining 15 by a combination of both poor clinical and QL status. 

Prognostic factors for poor outcome 
In Tables 1 to 3 the crude relative risks of poor outcome associated with the selected 
baseline characteristics are shown. The following variables were univariately associated 
with poor outcome (P<0.20) and accordingly presented to the multivariate logistic 
regression model in four steps: age, primary kidney disease, comorbidity (step I); serum 
albumin, malnutrition index, nPCR (<1.2 g/kg/24hr in HD), diastolic blood pressure, 
rGFR (category <2.5) (step II); physical and mental QL (step III) and total fluid removal 
and dialysis adequacy (step IV). Regarding adequacy of dialysis in H D , none of the 
parameters was associated with poor outcome. In P D a total urea appearance (category 
<1500mmol/week/1.73m2), a total and dialysate creatinine appearance, and D/Pcrcannme 
were univariately associated with poor outcome (P<0.20). 

Table 4 presents the independent, significant predictors of poor outcome 
identified by multivariate logistic regression analysis at each step (P<0.05). With regard to 
the demography and comorbidity variables, Khan's comorbidity-age index was the 
strongest prognostic factor of poor outcome. Patients in the medium category had an 
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Table 3. The nPCR and adequacy of dialysis variables at baseline and their associated crude relative risks 
(RR) of poor outcome with 95% confidence intervals (95%Ci) in peritoneal dialysis patients (N=92). 

Variable Prevalence(%) %Poor outcome Crude RR 95%CI 

nPCR (g/kg/24hr) 0.59 
>1.2 24 18 
<1.2 67 26 1.4 0.5-3.8 0.47 
missing 9 13 0.7 0.1-5.3 0.71 

Total Kt/Vu r„ (L/wk) 0.64 
>2.0 42 26 
<2.0 47 19 0.7 0.3-1.7 0.44 
missing 11 30 1.2 0.4-3.5 0.78 

Dialysis Kt/Vurca (L/wk) 0.58 
>1.4 62 21 
<1.4 29 22 1.1 0.4-2.5 0.90 
missing 9 38 1.8 0.6-5.6 0.30 

