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Stellingen 
bij het proefschrift 

"Patiënt Outcomes in Dialysis Care" 

1. Dialysekenmerken geven onvoldoende informatie over de kwaliteit van leven 
van de patiënt, dit proefschrift 

2. De kwaliteit van leven van dialysepatiënten dient vastgesteld te worden met een 
combinatie van een generiek en ziektespecifiek meetinstrument, dit proefschrift 

3. Interventies gericht op behoud van de nierfunctie en bewaking van de 
bloeddruk kunnen de gezondheid van de dialysepatiënt verbeteren, dit proefschrift 

4. Op de middellange termijn daalt de fysieke kwaliteit van leven van 
dialysepatiënten, maar blijft de psychosociale gezondheid onveranderd. 
dit proefschrift 

5. Alleen met een gerandomiseerde klinische trial kan de effectiviteit van 
verschillende dialysevormen worden aangetoond, dit proefschrift 

6. Een comorbiditeitsindex die de ernst van ziekte weegt, is een onontbeerlijk 
meetinstrument in dialyse-onderzoek, dit proefschrift 

7. Het louter registreren van personen die geen orgaandonor willen zijn, zal meer 
'vruchten' afwerpen dan de huidige procedure. 

8. Een promovendus (be)proeft de eigen nieren. 

9. "Only the quality and the relevance of the evidence blended with the context 
and values of the patient will achieve the full benefit of medical evidence for our 
patients". Walter W. Rosser, Lancet 1999 

10. Het is een kapitale fout van de evolutie dat de vrouwelijke vruchtbaarheid 
verdwijnt rond het 45c levensjaar terwijl de vruchtbaarheid van mannen blijft 
voortbestaan. 

11. Interdependence is a higher value than independence. 
Stephen R. Covey, The seven habits of highly effective people 

12. If you want peace in the house, do what your wife wants. Afrikaans 

Mamschka Merkus, 2 juli 1999 
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End-stage renal disease (ESRD) is the terminal and final phase of several very different 
conditions, which can be hereditary or non-hereditary. Some conditions affect only the 
kidney (e.g. glomerulonephritis), whereas in other cases many systems are affected 
including the kidney (e.g. diabetes mellitus, hypertension). Common to all is the non
functioning of kidneys, which if renal replacement therapy (RRT) is not initiated, will 
ultimately proceed to death. 

With the introduction of RRT in the 1960s survival of patients with chronic renal 
failure, that were otherwise destined to die, became possible. Currently three main types 
of treatment modalities can be distinguished: transplantation, hemodialysis (HD) and 
peritoneal dialysis (PD). As transplantation is limited due to shortage of donors and 
rejection of kidneys most patients are committed to long-term dialysis therapy. 
Hemodialysis is mostly performed in in-hospital dialysis units and usually implicates 3 
dialysis sessions of 3 to 4 hours per week. The blood of the patient is run through an 
artificial kidney, which removes waste products and excess of water from the blood. PD 
mostiy concerns chronic ambulatory peritoneal dialysis (CAPD), a self-performance 
treatment which can be done at home. In this case a sterile dialysis solution is introduced 
into the abdominal cavity, equilibrated with the blood over a period of hours and is then 
drained and replaced with fresh dialysate. Usually four exchanges of 2 liters of dialysate 
per day are required. 

During 1985 and 1995 the number of ESRD patients treated by dialysis in The 
Netherlands has doubled to a total number of 3859 patients in 1995.1 This corresponds 
with a prevalence of 250 dialysis patients per million inhabitants. During the same period 
also the annual incidence of new chronic dialysis patients doubled to a number of more 
than 1200. Despite improvements in dialysis technology, the annual crude mortality rate 
has increased from 13 to 2 1 % during the same period. Both these trends are not unique 
to The Netherlands but are a reflection of a worldwide trend. Possible explanations are a 
higher acceptance rate of older and sicker patients, reduced mortality from other 
conditions and a possible higher incidence of kidney disease.2 

Traditionally, effects of treatment are assessed in terms of mortality and morbidity. 
However, there is a growing recognition that these data alone are an incomplete measure 
of outcome in patients with ESRD. Since dialysis imposes major restrictions on the life
style of the patient, it is particularly important that the patient's own perception of his or 
her quality of life influences decisions regarding their management. 

Whereas clinical outcomes such as blood pressure and death are relatively easily 
quantifiable, the measurement of quality of life is much more difficult. Health, according 
to The World Health Organization (WHO), can be defined as "a state of complete 
physical, psychological and social well-being and not merely the absence of disease or 
infirmity".3 Consistent with this definition, the assessment of quality of life should at least 
address the patient's functioning and well-being in the physical, psychological and social 
domains. 

Despite all research efforts, there is still no conclusive evidence for most patients (i.e. 
without definite medical and/or social contraindication for one or more treatment 
modalities) regarding which dialysis modality yields a specific advantage in terms of 
survival and/or quality of survival. This may be explained by methodological limitations 
of the majority of studies including small and/or selected patient populations, and 
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retrospective or cross-sectional study designs with no or inadequate adjustment for case 
mix. Inherently, the various study populations differed with respect to case mix variables, 
such as comorbidity and therapy history. Regarding quality of life, also different 
definitions of quality of life and tools to assess quality of life have been used. 

In recent years the concept of adequacy of dialysis has been introduced. Results 
regarding the association between estimates of adequacy of dialysis and clinical outcomes 
are not conclusive. This can be attributed to the above-mentioned methodological 
drawbacks of many of the studies as well as to, as yet, insufficient insight regarding how 
adequacy of dialysis is best measured. In addition, so far, hardly any attention has been 
paid to the association between variables of adequacy of dialysis and quality of life 
outcomes. 

In recognition of these issues, the objective of the present thesis is to evaluate the 
outcome of patients starting chronic hemo- or peritoneal dialysis in The Netherlands in a 
prospective way. In particular, the value of different quality of life parameters to express 
the outcome of chronic dialysis therapy is evaluated. The first part of this thesis addresses 
short-term outcomes of chronic dialysis treatment. In Chapter 2, the clinical condition of 
our cohort of patients three months after the start of dialysis is described. In the 
following chapter {Chapter 3), the focus is changed to quality of life. First, a review on 
quality of life is presented. (Chapter 3.1). The concept of quality of life is defined, 
methodological problems in assessing quality of life are outlined, existing quality of life 
measures applied in dialysis patients are reviewed and the results and the bottle-necks in 
the interpretation of QL studies in dialysis patients are discussed. In Chapter 3.2, the 
generic quality of life of our cohort of patients three months after the start of dialysis is 
described and put into perspective of the generic quality of life of a Dutch general 
population sample. In addition, demographic, clinical and adequacy of dialysis variables 
associated with quality of life are identified. Chapter 3.3 reports on disease-specific quality 
of life in terms of disease and dialysis related physical symptoms three months after the 
start of dialysis. Both patient and treatment variables associated with symptoms are 
studied and the relation between physical symptoms and generic quality of life is assessed. 
The second part of this thesis (Chapters 4 to 6) deals with the mid-term outcomes. In 
Chapter 4, cardiovascular and non-cardiovascular mortality during the first years of dialysis 
are studied and risk factors for cause-specific mortality are identified. In Chapter 5, we 
describe the course of quality of life during the first 18 months of dialysis treatment. 
Differences between H D and PD patients are compared, and patient and treatment 
characteristics at the start of dialysis associated with quality of life over time are identified. 
In Chapter 6, survival and aspects of quality of survival are integrated in one outcome 
measure, so-called poor outcome. Predictors of poor outcome one year after the start of 
dialysis are identified. Finally, in Chapter 7, a general discussion of the findings is presented 
and future directions are formulated. A summary concludes this thesis. 

References 
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Abstract 

Background and purpose: In 1994, The Netherlands Cooperative Study on Adequacy of 
Dialysis (NECOSAD) was initiated. In this chapter we described the baseline clinical 
condition and the treatment characteristics of this cohort of end-stage renal disease 
(ESRD) patients starting chronic dialysis treatment in The Netherlands. 
Methodr. Consecutive new dialysis patients from 13 dialysis centers were included. Data 
were collected on patient and therapy characteristics at 3 months after start of chronic 
dialysis. 

Results: A total of 250 patients were included, 132 were on hemodialysis (HD) and 118 on 
peritoneal dialysis (PD). The mean age of the patients was 57 years, 58% were male. Renal 
vascular disease was the most frequent cause of ESRD (23%), diabetic nephropathy 
occurred in 15% of the patients. The majority of the patients (59%) suffered from two or 
more comorbid conditions. Compared to P D patients, H D patients were older, had a 
higher risk to die according to Khan's comorbidity-age index, had a higher systolic and a 
lower diastolic blood pressure, higher serum albumin levels, a higher body mass index and 
lower hemoglobin levels. According to the US guidelines for Kt/Vurea, 58% of our H D 
and 49% of our PD patients had lower values. Twenty-six percent of the PD patients 
reached a total creatinine clearance which was lower than the US criterion. 
Conclusions: With regard to age, gender, and primary renal disease, our patient group is 
representative for new Dutch dialysis patients in the period 1993-1995, and may therefore 
serve as a reference population to study future changes in patient and therapy 
characteristics in The Netherlands. Furthermore, common international definitions of 
comorbidity are needed to permit valid comparisons of patient populations across centers 
and countries. 
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Introduction 

In 1994, the Netherlands Cooperative Study on Adequacy of Dialysis (NECOSAD) was 
initiated. The aim of this prospective cohort study is to identify the major factors that 
determine the outcome of dialysis treatment. The cohort consists of new chronic 
hemodialysis and peritoneal dialysis patients. Since the main results of this thesis will be 
based on this NECOSAD cohort, this chapter outlines the baseline clinical condition and 
the treatment characteristics of these patients. 

Patients and methods 

Patients 

Eligible for our study were ESRD patients older than 18 years who started with chronic 
dialysis, had not received renal replacement therapy in the past, and survived the first 3 
months on dialysis. We included consecutive patients from 13 Dutch dialysis centers who 
started with dialysis between October 1, 1993 and April 1, 1995 after they had given 
informed consent. 

Data collection 

Three months after the start of dialysis, data were collected on age, gender, primary renal 
disease, comorbidity, functional status, blood pressure, blood tests, nutritional status, 
residual renal function, therapy characteristics, and use of medication. 

Primary renal disease and comorbidity 

Primary renal disease was classified according to the codes of the European Dialysis and 
Transplant Association-European Renal Association (EDTA-ERA) Registry. We scored 
comorbid conditions present at the start of dialysis. Cardiovascular disease was recorded 
if one of the following conditions had been present: angina pectoris, myocardial 
infarction, Class III to Class IV congestive heart failure, or peripheral vascular disease. 
Systemic disease was considered to be present in patients with diabetic nephropathy, 
hypertensive nephrosclerosis, lupus nephritis, amyloidosis, and scleroderma. Based on 
comorbidity, and to a lesser extent, advanced age every patient was assigned a low, 
medium or high death risk index. The low risk group in this classification, described by 
Khan et al.,1 comprised patients <70 years without comorbid illness. The medium risk 
group included (a) patients between 70 and 80 years of age, (b) 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 (c) patients <70 
years with diabetes mellitus. The high-risk group comprised (a) patients >80 years, (b) 
patients of any age with two or more organ dysfunctions in addition to end-stage renal 
disease, and (c) patients of any age with visceral malignancy. In addition, patients were 
also categorized according to Davies' classification, which assesses the presence of more 
or less the same type of comorbidities, such as Khan's index, but does not include the 
factor age.2 Patients with a cumulative score of 0 were classified as having no 
comorbidity, with scores 1 and 2 as having intermediate comorbidity, and with scores 3 
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and 4 as having severe comorbidity. 

Functional status 
The functional status was determined by the Karnofsky Performance Status Scale, and 
assessed by the treating physician or the responsible nurse. The Karnofsky Performance 
Status Scale, a global index of self-sufficiency and functional capacity,3 consists of 11 
categories which range from death (score 0) to normal functioning (score 100). A score of 
80 or higher indicates that a patient is able to carry on normal activities. A score between 
50 and 70 means that a patient needs a varying degree of assistance. A patient with a score 
lower or equal to 40 is dependent, or requires institutional care or hospital care. 

Blood pressure and blood tests 
In hemodialysis (HD), blood pressure was measured before and after dialysis over a 
period of two weeks. Subsequently, all systolic and diastolic pressures were averaged. In 
peritoneal dialysis (PD), blood pressure was measured at a routine visit in the outpatient 
clinic. The 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 was assessed by serum albumin, body mass index (BMI), percentage 
of lean body mass (% LBM), and by an estimation of dietary protein intake. The 
percentage of LBM was determined by measurement of skinfold thickness at four sites 
(biceps, triceps, subscapular and iliac).4 These measurements were performed by trained 
nurses. Since skin turgor and hydration may affect the subcutaneous skinfold thickness, 
measurements in H D patients were made after a dialysis session when the patient was at 
dry weight. The dietary protein intake was estimated as protein catabolic rate (PCR) (in 
patients on HD: PCR (g/24hr) = 9.35*urea generation rate (mg/min)+0.294*urea 
distribution volume (L),5 in patients on PD: PCR (g/24hr) = 19+0.2134*urea appearance 
(mmol/24hr)6) normalized to the actual body weight (nPCR). The urea distribution 
volume (V) was determined by the formula of Watson et al. for total body water.7 

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.,8 but without the use of subjective global assessment. A score of 
11 or higher on this index denotes severe malnutrition. 

Renal function 
In HD, urine was collected during the interdialytic interval and in PD during 24 hours. 
We calculated the daily urine volume, residual GFR, renal Kt/Vurea, and renal creatinine 
clearance. Residual GFR (rGFR) was defined as the mean of the urea and creatinine 
clearances, calculated in mL/min/1.73m2 . 

Therapy characteristics and use of medication 
Hemodialysis Kt/VUrea was estimated with a second generation Daugirdas formula.9 
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Peritoneal Kt/Vu r e a and creatinine clearance were calculated from a 24 hour dialysate 
collection. Total removal of waste products (renal function plus dialysis) was measured as 
total Kt/Vurea (/wk) for both H D and P D patients, and as total creatinine clearance 
(L/wk/1.73m2) for PD patients. Total fluid removal was estimated as urine volume plus 
ultrafiltration by hemodialysis or peritoneal dialysis. Data on the use of antihypertensive 
agents and erythropoietin were collected from the medical records. 

Statistical analysis 

Differences in patients' baseline characteristics between treatment modalities were 
analyzed with Student's t-tests or Chi-square-tests, when appropriate. A two-sided P-value 
<0.05 was considered statistically significant. 

Results 

Of the 267 patients who met the inclusion criteria, 250 were included in the study (94%). 
Eleven patients refused to participate, whereas the functional status of six patients did not 
allow collection of essential parameters, such as residual renal function or anthropometry. 
At baseline, 132 patients were treated by H D and 118 patients by PD. 

Demographics, primary renal disease, and comorbidity 

Data on age, gender, primary renal disease, and comorbidity are shown in Table 1. Thirty-
seven percent of all patients were 65 years or older, while the H D patients were older 
than the patients on PD. Renal vascular disease was the most frequent cause of ESRD 
(23%), whereas diabetic nephropathy was present in 15% of the patients. The majority of 
the patients (59%) suffered from two or more comorbid conditions, 18% had diabetes 
mellitus (as primary renal disease or comorbid condition) and 28% cardiovascular disease. 
With the exception of malignancy and Khan's risk score, no differences in comorbidity 
between H D and PD patients were observed. Prevalence of malignancy was higher 
among H D patients. According to Khan's comorbidity-age classification H D patients 
were at a higher risk to die than PD patients. 

Functional status 

About 70% of the patients had a Karnofsky score of 80 or higher, which means they were 
able to carry out normal physical activity (Table 1), 28% scored between 50 and 70, 
indicating that they needed at least some assistance in self-care. N o difference was' 
observed between the functional status of H D patients and PD patients. 

tressure and blood tests 

Twenty four percent of all patients had a systolic blood pressure >160 mm Hg and 32% a 
diastolic pressure >90 mm Hg. The mean systolic blood pressure of P D patients was 
lower than the mean of the pre- and post-dialysis systolic blood pressures of H D patients 
(Table 2). The opposite was true for the mean diastolic blood pressures. Regarding the 
blood tests, pre-dialysis values of phosphate, urea and creatinine of H D patients were 
higher than the corresponding mean values in PD patients (Table 2). In addition, H D 
patients had lower hemoglobin levels than PD patients. 
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Table 1. Baseline characteristics : demographics, renal disease, comorbidity and functional 
status (mean (SD) or %). 

All patients HD PD 
(N=250) (N=132) (N=118) 

Demographics 
Age 

mean (yr.) 57 (15) 59 (16) 54 (14) * 
> 65 yr. (%) 37 48 25# 

Sex (% male) 58 53 64 
Primary renal disease* (%) 

renal vascular disease 23 24 23 
diabetes mellitus 15 14 16 
glomerulonephritis 12 9 16 
other 50 54 45 

Comorbidity (%) 
Diabetes mellitus 18 17 20 
Malignancy 6 9 3* 
Cerebrovascular accident 8 8 8 
Cardiovascular disease 28 30 25 

ischemic heart disease 15 15 14 
angina pectoris 10 11 10 
myocardial infarction 9 10 9 
congestive heart failure (NYHA III/IV) 5 6 4 
peripheral vascular disease 17 18 15 
systemic disease 30 25 35 

No. comorbid conditions (out c f 14 conditions)" 
0 12 11 12 
1 29 27 31 
> 2 59 61 57 

Khan's comorbidity-age index * 
low 47 42 53 
medium 30 29 32 
high 22 30 14* 

Davies risk score» 
no comorbidity 49 46 53 
intermediate comorbidity 44 47 41 
severe comorbidity 7 7 7 

Functional status 
Karnofsky performance status s cale (%) 

>80 68 64 73 
50-70 28 33 22 
<40 4 3 5 

»values may not total 100% because of rounding off;: » p < 0.01, *p < 0.05, PD vs. HD. 

Nutritional status and renal function 

Serum albumin and the body mass index of H D patients were significantly higher than 

the values of PD patients. Dietary protein intake (nPCR) and percentage lean body mass 

(%LBM) did not differ for both treatment modalities. Residual renal function with respect 

to small solute removal (rGFR, renal Kt/VurCa and renal creatinine clearance) was equally 

low in both groups, but the renal fluid removal was smaller in H D patients (Table 2). 
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Table 2. Baseline characteristics: blood pressure, blood tests, nutritional status, renal function, 
therapy characteristics and use of medication (mean (SD) or %). 

All patients HD PD 
(N=250) (N=132) (N=118) 

Blood pressure 
Systolic blood pressure (mm Hg) 145 (19) 148 (16) 142 (22)* 

preanalysis - 155 (18) -
postdialysis - 141 (17) -

Diastolic blood pressure (mm Hg) 83 (10) 81(9) 85(11)" 
predialysis - 83 (10) -
postdialysis - 79(9) -

Mean arterial pressure (mm Hg) 104(11) 103 (10) 104 (13) 
predialysis - 107(11) -
postdialysis - 100(11) -

Blood tests 
Hemoglobin (g/dL) 10.8 (1.6) 10.2 (1.4) 11.4(1.5)" 
Urea (mmol/L) 26.2 (7.2) 28.9 (6.2) 23.1 (7.0)" 
Creatinine ((Xmol/L) 841 (223) 874 (227) 804 (215)* 
Nutritional status 
Albumin (g/L) 36.9 (5.4) 37.8 (4.6) 36.0 (6.0)" 
Body Mass Index (kg/m2) 23.9 (4.1) 24.5 (4.4) 23.1 (3.5)# 

Percentage lean body mass 74.8 (8.5) 73.0 (8.6) 76.9 (8.0) 
NPCR (g/kg/24hr)t - 1.0 (0.3) 1.1 (0.3) 
Severe malnutrition (%) 16 12 19 
Renal function 
Residual GFR (mL/min/ 1.73m2) 2.9 (2.3) 2.9 (2.5) 2.9 (2.2) 
Renal Kt/V.™ (/wk) 0.6 (0.5) 0.6 (0.5) 0.6 (0.4) 
Renal creatinine clearance (L/wk/1.73m2,) 40 (32) 39 (34) 40 (30) 
Renal fluid removal (mL/24hr) 674 (583) 584 (433) 771 (698)* 
Therapy 
Total Kt/Vurc» (/wk) - 3.4(1.0) 2.1 (0.5) 

% less than US criteria 58% 49% 
Total creatinine clearance (L/wk/1.73m2) - - 83 (29) 

% less than US criteria - - 26% 
Total fluid removal (ml '24 hr) 1343 (734) 1155(448) 1547(912)" 
Hemodialysis sessions (%)* 

1-2/wk - 55% -
3-4/wk - 45% -

Continuous ambulatory peritoneal dialysis (%) - - 94 
Z7.se of medication 
Antihypertensive agents 64 63 66 
Erythropoetin 74 81 67* 
t: not averaged for all patients because different 
groups; A: 1 patient 1/wk, 1 patient 4/wk;# p < 

formulas had to be used in the two treatment 
0.01;*p<0.05, PDvs . HD. 

Therapy characteristics and use of medication 

Fifty-five percent of the H D patients were dialyzed twice a week, and 58% of them 

reached a Kt/Vmea of less than 3.6 per week (Table 2). Of the PD patients, 94% were 

treated with continuous ambulatory peritoneal dialysis (CAPD), 49% of the P D patients 

had a Kt/Vurea of less than 2.0 per week, and 26% had a creatinine clearance below 60 

L/wk/1.73m2 . About two-thirds of the patients used antihypertensive medication. Use of 

http://Z7.se
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erythropoietin was significantly greater in H D patients than in P D patients (Table 2). 

Discuss ion 

In this chapter, we outlined the clinical condition and the treatment characteristics of 
patients who start with chronic dialysis treatment in The Netherlands. 

Demographics, primary renal disease, and comorbidity 
Comparison of age, gender and primary renal disease of our patients with data of the 
Dutch registry (mean age 1992: 56.6 years; proportion males 1994-1996: 58%; diabetes 
mellitus 1993-1995: 14.2%) suggests that our sample is representative for the new dialysis 
patients in our country in the period 1993-1995.10-n With regard to co-existent diseases, 
only two Dutch studies have offered information on the comorbid conditions of new 
dialysis patients.1'12 In a study of 61 PD patients, Struijk et al. reported the presence of 
systemic disease in one third of the patients.12 This prevalence is similar to that in our 
patient population. The Dutch subgroup in the European study of Khan et al. comprised 
267 patients who started renal replacement therapy in two Dutch centers (Nijmegen and 
Veldhoven).1 Compared to our patients, a higher proportion of the Nijmegen/Veldhoven 
group was in the medium and the high categories of Khan's comorbidity-age index (52 
versus 67%). Also, when excluding from the Nijmegen/Veldhoven subgroup the patients 
who died during the first three months, the comorbid status of the remaining patients still 
compares unfavorable to that of our patients. However, the distribution of the Khan's 
risk classification in our patients was more or less similar to that of three other European 
patient groups (France, Germany, and Scotland).1 A straightforward comparison of the 
comorbid status of our patients with dialysis patients from other international studies13"18 

is hardly possible because the authors used different definitions of comorbidity, and 
assessed different types and different numbers of comorbid conditions. 

Functional status 
The functional status of our patients compared favorably to the functional status of a 
hospital-based cohort of 292 new dialysis patients from the U K 1 9 Forty-six percent of the 
UK cohort had a Karnofsky performance score >80 versus 68% in our cohort. 
Compared to the functional status of a US cohort of 294 newly started dialysis patients,20 

the functional status of our patients was somewhat better: 6 3 % of the US cohort had a 
Karnofsky score >70 compared to 84% in our total cohort. With respect to previous 
reports from The Netherlands, de Groot et al. reported a similar Karnofsky index for a 
group of patients who had been on H D or CAPD for almost four years.21 In a selected 
cross-sectional sample of H D patients from one Dutch dialysis unit who received assisted 
self-care dialysis, the Karnofsky performance score was higher than in our patients: 94% 
of them scored between 80 and 100 compared to 64% in our H D cohort.22 

Blood pressure and use of antihypertensives 
The blood pressure of our patients was lower than the pressure reported elsewhere,13-23 

but was similar24'25 or higher26"28 compared to other reports. A survey performed by the 
EDTA showed that 83% of the dialysis patients received antihypertensive medication.29 
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According to European standards, the use of antihypertensives in about two-thirds of our 
patients was relatively low. 

Nutritional status 

Compared to a cohort of 680 new PD patients from Canada and the USA (CANUSA 
Study), our P D patients had a higher mean serum albumin level, a higher %LBM, and a 
lower mean BMI, whereas the mean dietary protein intake (nPCR) was more or less the 
same.30 To our knowledge, no data are available on the nutritional status of incident H D 
patients from other countries. According to the serum albumin level and body mass 
index, H D patients seemed in a better nutritional state than PD patients. However, the 
dietary protein intake, as estimated by the protein catabolic rate as well as the proportion 
of patients severely malnourished (malnutrition index) in the two treatment groups did 
not differ significantly. The lower serum albumin level in PD may be ascribed to the 
continuous protein loss in the dialysate, whereas the higher body mass index in H D 
patients may be attributed to selection of overweight patients for H D , since P D is less 
advantageous in patients with overweight. 