Total creatinine clearance 
(L/wk/1.73m2) 0.38 

>60 64 19 
<60 27 28 1.5 0.7-3.4 0.34 
missing 9 38 2.0 0.7-5.7 0.22 

Dialysis creatinine clearance 
(L/wk/ 1.73m2) 0.27 

>40 65 25 
<40 26 13 0.5 0.2-1.6 0.21 
missing 9 38 1.5 0.6-4.1 0.45 

Total urea appearance 
(mmol/ wk/1.73m2) 0.26 

>1500 49 16 
<1500 39 31 2.0 0.9^1.6 0.11 
missing 12 27 1.8 0.5-5.7 0.36 

Dialysate urea appearance 
(mmol/wk/1,73m2) 0.35 

>1150 47 16 
<1150 44 28 1.7 0.7-3.9 0.22 
missing 10 33 2.1 0.7-6.4 0.24 

Total creatinine appearance 
(mmol/wk/1.73m2) 0.02 

>52 69 14 
<52 23 43 3.0 1.4-6.6 <0.01 
missing 9 38 2.6 0.9-7.7 0.10 

Dialysate creatinine appearance 
(mmol/wk/1.73m2) 0.02 

>30 64 14 
<30 27 40 3.0 1.3-6.6 0.01 
missing 9 38 2.8 0.9-8.3 0.09 

High D/P„eJm,„e 
no 90 21 
yes 10 44 2.2 0.9-5.1 0.10 

Variables were categorized according to the DOQI guidelines (total Kt/V, total creatinine clearance, 
nPCR). In case of urea and creatinine appearance categorization was performed according to maximum 
discrimination. P-values are given for the variables themselves as well as for their categories. 
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almost eight times, and patients in the high category an almost ten times higher risk of 
poor outcome compared to patients with a low index. These odds ratios remained 
virtually unchanged after adjustment for serum albumin and rGFR, that were identified as 
independent prognostic factors of poor outcome in Step II: A serum albumin level 
<30g/L was associated with about a four times higher risk of poor outcome, and a rGFR 
<2.5 mL/min/1.73m 2 was associated with a 2.8 times higher risk of poor outcome 
compared to values of their reference groups. Subsequently, baseline physical and mental 
QL were presented to the model (Step III). Both variables turned out to be independent 
prognostic factors for poor outcome. Patients with a severely impaired physical QL had a 
seven times higher risk and patients with a severely impaired mental QL had a 4.6 times 
higher risk of poor outcome when compared to patients with a less deteriorated level of 
QL. After addition of physical and mental QL to the model, the risk of poor outcome of 
patients with a medium and high comorbidity-age index decreased to some extent. 
Addition of QL had no clear impact on the OR of serum albumin, but the OR of patients 
with a rGFR<2.5 slightiy decreased to a borderline significant OR of 2.3 (P=0.071 

With regard to Step IV of the analysis, neither total fluid removal nor any of the 
parameters of adequacy of dialysis was independently associated with poor outcome. 
However, in PD a dialysate creatinine appearance <30 mmol/week was borderline 
significandy associated with an almost five times higher risk of poor outcome when added 
to the model containing all the before-mentioned significant predictors (adjusted OR: 4.7, 
95%CI: 0.8-26.4, P=0.08). 

performance a! cham 

9 logistic model 

0,0 ,2 ,4 ,6 ,8 1,0 

false positive rate (1-specificity) 

Figure 1. Receiver Operating Characteristics (ROC)-curve for poor outcome as predicted by the logistic 
model. True positive and false positive rates for poor outcome. Area under the curve (AUC) logistic 
model: 84%. The diagonal indicates the 50% area (AUC=0.50) of no discriminative accuracy. 

No significant interactions were observed between the different factors of the final 
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model. The Hosmer-Lemeshow goodness-of-fit statistic (p=0.96) indicated that the 
model was well calibrated, i.e., that there was not a large discrepancy between model 
performance and actual outcome. The area under the curve (AUC) was 0.84, indicating 
that the model discriminated well between patients with a poor and a non-poor outcome 
(Figure 1). 

Discussion 

Our logistic model was able to identify prognostic values of baseline patient and 
treatment characteristics for poor outcome one year after the start of dialysis in a cohort 
of new chronic dialysis patients. The observed frequency of poor outcome was 25%. A 
medium and high comorbidity-age index according to Khan's classification, a serum 
albumin <30g/L, a physical and mental summary QL more than or equal to 2 SDs below 
the general population mean score, and, although to a lesser extent, a rGFR 
<2.5mL/min/1.73m2 , were independently associated with increased risk of poor 
outcome. 

A number of 61 out of 250 included patients were not évaluable regarding poor 
outcome one year after the start of chronic dialysis. Comparison of the baseline 
characteristics of these patients with the 189 évaluable patients revealed only a statistically 
significant difference regarding proportion of diabetes mellitus. As diabetes was not a 
significant risk factor for poor outcome, we believe that this patient selection has not 
seriously biased our presented results. 

Prognostic factors for poor outcome 
Khan's comorbidity-age index was a strong predictor of poor outcome. After adjustment 
for baseline values of serum albumin, rGFR and QL, patients in the medium and high 
comorbidity-age groups had an approximately five times higher risk of poor outcome 
than patients in the low comorbidity-age group. Since only 10 out of 104 patients in the 
medium and high comorbidity-age groups were categorized in these groups because of 
advanced age only, the risk of poor outcome can predominantly be attributed to 
comorbidity itself. Moreover, when Khan's comorbidity-age index, was replaced by 
Davies' comorbidity classification and age, only comorbidity was significantly associated 
with poor outcome. We, as well as others, have previously shown the major influence of 
comorbidity on survival,3.4.8.27 morbidity,4 and QL.10.24-28 On a multivariate level, the 
presence of cardiovascular comorbidity and diabetes mellitus were not independently 
associated with poor outcome. This may be explained by the fact that both parameters 
only reflected presence of the disease and not its severity. 