Rfnalfunction 

Three months after the start of dialysis, residual GFR in our H D and PD patients was 2.9 
mL/min/1.73m2 . Preliminary data from the USRDS Morbidity and Mortality study 
showed that residual GFR in PD patients was 4.9 mL/min and in H D patients 3.4 
mL/min at 60 days after the start of dialysis.31 This suggests that the time of initiation of 
dialysis was similar in patients who started HD. However, US patients on P D may have 
started earlier than our PD patients. Three studies showed mean residual renal creatinine 
clearances at the time of initiation of dialysis ranging from 4.3 to 6.9 mL/min. 3 2 3 4 This 
corresponds to 43 to 70 L/wk, which is higher than the residual creatinine clearance of 40 
L/wk/1.73 m2 in our group. Part of this difference may be explained by the decrease in 
residual renal function in our patients during the first three months of dialysis treatment. 
However, in a recent large study in PD patients the authors reported a mean residual renal 
creatinine clearance -'milar to ours, namely 39 L/wk/1.73m2 at the start of dialysis.35 As 
the preservation of residual renal function in P D is relatively good,34 this suggests a 
creatinine clearance at three months after the start of dialysis, which is similar to that in 
our PD group. 

Therapy characteristics 

More than half of our H D patients received less total Kt/Vurea per week than currentiy 
advised in the US (3.6/week). An explanation may be that in contrast to the situation in 
the US, where H D patients start dialysis at a weekly frequency of three times, many 
Dutch H D patients start at a frequency of twice a week. Furthermore, between 1993 and 
1995, urea kinetic monitoring was not widely practiced in The Netherlands. About 50% 
of our P D patients did not meet the current US standards for total Kt/Vu r c a (2/wk), 
whereas 26% of them did not meet the US criteria for creatinine clearance 
(60L/wk/1.73m2). However, it should be stressed that with the usual P D treatment of 
four exchanges of two liters dialysate per day, these target values are hard to achieve, 
especially if the residual renal function decreases. Further prospective studies are needed 
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to show the validity of the US criteria for The Netherlands and other European countries. 

Conclusion 

With regard to age, gender, and primary renal disease, our patient group turned out to be 

representative for new Dutch dialysis patients in the period 1993-1995, and may therefore 

serve as a reference population to study future changes in patient case-mix and therapy 

characteristics in the Netherlands. It should be stressed that a straightforward comparison 

of patient outcomes across centers and countries is highly complicated when the 

comorbid status is not accounted for.36 To facilitate comparison of patients' comorbid 

status, a standard measure of comorbidity as well as national and international registries of 

comorbidity are needed. 
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1. Introduction 

Patients with end-stage renal disease (ESRD) cannot be cured of their underlying 
conditions. Because the dialysis itself has an important impact on the patient's life-style 
in terms of personal time involved and compliance required, the patient's own 
perception of health or quality of life (QL) is highly relevant for clinical practice. 
Therefore, it is necessary to define, measure, and act on assessments of the patient's 
health that are more broadly defined than life versus death. 

The objectives of the present chapter are 1) to describe the QL concept as it is 
applied in health care; 2) to outline the main methodological problems in assessing 
QL; 3) to review existing QL measures applied in dialysis patients; 4) to identify the 
bottlenecks in QL research in dialysis patients, and 5) to propose directions for future 
QL assessment in dialysis patients, both in research and clinical practice. 

2. The concept of Q L 

The QL-concept has been approached from many perspectives. These include 
physical well-being, the spiritual and psychological approaches, as well as social, 
economic and political aspects.1 However, QL in the context of disease and treatment 
is generally limited to health-related quality of life. Health, according to The World 
Health Organization (WHO), can be defined as "a state of complete physical, 
psychological and social well-being and not merely the absence of disease or 
infirmity".2 Consistent with this definition, there is general consensus that a 
comprehensive description of the QL should at least cover the patient's functioning 
and well-being in the physical, psychological and social domains. The physical domain 
comprises self-care, mobility, physical activity level, pain and other physical symptoms 
experienced as a result of either the disease or treatment. Psychological status includes 
cognitive functioning, emotional status, e.g. anxiety, depression and happiness, and 
also general perceptions of health, well-being and life satisfaction. The social domain 
refers to the ability to get along with others at the level of family, close friends, work 
and the general community, sexuality, and satisfaction with social contacts. '>3 5 

3. Assessment of Q L 

Because of its multidimensional nature the patient's assessment of QL is often 
complex. Nevertheless, many measurement tools or instruments have been developed 
in an attempt to assess this outcome parameter in clinical research, patient care, and 
policy making. Most of the available QL-instruments are structured questionnaires that 
depend on patient's self-report. 

3.1. Basic properties of QL-instruments 

The basic properties of an instrument to consider are its feasibility and its 
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psychometric soundness, i.e. reliability, validity and responsiveness. 

3.1.1. Feasibility 
Measures for use in routine clinical practice need to be short, simple, easy to 
administer and score, and low in cost while longer and more complex instruments 
might be acceptable in the research setting.6'7 Self-administered questionnaires, 
particularly those that are mailed to respondents, are less expensive but have a greater 
likelihood of nonresponse, errors of misunderstanding and missing items. This is 
especially a risk in more severely ill and elderly respondents.8-9 This creates the 
problem of not adequately evaluating QL in a subgroup of patients in which this is 
highly relevant.4 The use of an interviewer avoids these problems to some extent and 
generally allows collection of a larger volume of information and more complex data. 
However, the use of interviewers and their training to minimize interviewer effects is 
more time-consuming and expensive. A compromise between the two modes may be 
to have the questionnaire completed under supervision, or to interview by telephone. 
In subjects where self-reports are difficult to obtain, e.g. patients with dementia or 
other communication disorders, a health-care provider or a significant other (e.g. 
partner, child or other close companion) can be asked to respond on behalf of the 
patient , the so-called proxy approach.8 However, evidence regarding the validity of 
caregiver information is mixed. In general, there seems to be a tendency for caregivers, 
both formal and informal, to underestimate QL, especially in the psychosocial area.1012 

In addition, lower patient-proxy agreement can be expected among those patients for 
whom the need of proxies is most salient.13 

3.1.2. Reliability 
Reliability can be evaluated in terms of homogeneity or internal consistency and 
stability. Statistically, internal consistency is commonly measured by Cronbach's alpha, 
a measure of the weighted average correlation among all the items in a given 
instrument or scale.14 Cronbach's alpha can range between 0 (no correlation) and 1 
(perfect correlation). It is generally accepted that Cronbach's alphas should be in 
excess of 0.70.15 The stability of a self-report measure can be assessed by test-retest 
reliability, which is based on the concordance between measurements in the same 
subject on two occasions with the same instrument.1618 In case of observer-rated 
instruments stability can also be assessed by intra- and interrater reliability. 

3.1.3. Validity 

Validity refers to the degree to which a measure reflects what it is supposed to 
measure.15 Validity can be classified into content, criterion, construct and clinical 
validity. Content validity refers to a subjective review of the extent to which a measure 
covers the health concept.3 For criterion validity the relationship between the measure 
of interest and some superior criterion or 'gold-standard' has to be examined. Since no 
gold-standard measure for QL is present, this type of data does not exist. More 
common are studies of construct validity. Construct validity can be obtained by 
examining the relationships between the measure of interest and measures that are 
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intended to assess similar or dissimilar health concepts (convergent respectively 
discriminant validity).15'17 Finally, clinical validity can be assessed by examining the 
extent to which a given measure is able to distinguish between patients with different 
disease states (within and between diagnoses) and between patient groups and general 
population samples.4'7 

3.1.4. Responsiveness 
Evaluation of therapeutic or other health care interventions is mostly performed with 
repeated assessments of QL over time. For this purpose, a QL measure needs to be 
able to detect small but clinically meaningful intrapatient health changes over time. 
This property is called responsiveness or sensitivity to change.17'19 Due to the absence 
of a 'gold standard' for a relevant change in health status, information about the 
responsiveness of QL measures is scarce. Furthermore, methodological and statistical 
approaches to assess responsiveness are still under debate.20 Some variants are based 
on comparison of score changes obtained with a given QL-measure to the patient's or 
physician's overall impression of change.17-18'21'22 An alternatively proposed strategy is 
to examine whether scores on a measure alter in a certain direction and magnitude in 
parallel with changes in more objective parameters of disease severity, such as physical 
examination and laboratory investigations.23'24 

3.2. Types of QL instruments 

According to their scope and applicability, QL instruments can be classified into 
multidimensional or unidimensional instruments and generic or disease-specific 
instruments.25 The majority of QL-instruments uses a multidimensional approach. 
This has the advantage of allowing determination of the effects of a disease or 
treatment on different aspects of QL. Single instruments that attempt to measure all 
important domains of QL are called health profiles.8 A batter)' of scales for measuring 
particular dimensions or aspects of health can also be used, such as instruments to 
assess cognitive fun cùoning, depression, activities of daily living, or social functioning. 
The use of such a series of specific and often unidimensional measures allows one to 
assess each relevant life domain in depth. This approach has the disadvantage that 
results may not be comparable across studies and that patient-burden with completing 
such a battery may be unacceptable high.4 

Generic instruments are intended to be applicable in a wide variety of conditions, 
patient groups and demographic populations. Therefore, they allow comparisons of 
the impact of disease across groups with different health problems. However, as they 
may not adequately focus on particular concerns and problems of a specific patient 
group, they may not be able to detect relevant and specific health changes over time or 
as a result of an intervention. In contrast, since disease-specific instruments focus on 
problems and concerns associated with specific diseases, patient groups, or areas of 
function, they are more likely to be sensitive for the detection of clinically important 
health changes. However, inherent to their specific nature they do not allow cross-
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diseases comparisons.25'26 

Utility measures are an alternative approach to descriptive QL measures. The utility 
approach is derived from economic and decision making theory and is aimed at the 
valuation of specific levels of health. Utility measures provide a single number (utility) 
between 0 and 1, indicating the patient's preference for their current health state 
relative to death (0) and perfect health (1). As such, the technique combines the 
patient's overall assessment of health status with its value to him or her.27 A major 
advantage of the utility measurement is its amenability to cost-utility analysis. A 
disadvantage of the utility approach is that it does not allow examination of effect on 
different life domains.25 Moreover, important methodological issues concerning the 
methods for generating utilities and their convergence with classic QL measures still 
need to be resolved.4 

3.3. QL instruments used in ESRD 

A wide variety of QL measures has been used in ESRD patients. In this section only 
published, established, multidimensional QL measures will be discussed in more detail. 
Table 1 provides a summary of the most important characteristics of these 
instruments. They include the QL dimensions assessed, mode of administration, time 
to complete, number of items, reference period, perspective, scoring, measurement 
properties and language versions. In the following sections these characteristics will be 
discussed in more detail. 

3.3.1. Generic multidimensional instruments-descriptive 
Three established generic multidimensional instruments in dialysis patients have 
frequently been used: the Sickness Impact Profile, The Nottingham Health Profile, 
and The Medical Outcomes Study 36-item Short-Form Health Survey. 

3.3.1.1. The Sickness Impact Profile (SIP) 
The SIP has been designed as an outcome measure that had to be applicable in various 
patient groups, as well as in populations with different cultural backgrounds. The SIP 
measures perceived changes in behavior judged by a patient as the consequence of 
being sick.28 The questionnaire contains 136 items grouped into 12 categories of 
activities: sleep and rest, feeding, work, home management, recreation and pastimes, 
body care and movement, mobility, ambulation, emotional behavior, 
alertness/intellectual behavior, communication and social interaction. Endorsed 
statements are summed using item weights reflecting the degree of dysfunction. Apart 
from category scores, scores from three categories can be combined into a physical 
dimension, and four category scores can be combined into a psychosocial dimension. 
Finally, a total SIP-score can be calculated. Patients are asked to consider their current 
state that day and to determine which statements describe themselves and are related 
to their state of health. Examples of SIP items are: "I walk shorter distances or stop to 
rest often", "I act irritable and impatient with myself, for example, talk badly about 
myself, swear at myself, blame myself for things that happen", "I isolate myself as 
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much as I can from the rest of the family". 
The SIP has been found reliable and valid in various patient and general 

populations.28"30 Information on its responsiveness to changes in health status is 
mixed.3134 A drawback of the SIP is its relative insensitivity in populations with mild 
disease impact.35 

The SIP has been used extensively in dialysis patients to assess QL.3 6 5 1 Internal 
consistency of the SIP appeared to be acceptable42. Construct validity was supported 
by correlations in the hypothesized direction between SIP scales and other instruments 
measuring similar or dissimilar health aspects.41.42 In addition, the SIP has been shown 
to be able to discriminate between dialysis patients and general population samples36 

and between patient groups with regard to age, comorbidity and the degree of 
anemia.43'45'51 The responsiveness of the SIP is illustrated by the improvements that 
were found for several SIP subscale scores before and after transplantation.38 Total 
SIP scores improved after successful treatment of anemia with erythropoietin (EPO), 
but the separate (sub)scale scores, showed inconsistent patterns.37'46.47.49.50 Due to its 
length the SIP is most suitable for cross-sectional studies. Recently a short version of 
the SIP, containing 68 items divided over six categories, has proven reliable.52 

3.3.1.2. Nottingham Health Profile (NHP) 
The N H P has been developed as a measure of perceived health for use in population 
surveys. The first part of the questionnaire consists of 38 items, scored 'y es ' / 'no ' , 
grouped into six scales: physical mobility, energy, pain, sleep, social isolation and 
emotional reaction. Weighted sum scores are calculated for each scale. The second 
part comprises seven 'yes ' / 'no' items that are not summed but considered separately. 
It assesses the impact of health on seven life areas: jobs around the house, home life, 
social life, sex life, hobbies, holidays and employment. No reference period is 
specified. As some of the items of part 2 seldom apply to all respondents, application 
of part 2 has been discouraged by The European Group for Quality of Life and 
Health Measurement.53 Examples of items of part 1 are: "I have trouble getting up and 
down stairs and steps", "The days seem to drag", "I feel I am a burden to people". 

Reliability and validity have been reported,5456 responsiveness studies are 
inconsistent.57-58 Like the SIP, the N H P lacks sensitivity in respondents with less 
severe health problems.59'60 

The N H P has been used in a small number of renal failure studies.42.6166 

Satisfactory reliability has been shown.42-62 Validity was shown by correlations of the 
physical and psychological scales in the expected direction with other measures of 
physical and psychological functioning.42 Furthermore, improvements in energy, 
physical mobility and emotional well-being and reduced limitation in looking after 
home, social life, sex life and hobbies have been found with E P O therapy.61-63.64 

Compared to the SIP, the N H P was found to be somewhat more reliable and feasible, 
i.e., shorter and less difficult, in a sample of dialysis patients.42 In line with the 
intentions of the constructors, the N H P was found to be a measure of perceived 
health, while the SIP is a more functional measure. 
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3.3.1.3. The MOS Short Form 36 (SF-36) 
The SF-36, also known as the RAND-36 Item Health Survey, has been developed to 
meet a need for short and yet comprehensive measures that can be used in clinical 
settings and in studies that are unable to afford the use of longer measures.67"69 The 
SF-36 consists of eight multi-item scales: physical functioning, role limitations caused 
by physical problems, bodily pain, general health perceptions, mental well-being, role 
limitations caused by emotional problems, social functioning and vitality 
(energy/fatigue). The first four may be combined as a physical component score and 
the last four as a mental component score.70 Item response options vary between 2 
and 6. Patients are asked to rate the effect of their health on their life during the last 
four weeks (standard version) or during the last week (acute version). Scores are 
summed for each scale. Examples of items are: " Does your health now limit you in 
climbing several flights of stairs?", "How much time during the past 4 weeks have you 
felt downhearted and blue?", "During the past 4 weeks, to what extent has your 
physical health or emotional problems interfered with your normal social activities 
with family, friends, neighbors or groups?". 

The SF-36 has been proven to be both reliable and valid in various general and 
patient populations.59,69,71-73 The SF-36 was capable to detect improvement in health 
status after heart valve and hip replacement,32-74 and in surgical clinical trials.75 It was 
also responsive to changes in perceived health status over time in common clinical 
conditions, such as menorrhagia, peptic ulcer, low back pain and varicose veins.76 

In the dialysis context the SF-36 has been used both for investigational purposes 
and for individual patient monitoring.10'63-77-85 Internal consistency of the SF-36 in 
dialysis patients has been reported.77-80-84 The SF-36 discriminates between dialysis 
patients and general population samples,63-77-79-83-84 between dialysis and transplanted 
patients, between patients with varying degrees of comorbidity79 and between known-
group classifications such as length of hospital stay and number of medications used.77 

In addition, the SF-36 has been able to detect improvements in health status with 
correction of anemia by EPO therapy.63-81 The questionnaire is short and easy to 
administer and has a high patient acceptance.80 Teams from dialysis programs in the 
USA have reported promising experience in using SF-36 responses as a tool in 
individual-patient monitoring.80-84 

3.3.2. Disease-spedfic multidimensional instruments-descriptive 
A number of attempts, some more structured than others, have been made to 
construct instruments that are specifically focused on the QL impact of ESRD and its 
treatment e.g. references no. 47,77,86-94. Three selected, well-documented, 
multidimensional ESRD-specific instruments will be discussed here in depth. 

3.3.2.1. Parfrey 's-lnstrument 

The intention of Parfrey and co-workers was to develop an ESRD-specific instrument 
for use in the evaluation of various ESRD therapies.92-95-96 This instrument, a battery 
of eight scales, includes an ESRD-specific symptom and affect scale and six generic 
scales addressing: mental well-being (Campbell's indices of General Affect, Life 
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satisfaction and Well-being97), overall physical and mental independence (the Spitzer 
Subjective Quality of Life Index98), activity, daily living, health, support and outlook, 
(the Spitzer Concise Quality of Life Index98) and functional impairment (Karnofsky 
Performance scale99). The latter two scales are clinician-rated, while the other scales 
are self-rated. The symptom scale includes one individual-specific symptom and 11 
preselected symptoms, identified by interview of 226 ESRD patients (e.g. tiredness, 
cramps, itchiness). The affect scale consists of twelve emotions, which the researchers 
considered to influence ESRD patients' well-being (e.g. faith, helpless, fed up). 
Patients are asked to rate each symptom and affect on a scale of 1 (very severe) to 5 
(absent). Patients are asked to refer to the previous few weeks. Sum scores are 
calculated for each scale. A well-trained interviewer is necessary to administer the 
questionnaire, which takes about 20 minutes.92 

Intra- and interrater reproducibility was established and the instrument was found 
to be able to discriminate between dialysis and transplant patients with respect to 
physical aspects of QL. Responsiveness was supported by improvement in scores in 
dialysis patients after successful transplantation and unchanged scores in maintenance 
dialysis and transplant patients.92.96 An advantage of Parfrey's instrument is the 
inclusion of generic instruments. This allows comparison with other (patient) 
populations. A limitation is its need for well-trained interviewers. So far, this 
instrument has not been used by other research groups. 

3.3.2.2. The Kidney Disease Questionnaire (KDQ) 
The K D Q has been developed for use in clinical trials in hemodialysis 
patients.37'46'47'100 Potential relevant items were identified by interviewing patients and 
health care workers and review of existing QL measures. Next, 50 hemodialysis 
patients were asked to rank the importance of each item using a five-point scale. The 
items that were found to be most important to them, were retained in the final 
questionnaire. This questionnaire contains 26 items in five dimensions: physical 
symptoms, fatigue, relationships with others, depression, and frustration. The physical 
symptoms scale comprises six individual-specific symptoms. Patients are asked to 
consider the last two weeks. For example, an item of the fatigue dimension: "How 
often during the past two weeks have you felt low in energy?". All items are scored on 
a 7-point rating scale. Each dimension score represents the average of all items in the 
concerning dimension. 

Performance characteristics of the K D Q were assessed in a clinical trial of E P O 
treatment. The K D Q scores were found to be reproducible and to display construct 
validity when compared with scores on the SIP, the Time Trade Off instrument (see 
section 3.3.3) and an exercise stress test. Moreover, the K D Q appeared to be more 
sensitive to change in patients receiving E P O treatment than the other outcome 
measures used.37.46'47 The K D Q was reported to be well-accepted by patients. Its 
administration time ranged between 10 and 15 minutes.47 The K D Q is only applicable 
in hemodialysis patients. A similar transplant version, the Kidney Transplant 
Questionnaire has been developed by the same authors.91 Allowing patients to select 
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the symptoms of greatest concern to them enhances the responsiveness and patient 
acceptance, but limits the possibility of aggregating data across patients and studies.101 

Like Parfrey's instrument, the K D Q has not yet been used by other research groups. 

3.3.2.3. The Kidney Disease Quality of Life Instrument (KDQOT) 
The original 134-item K D Q O L is a self-report instrument that includes the SF-
36/RAND-36 as a generic core, supplemented with multi-item scales targeted at 
particular problems of individuals with kidney disease and on dialysis: 
symptoms/problems, effects of kidney disease on daily life, burden of kidney disease, 
cognitive function, work status, sexual function, quality of social interaction and sleep. 
Also included were multi-item measures of social support, dialysis staff 
encouragement, patient satisfaction and a single-item overall rating of health. The 
selection of the disease targeted items was based on discussion groups with patients, 
dialysis staff and review of the literature.77 For most items patients are asked to refer 
to the past four weeks. For some items no specific reference period is stated. Items in 
the same scale are averaged together to create the scale scores. Examples of items are: 
"During the past 4 weeks, to what extent were you bothered by cramps?", "How much 
does kidney disease bother you in your ability to travel?", "I feel frustrated dealing with 
my kidney disease". 

Internal consistency and validity of the K D Q O L were supported in a population 
of 165 dialysis patients in the USA.77 As the length of the K D Q O L was expected to be 
a drawback for practical use, the KDQOL-Short Form (KDQOL-SF) has been 
developed. The KDQOL-SF includes the SF-36/RAND-36, supplemented with 43 
items covering the same disease targeted aspects as the original form. The K D Q O L -
SF has been found to be well accepted and quick to complete (16 min).102 Support for 
internal consistency and validity has been provided in a sample of 165 dialysis patients. 
Evaluation of its responsiveness is currently ongoing.103 Like Parfrey's instrument the 
inclusion of a generic core allows comparison with other disease states and general 
population samples. Compared to the K D Q and Parfrey's instrument the K D Q O L is 
more comprehensive in scope. Moreover, the KDQOL-SF has been translated in 
several languages and is currently included as an outcome measure in large-scale 
(multi-)national trials. 

3.3.3. Utility measures 

Unlike the descriptive approaches, utility measurements in dialysis patients are 
rather limited. This may be explained by the fact that empirical work in utility 
measurement has not yet reached the same stage of development as descriptive QL 
measurement.104 Since the Time Trade Off (TTO) technique has been applied in a 
number of QL studies in ESRD patients,37.44.46.48.87.105107 it will be discussed here in 
somewhat more detail. 

3.3.3.1. The Time Trade Off (TTO) 

In the TTO approach the respondent is asked how many years of perfect health he or 
she would be willing to trade for their current health.46 The choices are presented in a 
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standardized manner by a trained interviewer using visual aids. The expected choice is 
a life time in full health. By reducing the time of perfect health and leaving the time in 
the suboptimal health state fixed, a point can be determined in which the patient no 
longer can make a preference choice.103 This indifference point is called the utility. For 
example, an ESRD patient may rate being in his or her current health state for 10 years 
as equivalent to perfect health for 5 years. This would result in an utility of patient's 
current health state of 0.5 on a 0 to 1 utility scale, where 0 denotes death and 1 perfect 
health.103 

The T T O approach has been described as a reliable and valid method in ESRD 
patients.105-106 The T T O appeared sensitive to changes in QL after successful 
transplantation48'107 but insensitive to improvement in K t / V dose87 and E P O 
therapy.37-46 The fact that various methodological problems in utility measurements 
still have to be resolved, together with the relatively high patient-burden and the need 
of well-trained interviewers limit the use of the TTO. 

3.4. Choosing the appropriate OL instrument 

The choice of the appropriate QL instrument is dependent on the objective of 
measurement and the clinical context. Also the dimensions considered most relevant, 
the measurement properties of the instrument and available resources are important. 

As discussed earlier, instruments for use in patient care need to be short and easy 
to administer, simple to score and interpret and low in costs. Lengthier and more 
complex questionnaires may be applicated in the research setting. Regarding 
measurement properties, reliability and validity are always important. The importance 
of responsiveness to change will depend on the purpose of assessing QL. For 
example, in longitudinal studies and clinical trials with repeated measurements, 
responsiveness is an additional essential feature. 