A serum albumin <30 g /L was associated with a four times higher risk of poor 
outcome. Also others have reported the negative impact of serum albumin on clinical 
outcome.1.4'7 In a cohort of prevalent H D patients from the USA, a l g / L decrease in 
serum albumin was associated with a 10% increase in death probability and with a 3.6% 
increase in days of hospitalisation.7 Similar findings were reported in new P D patients 
from the CANUSA study.4 In the latter prospective cohort study a l g / L lower serum 
albumin was associated with a 6% increase in risk of death and a 5% increase in days of 
hospitalization per month of follow up. Owen et al.1 observed a seven times higher risk of 
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mortality in a retrospective analysis of H D patients with a serum albumin less than 30g/L 
compared to the reference group with a serum albumin of 40 to 44g/L. In contrast, in 
previous studies we could only demonstrate an association between serum albumin and 
mortality8 and between serum albumin and QL10 on a univariate level. Also others 
reported no independent effect of serum albumin on mortality and suggested serum 
albumin to be secondary to comorbidity.3'29 Lack of sufficient statistical power and the 
use of various routine laboratory methods to assess serum albumin by the participating 
centers may be alternative explanations. 

Patients with a rGFR <2.5mL/min/1.73m2 tended to have a twofold increase in the 
probability of poor outcome. Previously, we reported a beneficial association between a 
higher rGFR and a better mental QL.10.11 Another indication of the potential important 
influence of residual renal function on outcome is given by a recent reanalysis of the 
results from the CANUSA study:4.30 The observed reduction in survival and 
hospitalization with an increase in total Kt/Vurea or creatinine clearance could not be 
demonstrated when the contribution of the residual renal function to the Kt/Vurea and 
creatinine clearance was excluded. 

A poor physical QL and mental QL at baseline were independently associated with a 
seven and almost five times higher risk of poor outcome. Addition of QL to the 
prediction model of poor outcome reduced the prognostic power of comorbidity but 
hardly influenced the predictive power of serum albumin and the rGFR. This indicates 
that a part of the impact of comorbidity on poor outcome is mediated through its 
influence on QL. Also DeOreo and colleagues7 found a higher risk of poor outcome with 
impaired QL summary scores, as assessed with the SF-36. In their study among prevalent 
H D patients a 10% increase in death risk and a 5.8% increase in hospitalization rate for 
every five points increase in the physical summary QL score was seen. In their study, 
mental summary QL was not associated with survival but a five points lower mental 
summary QL score correlated with a 2% increase in hospitalization rate. 

None of the parameters of adequacy of dialysis had an independent impact on poor 
outcome in HD. In PD, a dialysate creatinine appearance rate <30 mmol/week/ 1.73m2 

was borderline significantly associated with a higher probability of poor outcome. These 
results are in accordance with our previous observation of an increasing death risk with a 
lower dialysate removal of small solutes, but not with lower clearance values.8 In addition, 
both we10.'1 and others7 could not demonstrate an association between Kt/Vurca and 
creatinine clearance on the one hand and QL on the other. These findings lend further 
support to our earlier suggestion that small solute mass removal may be a better marker 
of adequacy of dialysis than the clearance parameters.8.31 In line with the previous survival 
analysis of our PD cohort and in contrast to findings of others,8.32 D/Pcreat was not 
associated with poor outcome. As mentioned previously,8 the fact that we estimated 
D/Pcrcat with 24 hour dialysate instead of a standard peritoneal equilibration test may have 
contributed to the absence of an association. The finding that fluid removal was not 
associated with risk of poor outcome may be attributed to the lack of information on the 
actual fluid intake of the patients. 