Health profiles carry the risk that, simply by chance, a significant effect is found in 
one or more dimensions, because many variables are tested. A single aggregate score 
avoids this statistical problem of multiple testing and is therefore preferred in clinical 
trials. However, as the same overall score can be arrived at in different ways, they may 
obscure important variability in treatment-dimension interactions.6 

Another consideration is whether to use a generic or a disease-specific measure. 
Generic instruments may not be adequately sensitive to the specific QL concerns of 
the dialysis patient. In contrast, disease-specific measures, by using dialysis patient 
experience in their development, are likely to be more relevant and more responsive to 
clinically relevant disease activity. This makes them more appropriate when the 
objective is to identify effects that dialysis patients experience when a new therapy is 
introduced. However, disease-specific instruments give limited opportunity for the 
establishment of the relative burden of different diseases and the relative merit of 
différent interventions in various diseases. Therefore, generic instruments are likely to 
be of greatest interest to third party payers and policy makers, while disease-specific 
instruments may be most suitable in clinical trials and patient care. 
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Utility measures are particularly relevant if the economical implications of an 
intervention are a major focus of investigation.8 However, various methodological 
problems in utility measurements have yet to be resolved.4 

From the preceding discussion it can be concluded that no single best instrument 
exists. In line with others,6'26'108 we consider the combination of a validated 
multidimensional generic and disease-specific instrument the preferable approach in 
most situations. 

4. Results of QL studies in ESRD 

From the early days of dialysis an abundance of papers have addressed the QL of 
ESRD patients. Despite all these research efforts, the answer to the question which 
treatment should be recommended to which patients is still lacking. Recent reviews 
have summarized the results of the majority of studies.109115 

The aim of the present review therefore, was not to repeat the work already done 
by others, but to tabulate in a systematic way the methodological properties of former 
studies such as the design, sample size, dimensions of QL assessed, and allowance for 
case mix differences. The term case mix is used to describe those factors that vary in 
groups being compared, that might affect the types of treatment outcome. m This 
approach was chosen to identify the bottlenecks in the interpretation of the various 
studies. We focused only on studies from the last decade. The older studies were 
excluded because they were conducted before the era of important technological 
advances, including improved hemodialysis, establishment of peritoneal dialysis on a 
large scale, introduction of the immunosuppressant cyclosporine and last but not least 
erythropoietin. Studies not published in the English language and not published in 
medical journals or journals of the psychosocial sciences were also excluded. Finally, 
interim analyses and studies designed for the sole purpose of assessing measurement 
properties of new QL tools were excluded too. As a comprehensive review is 
impossible in this limited space, representative examples of the various QL studies in 
ESRD patients are presented. 

The results of the selected studies are summarized in Tables 2 and 3. Overall, the 
picture emerges that QL of successfully transplanted patients is superior to that of 
patients on dialysis treatment. Among dialysis patients, approximately half of the 
comparative studies of home hemodialysis (HHD), in-center hemodialysis (CHD) and 
peritoneal dialysis (PD) favored H H D over CHD and PD, while the other studies 
suggested QL of these modalities be similar. No differences in QL were found in the 
great majority of comparisons of patients treated by CHD or PD. The other studies 
suggested either CHD or PD patients to attain a higher QL. With the exception of one 
study,117 all comparisons of QL between dialysis patients and general population 
samples reported that QL of dialysis patients was substantially impaired, especially 
regarding the physical dimension. 

The impact of adequacy of dialysis on QL has only recently received attention. N o 
association has been found between Kt /V and QL.51'78'83.85.118 A small positive 
association has been observed between the normalized protein catabolic rate (nPCR) 
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and physical functioning78-83 and bodily pain.83 However, Moreno et al.51 found no 
association between PCR and QL. Additionally, univariate analysis of a small sample 
of CAPD patients78 showed that patients with a total creatinine clearance (Ccr) of 65 
L/week/1.73m2 or higher reported greater vitality than patients with a Ccr of less than 
65 L/week/1.73m2. 

With the exception of only one randomized, placebo-controlled clinical trial,37 

information on the effect of E P O on QL is derived from non-randomized studies 
including a large, controlled, phase IV study,63 a large scale phase III study64 without a 
concurrent control group and numerous small-scale studies with no or improper 
control groups.«.50,61,119,120 E x c e p t from one small study,61 all studies were done in 
hemodialysis patients. A beneficial effect of E P O was observed on physical aspects of 
QL, especially regarding energy level. The effect on the social and psychological 
aspects of QL appears less dramatic and less consistent (Table 3). Proper evaluation of 
the optimal dosage of E P O to provide a maximum enhancement of QL with minimal 
risk of adverse events of E P O therapy, such as hypertension or vascular access 
clotting, is indicated. 

The lack of agreement between the comparative studies of QL of the various 
treatment modalities may partially be explained by differences in definition of QL and 
tools to assess QL. Though it can not be directly inferred from Table 2, definition of 
QL in the late eighties and early nineties was heavily weighted on psychosocial well-
being and life satisfaction while less attention was paid to functional aspects. In 
addition, a wide array of measures, validated or not, was used. In more recent years a 
trend is present towards a more multi-faceted assessment of QL in functional, well-
being and satisfaction terms, with the application of established multidimensional 
instruments, such as the SIP and SF-36. 

Another possible critical issue contributing to the lack of conclusive evidence, is 
the fact that all comparative studies of QL of ESRD patients in different modalities 
were observational, cross-sectional, non-randomized comparisons. Inherendy, the 
various groups were probably heterogeneous with respect to case mix. As ESRD is the 
terminal condition of very different diseases and disease processes, and the choice of 
treatment modality depends on both medical and non-medical factors,112'121 case mix is 
an important issue in comparative studies in ESRD patients.112 The fact that patients 
sometimes change their modality of treatment for both medical and non-medical 
reasons further complicates this issue. Therefore, not only the cross-sectional nature 
but also the timing of studies may be a critical issue in itself. Assessment early in the 
course of treatment may include patients who are unsatisfied and likely to switch 
modality.113 On the other hand, assessment later in the course of treatment may 
overestimate QL as patients who do less well may have died or switched from 
modality. Furthermore, patients who have experienced a prior therapy have more 
points of reference available: i.e. the period prior to ESRD, the period with their 
former treatment, the time their transplant failed or the period after a successful 
transplant. Moreover, the option of changing modality will be less available to patients 
who have already experienced another treatment and found it unsatisfactory.122 



46 Chapter 3.1 

fa CO 

a 

Vi 

.s 
Vi 
U 

a 
-« 
c 
o 
a 

O 

u 
« 
H 

« g 
H -?, Se •s V 

g 
<L) c 

H 
S* 

3 
II 

u 

J2 

c o •a 

ü -fl 0 
CU :: •< c H 
II 

c 
O 
u c 

§ 'S o •n 
-a 
a 

u 
»J 

iT •5 
a -a J 

cy < u -S (J 

W 3 
=8 5 •^3 S •^3 S 

m 2 
T3 CO 

m 2 5 2 

C s v a 
u CO Ë Cs 
0 CO u CO 
=s z o co 2 

•3 n 

mX 2 

J c U 

(/) cd 
C & .3 
H -J 0 

c« 

u 
u 

c 
0 •a 

EUQ 
0 
p 

+ 

(̂  <D 

J « a 

Si .3 

o -d e u 
N 

» P 2 ° S-u ^ 
•• cd 
S! u 
S fe 

IS" 
11 
° 6 

c~Tî 

3 
a. 

2 o S 

P fe. 

S -s •a « 
u "S 
•£ o 
•o e 

tu 

0 a 

§-s o § 
m n 0 1 M 

•SI 
o'-s ft- hh 
c .Ëp OH j j 

h-'-a •fi f? 
S 2 ft- ° i l S -o ö 
0 J J %£ 3 

(Tl 
S QJ 

r P i $ 
U 

R. 
S o >, >-< P-* 
SQ 
£ x 

ül 
P a 
3 'Eb 
a ja 

•a ÏÏ 
Q.-S 

C4 

O 

-
< 

P-* 
SQ 
£ x 

ül 
P a 
3 'Eb 
a ja 

IS 
o. P 

z 
1 
3 

P-* 
SQ 
£ x 

ül 
P a 
3 'Eb 
a ja O OJ 

O. J3 
0 

— 



State of the art 47 

s ° 

a p 

-2 H 

ie 
| C J 

a 
o 

U 

H 

w 0 
fl u 

>-ü 
0 5 

T) 3 
JJ Ö 

S A 

Er S 

•fl 3 
•2 n PUT3 

£ £ 
T3 ( ) <u ^ 
H A 3 Si 
.a ü .". S 
iï.jS 

J3 < 
Pu U 

v -3 

(U ta 

S S 

2 5 

e s 

eu 
O 
II 
Q 
pu 
<i 
U 
II 
Q 
S 
u 

s e 

H h- U R 
A -= 

a) «, U 
Pu 

S r. S a) 

c 
> 

<! u 
il 

n 

£ 
a 
•u 

— 
.3 

— 
a 
o c 

> 

X 'în rt 
- c ) C O 

II a M II 
<u 

1 H
H

E
 

N
on

-
di

ff
er

 

V 

H 
V 

Pu 
Ü 
II 

Q J H 

Visa 
Il u M 
o -an 
£•§ « 
<, o ~ u x U .. 

u Cu u 

C/PÏÏ J Z 

S -

c -

Q 
Pu < u 
II 
Q 
X 
u 

00 H H 
+ T3 

TJ 
Ö 

+ X 

8 o 

P 2 2, ^. 

drX 

S s 

- H o 

* c ü C 

s-i 

.3 ü 

§3" 



48 Chapter 3.1 

a X 

S- + 
g (S 

.2 H 

n 
•a 
c 
o 

U 

3 

b • 
a. 

Si 
z 

z & 

lî. - ai ~ 

P. 
II 
ä 
X 
u 

o 

Il 
'C ^ 
O 2 

P. U 

o ë 
V S 

H .3 
Q 3 a, œ 

i l 

cy< 

O 2 

H H 

H 

.3 .3 
E a 
o o u u 

Q Q 
p. p. 

u u -a 

cycë 

z 3 

2 2 

„ + 

J c 
bu li 

G P. 
n 0 

U 5T 

.Si. u 
o a 

• S H 

- h 

J3 ^ 

O p* 

o P. 

cy. i s 
C u 
O CL 

If: 
il 
•s-a. 

J2 
P. 

« -a 
o s 

> ^ 

1-° 

M 

'S -g 
s 3 

c S is 

g X 

« a 

S o 

• a, 

II 
-£• ^ . û 

^ rt 
a. u 

••öS* 
•g -S s-
Ä | H 
'Et'S Z -£-£ p 

y a. 
5 Œ 

s 3 
111 
P- =5 o 

£ Eb 
S .2 

-S "• 

° -h' 
3 o £ 
O.Ê S 



State of the art 49 

S 
H 

ë ^ 

fi 
I 2 

Q 

S + 

1-8 
a >- + 
g * l 

PL, 

a. 

£• c 

E.JS 

? S 

3 ^ 1 

0 
0 

0 « 

6 2 

u u 
c 

È - - 0 

-3 S 
0 

:̂ -V 1 •! 0 

e0' 'Ü 

g w. 
0 0 0 H y « 

-o H c 
C 

3 

C 

3 -T3 

d 
0 

a 7 O u a h ï s ^ Se 

1S 
m 

1 1 ^4 
CN ä ^a 

t~-

s< s< 

5 ™ 

a «J «o os u -

< ; T-i c/3 ^ O s 

S-K 

=5-3 

.S is 

cy-s 

'G Z 

8.1 

s .3 



50 Chapter 3.1 

§•9 

Hi 

CL 

tó 

o 

• S e 

8> O 3 B 
0 'O a 

•V u 3 

/c
ho

k 
do

n 
fr

 
e 

to
 F

 
D

ro
ve

 
id

ap
ta

 
ve

 f
un

 
e 

to
 F

 

d 
ps

 
ap

ta
 

se
ün

 
o 

im
 

0 0 « 

o ' E o £ 

Q 
PL, 

S < 
C (J 
'S Q 
p. x 

SoCQ 

S s 
Q ai 

0 
c 

0 
Q 

f 
n U u u 
P, 0 -
w 

0 

s s 

O co 

V c 

u .. o 
.O 

rt V U .£ q P. .£ r 
J j w hj 

yc
ho

so
 

L
 f

ro
m

 
jp

 w
it

h U1 

(-1 

0 
& 
C ft 

&< c/ b W EU 

s s 
Oût-Î OD"^ 

o B öo iS o 

s o : o v 
.2 c ' p, o 

.S 3 
O O 
CL u 

s > 
S Ji 

* e 
'2 c g-
g T3 S PH 

Ê S '0 2 
1-3 S « 

H3 O. C O 

O 
p< 

i-i' 
CL, P ' 

i ö 

* •&! 1 1 J 1 J 
S 2 3 Q 2 H § 

g; 

•* LI (J l ^ 
Ö <U - 3 3 

s c -M g 
S . S U Ü 
? | o-a 
o J P, c 
u S w H 

1 

1 

I 
Pu 



State of the art 51 

O + 
§•« 
Ü >- + BÄ 

+ 
P-

3 . 3 1 

0 

Q 
P-, 

S < 
c u 
' a Q 
0- K 

5b 03 

Q od 

•SI 
c o 

a s 2 o 

A | . 

< S 

.s 
o 

- 1 'S 
cy §-
-3 UH 

•S 
§*io 
o .S 

" s a g 

fill -tu 

l e 
Û J J 

bo 

G 
0 

JO 

,, 
G 
0 S 

0 i 
D 

0 

rt U_| 

X> 

& ^ 

(rt o _ s 
o u.a: 
o f i f 

S 
0 
c 

ri 
U 

H 

ri ^ 
2 ^ 

c o •a .S S 
p-, w2 

2 2 

-3J 

• s i 

S " 

•a O 
S Pi 

-S -S 

IL 
o- o 
3 H 

4J XI 
<S 2 

2 O 
i l a 

11 
g 2 ö -. a. 

, J xr 3 

+ 

+ 

' 0 CN 

m x. 

Z 
| 
I o -o 

a o -a 

'Eb 



52 Chapter 3.1 

aj c/D 

Ë 

g ^ 

» * 

fee 

0 
2 < 
C (J 

£ x 

fr
o 

w
it

 
te

d .3 

s 
a 

i 
<L> • 
o 
LH 

0* 

1 

ph
ys

ic
al

 a
nd

 
ps

yc
ho

so
ci

al
 Q

L
 

ba
se

li
ne

 t
o 

F
up

1 
E

P
O

, 
th

at
 p

er
si

s 

CS 

--

a 
.3 

&S 

2 
JS u 
o 

z 

oj 
o 
a 
"5 
a 
o 
u 

il 
;.s J „ 

a %< 
•73 CL, 

Q cri 

G -ö S ~ a H 3 O 
5 « er CL, 

S. S s; w 

o _ 

S x 
u <u 2 s£ » 

W •% .3 

aj T3 « 

5 M O " 

i | i j 
•— o. a. ja 

c O 

o4 
CL, 2 
Bl "o 

g.-1 
a o 

ü CL u 

Oû CL, ^ 

gw 3 
u ° Ë 
O T3 o 

Z -3 LJJ 

a i^ 
o .s „ 

° o ï S ^ 
£n W C U o 

o „ 

g > 
où « ^ 

« .a SA <x> 

o X u 

o M « T-. 

•73 

0 
Ö X 

' Ö 3 
c 

> 
§ ü 
u X 

f 

+11 

c 

< 
Z 

i 

a 



State of the art 53 

The importance of allowing for case mix is illustrated by the fact that significant 
differences in QL between different dialysis modalities disappeared, once adjustment 
for case mix was made.43'45'51'83-122425 In one study, the rank order of dialysis modalities 
in terms of QL even changed after allowing for case mix.45 Table 2 shows that case 
mix adjustment differed between studies. Some included the full range of 
sociodemographic, primary kidney disease, comorbidity, anemia and therapy 
history,51-83 others only assessed a few variables.«,45,82,85,88,122-127 About one third of the 
studies did not take case mix differences into account.36.78.79.117.118.128 13° Age,43.45-51.123-125 

the presence of diabetes mellitus43.45'51 as well as other co-existent 
conditions43'45'51'83'117'123-125 are the most consistently mentioned explanatory factors of 
impaired QL. Gender51'117 and education43'51 are other case mix variables that have 
been reported to influence QL independently. Recently, lower residual renal function 
was observed to be independently associated with worse QL.8 3 However, as to our 
knowledge this factor has only been studied once, further data on the effect of residual 
renal function on QL are necessary. Furthermore, results of intervention studies, 
presented in Table 3, showed that improvement of anemia with E P O significandy 
improved QL, especially regarding the energy level. This evidence underscores the 
need to adjust for the level of anemia in comparisons of QL of treatment modalities. 
So far, only two comparisons of treatment modalities reported adjustment for the level 
of anemia.51'83 Studies that did not consider level of anemia may reflect the adverse 
effects of anemia rather than uremia or its treatment.111 

Not only the type but also the definition of case mix variables considered differed 
among studies. Mosdy, comorbid status was assessed by the presence of preselected 
types of co-existent diseases,43'85'117 and/or summing the number of co-existent 
conditions, each condition equally weighted.45'83'123-125 Only a few studies focused on 
the severity of co-existent diseases.51-130 As the number and type of co-existent diseases 
assessed varied, comorbid status cannot simply be compared across studies. 
Adjustment for therapy history varied between length of time since ESRD onset,43 

length of time on ESRD treatment,88'123 length of time on dialysis,51'85'126'127 length of 
time on current treatment modality43'123 and history of a failed transplant.43-51'122"124 The 
effect of switching dialysis modality has only been studied once.122 '124 In a small 
sample of CAPD patients, patients who had experienced only CAPD reported 
somewhat higher QL than patients with previous hemodialysis treatment. Experience 
of a failed transplant had a detrimental effect on QL in one study,123 but no such 
influence was observed in another one.43 In the study of Simmons et al.122'124 an effect 
of a previous failed transplant was only suggested in CAPD. Length of time on current 
treatment was not associated with QL in patients who were stabilized on current 
treatment modality for a year or longer.43 In contrast, others observed that length of 
time on dialysis was associated with higher psychological distress.126 The remaining 
studies presented in Table 2 adjusted for time on dialysis or failed transplant, but did 
not report the specific effect of therapy history on QL. Therefore, supplementary data 
on effect of therapy, especially regarding switching of dialysis modalities are required. 

Apart from the various definitions and assessment tools of QL and the cross-
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sectional study designs, the small sample size of many studies may have attributed to 
the absence of firm conclusions on the QL of ESRD patients, except for being worse 
than the general population. 

4. Conclusions and future directions 

Uncertainty with regard to the clinical significance of differences in QL will remain, 
until multi-center randomized trials comparing the different dialysis modalities are 
completed. The same holds true with respect to the effect of adequacy of dialysis. 
However, randomized allocation to dialysis modality is hard to achieve. In the absence 
of randomized trials, longitudinal multi-center cohort studies starting at or near the 
date of the initiation of treatment and following patients for a considerable amount of 
time are the best alternative. Suitable adjustment for case mix differences should be 
made, to provide that prognostically similar groups are compared. The case mix 
variables that should at least be considered are age, gender, education, socio-economic 
status, the level of anemia, residual renal function, therapy history, primary kidney 
disease as well as the presence and severity of co-existent conditions. Regarding 
severity of illness, the assessment is still not well-established, either in the general 
hospital setting or in ESRD-specific settings.101 Encouraging results have been 
reported on medical record based indices, such as The Index of Co-Existent Disease 
(ICED)101."6.131 and The DUKE Severity of Illness Checklist (DUSOI)101.132. Recently, 
a patient self-report measure originally developed to assess severity of diabetes and 
comorbidity in diabetes patients, has been suggested suitable for use in ESRD-
patients.133 However, further evaluation is necessary. In addition, more insight is 
needed into both the physician and patient preferences for dialysis modalities, to 
minimize the effect of selection bias in the evaluation of different treatment 
alternatives. 

In our review we have focused only on published, validated instruments. To our 
knowledge, results of currently ongoing evaluation of other instruments for use in the 
dialysis setting, such as The Dartmouth C O O P Charts, The D U K E Health Profile, the 
CHOICE Health Experience Questionnaire and the Renal-Dependent Quality of Life 
Questionnaire, seem to be promising.101.134 

We conclude that QL assessment should regularly be performed in the clinical 
monitoring of ESRD patients. This assessment should preferably consist of the 
combination of a generic and a disease-specific instrument. Since the disease-specific 
KDQOL-SF incorporates a well-established generic core (SF-36/RAND-36), is well-
accepted by patients, short to complete and translated in several languages, we 
consider this instrument as a clinical suitable and promising QL measure. 
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Abstract 

Purpose: The aim of the present multicenter study was to assess quality of life of Dutch 
dialysis patients three months after the start of chronic dialysis treatment. The quality of life 
was compared with the quality of life of a general population sample and the impact of 
demographic, clinical, renal function and dialysis characteristics on patients' quality of life 
was studied. 
Methods: New end-stage renal disease (ESRD) patients who started on chronic hemodialysis 
or peritoneal dialysis in 13 dialysis centers in the Netherlands were consecutively included. 
Patients' self-assessment of quality of life was measured by the SF-36, a 36-item Short Form 
Health Survey Questionnaire encompassing eight dimensions: physical functioning, social 
functioning, role-functioning physical, role-functioning emotional, mental health, vitality, 
bodily pain and general health perceptions. 

Results: One hundred twenty hemodialysis and 106 peritoneal dialysis patients completed the 
SF-36. Quality of life of hemodialysis and peritoneal dialysis patients was substantially 
impaired in comparison to the general population sample, particularly with respect to role-
functioning physical and general health perceptions. Mean role-functioning physical and 
general health perceptions scores of the hemodialysis patients corresponded with the lowest 
scoring 8% and 12%, respectively, of the reference group. Mean role-functioning physical 
and general health perceptions scores of the peritoneal dialysis patients corresponded with 
the lowest scoring 10% and 12%, respectively, of the reference group. Hemodialysis 
patients showed lower levels of quality of life than peritoneal dialysis patients on physical 
functioning, role-functioning emotional, mental health and pain. However, on the 
multivariate level, we could only demonstrate an impact of dialysis modality on mental 
health. A higher number of comorbid conditions, a lower hemoglobin level and a lower 
residual renal function were independently related to poorer quality of life. The variability of 
the SF-36 scores explained by selected demographic, clinical, renal function and dialysis 
characteristics was highest for physical functioning (29.7%). Explained variability of the 
other SF-36 dimensions ranged from 6.9% for general health perceptions to 15.4% for 
vitality. 

Conclusions: Quality of life of new ESRD patients is substantially impaired. Comorbid 
conditions, hemoglobin and residual renal function could explain poor quality of life only to 
a limited extent. Further research exploring determinants and indices of quality of life in 
ESRD is warranted. From a clinical perspective, we may conclude that quality of life should 
be considered in the monitoring of dialysis patients. 
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Introduction 

Health-related quality of life is a multidimensional, patient-centered, dynamic concept 
encompassing physical health and symptoms, functional status, mental well-being and 
social functioning.1 Studies comparing quality of life between dialysis patients and general 
population samples have not yielded conclusive results. Some studies have found quality 
of life of dialysis patients to be inferior to quality of life of the general population;2"6 

others,7"9 however, have not observed a difference. In addition, comparisons of quality of 
life between hemodialysis and peritoneal dialysis did not indicate one of these to be clearly 
superior.10"15 These inconsistent results may have been caused by small sample sizes and 
the cross-sectional study design of these studies. The latter leads to heterogeneous 
treatment groups with respect to the duration of therapy and a divergent therapy history. 
In addition, insufficient control of background characteristics and the use of different 
definitions and assessment methods of quality of life may have attributed to the 
inconsistent results. Finally, it recently became clear that use of recombinant human 
erythropoietin significantly improves quality of life.16.17 Therefore, the value of studies 
conducted before the availability of erythropoietin that did not adjust for the level of 
anemia, is questionable. 

Quality of life assessment in reasonable numbers of chronic dialysis patients with a 
multidimensional, reliable and validated instrument is needed. In studies from the United 
States, the United Kingdom, and the Netherlands, the 36-item Short Form Health Survey 
Questionnaire (SF-36) has been found to satisfy these requirements.1821 Moreover, the 
SF-36 recently has been shown to be applicable to dialysis patients.25 However, these 
latter studies were conducted in limited patient groups and no adjustment was made for 
patient and dialysis characteristics. 

The aim of the present multicenter study was to assess quality of life, using the SF-36, 
of Dutch patients with end-stage renal disease (ESRD), who were newly started on 
chronic dialysis treatment. The quality of life of these patients was compared with the 
quality of life of a general population sample, and demographic, clinical, renal function 
and dialysis characteristics, associated with quality of life, were identified. 

Patients and methods 

Patients and procedures 
Between October 1, 1993 and April 1, 1995 new ESRD patients, aged >18 years, who 
were started on chronic hemodialysis or peritoneal dialysis in 13 Dutch dialysis centers, 
were consecutively included. These 13 dialysis centers comprise 27% of the total number 
of dialysis centers, that treat adult patients in The Netherlands. 

The following major categories of data were analyzed: demographic, clinical, renal 
function, dialysis and quality of life. These data were collected from each subject 3 
months after the start of chronic dialysis treatment. The choice for performing all 
measurements at 3 months was made because the mode of dialysis treatment usually has 
stabilized by this time. Hence, measurements at 3 months are less likely to be influenced 
by metabolic instability than at the initiation of treatment. 
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Demographic, clinical, renal function, and dialysis characteristics 
Demographic variables studied were age, sex, marital status, level of education and 
employment status. Clinical characteristics comprised primary kidney disease, 
comorbidity, use of erythropoietin, hemoglobin and serum albumin concentration. Renal 
function and dialysis characteristics comprised residual renal function, dose of dialysis in 
terms of dialysis-related urea clearance, and protein catabolic rate (PCR). 