Since we used the values of serum albumin and physical and mental QL as indicators 
of poor outcome, we wondered whether this was the reason that the baseline values of 
these variables were identified as predictors of poor outcome. Inspection of the 22 
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patients with a baseline serum albumin <30g/L showed that only three of them both had 
a serum albumin <30g/L and were classified as poor on the basis of, amongst others, 
their serum albumin one year after the initiation of dialysis. A similar inspection for 
physical and mental QL yielded six out of 18 patients for physical QL and five out of 19 
patients for mental QL. On the basis of these results we believe that the predictive power 
of serum albumin and physical and mental QL can not be explained by the simple fact 
that they are included in the outcome classification criteria. 

Additionally, we performed a post hoc analysis to study whether other predictors of 
poor outcome could be identified if serum albumin and QL were excluded from the 
model. Apart from Khan's comorbidity-age index, rGFR and peritoneal dialysate 
creatinine appearance, the mean arterial pressure (MAP) was identified as a predictor of 
poor outcome, but only in PD patients. PD patients with a MAP>107mmHg had a 8.6 
times greater risk of poor outcome than P D patients with a MAP<107 (95%CI 1.9-38.1, 
P=0.005). Previously we identified high blood pressure as a risk factor for mortality in 
PD.8 The fact that blood pressure in H D is continuously monitored and acted upon by 
adjusting the ultrafiltration rate, may be an explanation for the absence of an association. 

Poor outcome classification 
Many outcome measures can be used to evaluate the outcome of dialysis treatment. The 
most unambiguous outcome is survival. In a chronic disorder, such as ESRD, however, 
the quality of survival is also a highly relevant criterion from the patient's perspective. For 
this reason, the patient's quality of life is increasingly used as a separate outcome measure 
during the last decade. However, a disadvantage of most QL measures is that they are 
difficult to interpret, since they can not be expressed in familiar calibrated units of 
measurement such as mmHg or g/L. Moreover, most QL measures are summed multi-
item scores that can be achieved by various combinations of individual item scores. As 
result of this, the same total QL score can reflect various clinical conditions. This is 
especially the case in the mid-range of scores. After all, a minimal total score on the SF-36 
physical summary QL scale, can only be achieved by a minimal score on all its comprising 
individual subscales. Similarly a maximal total score is only possible when a maximal score 
is obtained on each composing subscale. In contrast, a mid-range total score can be 
achieved by countless combinations of the individual subscale scores. Consequently, it is 
not possible to unravel which subdimensions of QL are specifically affected. 

Our present composite outcome measure encompassed both survival and quality of 
survival using clinically tangible criteria: death, a substantial amount of annual hospital 
admission days, severe malnutrition and severely impaired physical and/or mental QL. 
Severely impaired QL was defined as a QL score more than or equal to 2 SDs under the 
general population mean score. Such a score corresponds to the 2.5th percentile of the 
distribution of QL scores in the general population. Regarding physical summary QL this 
refers to a patient who has serious limitations in all physical activities, such as household 
activities, walking and climbing stairs, is severely bothered by pain and rates his health 
status in general as poor. A mental summary QL score more than or equal to 2 SDs below 
the mean score of the general population refers to a patient who feels nervous and 
depressed as well as tired and worn out all the time, whose emotions severely interfere 
with normal daily function and who is severely impaired in normal social activities due to 
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physical and emotional limitations. With this classification method of QL only the 

relatively easily interpreted information of the lowest range of scores of the composing 

QL scales is used. Hence, problems with the interpretation of scores in the mid-range 

have been avoided in this analysis. 

In conclusion, our prognostic model provides a useful tool to identify chronic dialysis 

patients at risk for poor health status. The prognostic variables comorbidity, serum 

albumin, rGFR, physical and mental QL and MAP are clearly defined and readily 

ascertainable. Strategies aimed at preservation of residual renal function (e.g. avoidance of 

nephrotoxic drugs, use of ACE inhibitors), control of blood pressure, and monitoring of 

QL and consequently giving psychosocial support, are targets to reduce the risk of poor 

outcome. 
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