Primary kidney disease was classified according to the European Dialysis and 
Transplantation Association-European Renal Association (EDTA-ERA)-Registry. "Renal 
vascular disease" refers to renal vascular disease excluding vasculitis and comprises the 
following subcategories: renal vascular disease, type unspecified, renal vascular disease due 
to malignant hypertension (no primary renal disease), renal vascular disease due to 
hypertension (no primary renal disease) and renal vascular disease, classified. Comorbidity 
was defined in terms of presence of non-renal diseases at the time of commencing renal 
replacement therapy or in the medical history. It was divided into three major categories: 
cardiovascular comorbidity, diabetes mellitus and malignancy. In addition, the total 
number of comorbid conditions was calculated for each patient. 

Residual renal function (residual glomerular filtration rate [rGFR]) was calculated as 
the mean renal clearance of urea and creatinine. The removal of urea by dialysis was 
expressed as the dialysis Kt/Vurea. In the hemodialysis patients, dialysis Kt/Vurea was 
calculated by the equation of Daugirdas.22 To obtain the weekly Kt/VUrca, this number 
was multiplied by the number of treatments per week. The volume of distribution of urea 
(V) was estimated as 55% of body weight. This estimation was also used in all other 
calculations. In the peritoneal dialysis patients dialysis Kt/Vurea was calculated as the 
peritoneal Kt/Vllrca per 24 hours multiplied by 7. The normalized PCR (nPCR) was 
calculated according to Daugirdas22 in the hemodialysis patients. In the peritoneal dialysis 
patients, it was calculated as nPNA according to the equation of Bergström et al.23 The 
nPCR and nPNA reflect the protein intake in metabolically stable patients. The 
hemodialysis patients collected all urine during an interdialytic interval. Blood samples 
were taken before and after the dialysis preceding this interval and at the end of this 
interval. The peritoneal dialysis patients collected urine and dialysate during a 24 hour 
period. A blood sample was taken during the collection period. Urea and creatinine in the 
plasma, urine and, in peritoneal dialysate were determined. 

Quality-qf-life assessment 

Patients' self-assessment of quality of life was measured by the MOS SF-36.18"21 The SF-
36 is a generic multidimensional instrument consisting of eight multi-item scales 
representing: (I) physical functioning (extent to which health limits physical activities such 
as self-care, walking, and climbing stairs), (2) social functioning (extent to which physical 
health or emotional problems interfere with normal social activities), (3) role-functioning 
physical (extent to which physical health interferes with work or other daily activities), (4) 
role-functioning emotional (extent to which emotional problems interfere with work or 
other daily activities), (5) mental health (general mental health including depression, 
anxiety, behavioral-emotional control, general positive affect), (6) vitality (feeling energetic 
and full of pep versus tired and worn out), (7) bodily pain (intensity of pain and effect of 
pain on normal work, both inside and outside the home), and (8) general health 
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perceptions (personal evaluations of current health, health outlook and resistance to 
illness). SF-36 scores of our ESRD population were compared with the SF-36 scores of a 
general Dutch population sample (n= 1,063; age range, 18-89 years; 35% male) as 
described by Van de Zee et al.21 SF-36 scores were transformed to a scale of 0-100, a 
higher score indicating a better quality of life state. 

Statistical analysis 
Either t-statistics or chi-square statistics (Fisher's exact test, when appropriate) were 
applied for independent groups comparisons. Differences between the mean SF-36 scores 
of the hemodialysis and peritoneal dialysis patients with those of the reference population 
were converted to mean standard scores. Standard scores were calculated by dividing the 
difference between a given mean SF-36 score of the dialysis group and the mean SF-36 
score in the reference group by the standard deviation of SF-36 scores in the reference 
group. The standard scores indicate how many standard deviations the observed SF-36 
scores of dialysis patients fall below the scores of the reference population (with the 
scores of the reference population set at zero). Univariate relationships between 
demographic, clinical, renal function and dialysis characteristics on the one hand, and SF-
36 scores on the other hand were assessed by Student's t-test, one way ANOVA, or 
Pearson's correlation coefficient. As values of dialysis-related urea clearance are not equal 
by technique origin, univariate relations were assessed for each treatment modality 
separately. All significant characteristics (set at P< 0.20) identified from univariate analysis 
were studied with multiple linear regression (with a stepwise forward selection strategy), 
using the F-statistics with P=0.05 as the criterion level for selection. To search for 
violations of necessary assumptions in multiple regression, normal plots of the residuals 
of the regression models were produced. Furthermore, the influence of outliers (Cook's 
distances) and possible presence of collinearity (Tolerance/Variance Inflation Factor 
statistics) were assessed. All analyses were made with SAS for Windows 6.10 (SAS 
Institute Inc, Cary, NC, USA). 

Results 

Characteristics of participants and nonparticipants 
Two hundred fifty ESRD-patients were available for the study. Of these patients, 226 
(90.4%) completed the SF-36. Twenty-four patients did not complete the SF-36 because 
they did not speak the Dutch language sufficiently and/or were not able to read and fill 
out the questionnaire by themselves. Except for a lower proportion of males and a lower 
hemoglobin level (P<0.05), nonparticipants were comparable to the participants. In the 
participating hemodialysis patients mean age was slightly higher, employment rate was 
lower, prevalence of malignancy was higher, dialysis-related Kt/Vurea was higher, and 
nPCR was lower than in the participating peritoneal dialysis patients (P<0.05; Table 1). 

Comparison of quality of life between the ESRD'patients and a general population sample 
In Table 2, mean SF-36 scores of the ESRD patients according to treatment modality and 
the general population sample are shown. Both hemodialysis and peritoneal dialysis 
patients perceived their quality of life as worse than the general population sample on all 
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Table 1. Dialysis modality in relation to demographic, clinical and dialysis characteristics. 
Hemodialysis Peritoneal dialysis 

(n=120) (n=106) 

Demographic 
Age (yr)*, mean+SD (range) 59.3 ±15.5(1? .-86) 52.3 + 14.0 (20-79) 
Male 57% 65% 
Marriedt 68% 79% 

Employed* 16% 38% 
Educational status* 

Low 64% 52% 
Intermediate & high 36% 48% 

Clinical 
Primary kidney disease 

glomerulonephritis 10% 18% 
interstitial nephritis 18% 13% 
cystic kidney disease 13% 10% 
renal vascular, excluding vasculitis 25% 23% 
diabetes mellitus 13% 15% 
other multisystem diseases 8% 9% 
others/unknown 13% 12% 

Number of comorbid conditions, mean ±SD (range) 2.2 + 1.5 (0-8) 1.9 ± 1 . 4 (0-7) 
Type of comorbidity 

cardiovascular 73% 73% 
malignancy" 10% 3% 
diabetes mellitus 16% 19% 

EPO* 83% 67% 
Hemoglobin (g/dL)", mean+SD (range) 9.9 ± 1 . 4 (5.9-14.0) 11.2 + 1.4(7.6-14.3) 
Serum albumin (g/dL) 3.8 ± 0 . 5 (2.7-4 .6) 3.7 ± 0 . 6 (2.2-5.1) 
Renal function & dialysis adequacy, mean+SD (range) 
Residual GFR (ml/min) 3.1 ± 2.6 (0.0-14.6) 3.3 ± 2.4 (0.0-10.5) 
Dialysis Kt/Vur„* 2.7 ± 0.9 (0.6-5. 5) 1.5 ± 0 . 4 (0.6-2.6) 
nPCR/nPNA (g/kg/day)* 1.0 ± 0 . 3 (0.5-1. 7) 1.3 ± 0 . 4 (0.7-2.4) 

t: patients living together included. *: low: primary school, low level vocational training, low level 
secondary school; intermediate & high: high level secondary school, intermediate and high vocational 
training, university.*: P<0.05, hemodialysis v peritoneal dialysis. 

quality of life dimensions, particularly on the role-functioning physical and general health 

perceptions dimensions. Figure 1 shows the differences between the dialysis patients and 

the reference group expressed in standard scores. Mean role-functioning physical scores 

of the hemodialysis and peritoneal dialysis patients were 1.4 and 1.3 SD below the values 

of the reference group. Mean general health perception scores of hemodialysis and 

peritoneal dialysis patients were 1.3 and 1.2 SD below the values of the reference group. 

In other words, mean role-functioning physical scores of the hemodialysis patients and 

the peritoneal dialysis patients corresponded to the lowest scoring 8% and 10% 
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Table 2. Mean (SD) SF-36 scores for the general popu lation sample, and th e hemodialysis and peritoneal 
dialysis patients. 

Group No. PP.t SF* RP* RE'.t MH'.t VT* BP'.t GH* 

Hemodialysis 120 50.7 63.1 28.6 52.5 63.3 48.9 63.7 43.0 

(30.8) (29.6) (37.2) (45.4) (20.5) (24.0) (27.3) (20.2) 

Peritoneal 106 60.9 68.9 31.7 63.8 72.2 51.6 74.2 46.4 
dialysis (24.7) (25.8) (38.3) (39.8) (16.9) (17.9) (23.2) (20.5) 

General 1,063 82.0 86.9 79.4 84.1 76.8 67.4 79.5 72.7 
population 
sample 

(23.2) (20.5) (35.5) (32.3) (18.4) (19.9) (25.6) (22.7) 

Abbreviations: PF, physical functioning, SF, social functioning, RP, role-functioning physical, RE, role-
functioning emotional, MH, mental health, VT, vitality, BP, bodily pain, GH, general health perceptions. 
' : P<0.05 hemodialysis and peritoneal dialysis patients compared to the reference population. 
t : P<0.05 hemodialysis compared to peritoneal dialysis patients. 

of the reference group, respectively. Similarly, mean general health perceptions scores of 
the hemodialysis and peritoneal dialysis patients corresponded to the lowest scoring 10% 
and 12%, of the reference population, respectively. Hemodialysis patients demonstrated 
an impaired quality of life compared with peritoneal dialysis patients with respect to 
physical functioning, role-functioning emotional, mental health and bodily pain (Table 2). 

Associations between demographic, clinical, renal function, and dialysis characteristics and quality of life 
Univariate associations between SF-36 scores and demographic, clinical, renal function 
and dialysis characteristics are shown in Tables 3 and 4. Of the demographic 
characteristics, higher age and unemployment were associated with lower levels of quality 
of life on most subdimensions. None of the SF-36 scores differed between married and 
unmarried patients. With respect to the clinical characteristics, a lower hemoglobin and an 
increasing number of comorbid conditions correlated with decreasing quality-of-life 
scores. Patients with cardiovascular comorbidity scored lower on physical functioning, 
vitality and general health perceptions than patients without this condition. Diabetes 
mellitus was associated with worse physical functioning. Patients with malignant 
comorbid conditions reported higher levels of pain than patients without malignancy. 
Patients with renal vascular disease or multisystem disease as the primary cause of renal 
failure reported lower levels of social functioning and vitality than patients with other 
underlying causes. Of parameters of renal function and dialysis adequacy, a lower rGFR 
correlated with poorer quality of life on five subdimensions. The nPCR/nPNA only 
correlated with worse physical functioning in peritoneal dialysis patients and with lower 
vitality in hemodialysis patients. N o significant univariate associations were observed 
between dialysis Kt/Vurea and quality-of-life subdimensions. 

After introduction of the most important univariate associations (P<0.20) in 
multivariate regression analysis, many of the observed relationships disappeared (Table 5). 
However, a higher number of comorbid conditions, a lower hemoglobin and a lower 
rGFR remained associated with poorer quality of life scores. With respect to dialysis 
modality, an effect on mental health persisted in favor of peritoneal dialysis. In addition, 
on the multivariate level, higher age and unemployment remained only related to lower 
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Table 3. Mean SF-36 scores I :>y demographic, clinical and dialysis c :haracteristics. 

PF SF RP RE MH VT BP GH 

Sex 
male 61.0 
female 52.9 

Educational level 
low 51.6* 52.7* 64.6* 48.2 43.3 
intermediate/high 61.1 64.9 71.5 52.9 46.4 

Employment status 
Employed 70.2* 74.4* 38.6* 74.6* 73.6* 55.1* 72.5 49.1* 
Unemployed 50.3 62.8 27.0 52.1 65.3 48.4 67.2 43.0 

Primary kidney disease 
Glomerulonephritis 60.3 68.1* 50.0* 
Interstitial nephritis 58.4 59.6 51.3 
Cystic kidney 61.1 73.1 54.4 
Renal vascular 51.6 59.9 43.1 
Diabetes mellitus 44.3 68.8 48.5 
Other multi-system 55.8 57.9 50.6 
O thers / unknown 60.9 77.2 59.7 

Diabetes mellitus 
Yes 40.8* 39.9 
No 58.6 45.6 

Cardiovascular comorbidity 
Yes 52.8* 27.6 55.4 48.0* 42.6* 
No 63.0 36.7 64.4 56.1 50.0 

Malignancy 
Yes 43.3 54.5 55.7* 
No 56.5 66.6 69.5 

EPO 
Yes 53.7 43.5 
No 61.1 47.9 

Dialysis modality 
Hemodialysis 50.7* 63.1 52.5* 63.3* 63.7* 
Peritoneal dialysis 56.5 68.9 63.8 72.2 74.2 

NOTE. Only characteristics significant at the P<0.20 level are shown. See Table 2 for abbreviations. 
*:P<0.05. 

levels of quality of life on two subdimensions. Primary kidney disease showed only an 
association with lower vitality, attributable to patients with renal vascular disease. Finally, 
lower nPCR/nPNA levels were associated with worse quality of life with respect to 
physical functioning and bodily pain. The selected characteristics explained only a small 
proportion of the variability (R2) of the SF-36 scores: 6.9% - 29.7% (Table 5). 

Discuss ion 

New ESRD patients' assessment of quality of life was observed to be lower than that of a 
general population sample on all distinguished quality of life dimensions. Because the 
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Table 4. Pearson's correlation of SF-36 scores with demographic, clinical and dialysis characteristics. 

PF SF RP RE MH VT BP GH 

Total population 

Age -0.44* -0.15* -0.19* -0.22* -0.14* -0.13* -0.12* 

Number of comorbid -0.44* -0.12 -0.17* -0.22* -0.13* -0.19* -0.21* -0.23* 
conditions 

Serum albumin 0.21* 0.12 

Hemoglobin 0.17* 0.18* 0.12 0.15* 0.18* 0.15* 0.14* 

rGFR 0.17* 0.17* 0.22* 0.18* 0.18* 

Hemodialysis 

Dialysis Kt/Vu r„ -0.14 -0.15 
nPCR 0.18 0.18 0.14 0.20* 

Peritoneal dialysis 

Dialysis Kt/V„rea 0.16 
nPNA 0.38* 0.14 0.14 0.19 0.16 

NOTE. Only characteristics significant at the P<0.20 level are shown. See Table 2 for abbreviations. 
*:P<0.05. 

mean age of the reference group (44 years) was lower and because SF-36 scores are 
negatively related with age,21 this might have resulted in a slight overestimation of the 
difference in quality of life. When scores of the ESRD population were compared to 
those of the subgroup of the reference population aged 55-64 years (n=140), scores of 
both hemodialysis and peritoneal dialysis patients were still significantly lower with the 
exception of bodily pain in peritoneal dialysis patients. In agreement with our finding, 
some recent studies25 observed SF-36 scores of ESRD patients to be lower than scores of 
a general population sample. On the contrary, other investigators7"9 have reported a 
comparable quality of life for ESRD patients and general population samples. 

Multivariate analysis showed that a higher number of comorbid conditions, a lower 
hemoglobin level and a lower residual renal function (rGFR) were the most important 
independent explanatory factors for poorer quality of life. The present study is, to our 
knowledge, the first to link residual renal function and amount of dialysis to quality of life. 
The finding that patients with a lower rGFR reported a worse quality of life, while no 
effect of dialysis Kt/Vurca could be demonstrated, might suggest that clearance achieved 
by the native kidneys is superior to clearance obtained by dialysis. This could be caused by 
the fact that more rGFR will be accompanied by better tubular secretion of, for example, 
organic acids and a better preserved hormonal function. In addition, deteriorating residual 
renal function may give rise to a worse perception of quality of life by a growing 
awareness of complete dependence on dialysis. Our finding of a negative influence of a 
higher number of comorbid conditions and a lower level of hemoglobin concentration on 
quality of life is in accordance with former studies.8'10'16-17 

Notably, the total explained variation of quality of life by the selected characteristics 
was small. This suggests that quality of life is determined by many more factors than the 
ones we have assessed in this study. It is reasonable to assume that the patients' level of 
quality of life is a result of a complex interaction of disease outcome, personal traits, 
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coping behavior, social support and quality of the care received. 
Comparison of quality of life between the present dialysis groups indicated peritoneal 

dialysis to be superior only with respect to mental health. However, the explained 
variation by dialysis modality was only 6%. The similarity of both dialysis groups with 
respect to quality of life may be due to the fact that all patients had just started on dialysis 
treatment. It can be postulated that in the early phase, perceived quality of life is more 
affected by the dependence on dialysis treatment than by the modality of treatment. 
Comparison of our results with previous comparisons of quality of life between different 
dialysis modalities, did not yield a conclusive answer. In two large cross-sectional studies, 
no differences in perceived quality of life were detected between hemodialysis and 
peritoneal dialysis, after adjustment for some demographic characteristics, comorbidity 
status and duration of treatment.8'10 Also Tucker et al.14 found no difference in perceived 
quality of life between peritoneal dialysis and hemodialysis patients. Simmons et al.,6 

however, observed peritoneal dialysis patients to report a more favorable outcome than 
hemodialysis patients in terms of physical well-being, emotional adjustment and 
vocational rehabilitation. Additionally, in a comparison of quality of life of peritoneal 
dialysis and hemodialysis patients, matched for age, sex, race, diabetes and duration of 
renal replacement therapy (regardless of modality), peritoneal dialysis appeared to be 
somewhat superior with regard to psychological and social rehabilitation.15 On the other 
hand, Griffin et al.12 observed that hemodialysis patients were not more impaired in terms 
of functional status and showed better psychological adjustment compared with 
peritoneal dialysis patients. However, hemodialysis patients had received dialysis 
treatment for a significantly longer period of time than the peritoneal dialysis patients (52 
months v 29 months), and therefore may have had more time to adjust their lifestyle and 
emotional reactions. 

The inconsistent results in the literature may be explained by cross-sectional samples, 
small sample sizes, and improper adjustment for case mix. Although some of the 
described studies adjusted for demographic variables, comorbidity, and length of dialysis 
therapy, heterogeneity regarding prior history of renal replacement therapy, like therapy 
turnover, has been hardly taken into account. It may be easily understood that a history of 
little or many therapy failures determines one's current assessment of quality of life. 
Moreover, application of different perspectives of quality of life assessed with a variety of 
quality of life instruments, can also explain this inconclusive picture. This is illustrated by 
Deniston et al.,24 who assessed quality of life of a cross-sectional sample of 742 ESRD 
patients from Michigan State with 19 different quality-of-life instruments. Depending on 
the choice of instrument, different conclusions were reached about the relationship 
between demographic characteristics and quality of life. 

In conclusion, the present findings indicate that in new ESRD patients quality of life is 
substantially impaired. Comorbidity, hemoglobin level, and residual renal function could 
explain variations in quality of life only to a limited extent. Therefore, other potential 
determinants of quality of life should be explored. In addition, health indices other than 
the SF-36 should be examined. Perhaps we should focus more on disease-targeted 
indices, such as renal disease and dialysis-related problems as perceived by the patient. 
Furthermore, longitudinal data are needed to obtain insight in the long term effects of 
chronic dialysis treatment on patients' quality of life. We will elaborate on these issues in 
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our future analyses. From a clinical perspective, we conclude that quality of life 
assessment should be considered in the monitoring of a dialyis patient as it seems that 
quality of life can not be extrapolated from conventional clinical characteristics. 
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Abstract 

Background and purpose. So far, little attention has been paid to the value of dialysis 
adequacy for patients' quality of life (QL). Therefore we studied the impact of 
demographic, clinical and dialysis characteristics on physical symptoms and perceived QL. 
Methods: The study population consisted of 120 incident chronic hemodialysis (HD) and 
106 peritoneal dialysis (PD) patients, starting dialysis treatment in 13 Dutch centers. Data 
were collected 3 months after the start of dialysis. Nine physical symptoms were assessed 
with a self-administered questionnaire. Patient's self-assessment of QL was measured with 
the 36-item MOS Short Form (SF-36™). 
Results: The most common symptoms in H D and PD were fatigue (respectively 82 and 
87%) and itching (73% and 68%). In H D only a medium to high comorbidity-age risk 
index was associated with greater symptom burden. In PD also a lower percentage lean 
body mass, a lower rGFR and past episodes of underhydration were associated with 
greater symptom burden. The explained variance by these variables was only 12% in H D 
and 2 1 % in PD. However, greater symptom burden explained a substantial additional 
amount of impaired physical and mental QL on top of demographics and clinical status. 
Dialysis variables were neither associated with symptoms nor with QL. 
Conclusion: Symptom burden can be explained to a limited extent by demographic and 
clinical variables and not by dialysis characteristics. Addition of symptom burden to the 
other variables makes it possible to explain one-third of perceived QL. This underlines 
the importance of symptom reduction in order to improve patient's QL. 
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Introduction 

In recent years evidence has been published indicating that survival of dialysis patients is 
related to the delivered dialysis dose.1"3 However, little attention has been given to other 
patient-relevant outcomes. From the patient's perspective not only survival but also the 
quality of that survival is important. Therefore, the estimation of adequacy of dialysis 
should take functional outcomes into account. 

Results of our previous study4 that addressed the association between dialysis 
adequacy and the perceived level of quality of life (QL), as measured by the MOS Short 
Form-36, did not show an association between dialysis Kt/Vurea and QL. These results 
substantiated the findings of a few other studies.5-6 The main factors associated with poor 
QL were a higher number of comorbid conditions, a lower residual renal function, a 
lower hemoglobin and to a lesser extent renal vascular disease, hemodialysis modality, the 
protein catabolic rate, greater age, and unemployment. However, the explained variance 
of QL by all these characteristics was low, ranging from 7% for general health perceptions 
to 30% for physical functioning.4 A possible explanation could be that the used QL 
instruments in both our and other studies may not have been sensitive enough to detect 
subtle but clinically relevant differences in perceived health status. Measures focusing on 
disease-specific physical symptoms are potentially more sensitive, since they assess health 
outcomes which are more directly related to the underlying disease. 

Commonly mentioned symptoms by dialysis patients are fatigue, pruritus, muscle 
cramps, and nausea. The pathophysiologic mechanisms underlying these symptoms are 
largely unknown. Some symptoms are suspected to result from the accumulation of ureic 
waste products,7 or to arise as side-effects of the dialysis procedure itself, like an osmotic 
disequilibrium syndrome or the ultrafiltration rate.8-9 Symptoms may also originate from 
anaemia10 or the presence of specific comorbid conditions. 

The severity of the patient's symptomatology can also be expected to adversely affect 
aspects of person's perceived QL in terms of physical and psychosocial functioning. At 
present, however, the relationship between symptom level and perceived QL is unclear. 

The objectives of this study were therefore: (i) to assess the prevalence and severity of 
physical symptoms of dialysis patients; (ii) to study the association between demographic 
and clinical characteristics, dialysis adequacy and dialysis technique on the one hand and 
physical symptoms on the other; and (iii) to examine the association between 
symptomatology and the patient's perceived QL. 

Subjects and methods 

Study population 
The study population consisted of incident chronic hemodialysis (HD) and peritoneal 
dialysis (PD) patients starting dialysis treatment between October 1993 and April 1995 in 
13 Dutch dialysis centers. All patients of 18 or more years who never had received any 
form of renal replacement therapy before were eligible for the study. The dialysis 
treatment was prescribed by the individual patient's physician. To avoid disturbance due 
to metabolic instability that can occur during the initial period of dialysis treatment, 
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measurements were performed 3 months after the start of dialysis. The study was 
approved by the Ethical Committees of all participating dialysis centers. 

Demographic, clinical, and dialysis characteristics 

Demographic and clinical characteristics 
Demographic data on age, sex, marital status, educational level, and employment status 
were collected. Clinical characteristics included underlying kidney disease, comorbid 
status, lean body mass, serum albumin, hemoglobin, use of erythropoietin, hydration 
status, residual renal function, and plasma levels of ureic retention products, such as urea, 
creatinine, phosphate, and parathyroid hormone (PTH). 

The underlying kidney disease was classified according to the European Dialysis and 
Transplantation 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.11 The low risk group in this 
classification comprises patients <70 years with no co-morbid illness; the medium risk 
group includes patients between 70 and 80 years of age, or patients < 80 years with one or 
more of the following diseases: angina, previous myocardial infarction, cardiac failure, 
chronic obstructive airways disease, pulmonary fibrosis, or liver diseases (cirrhosis, 
chronic hepatitis), peripheral vascular and cerebrovascular disease, or 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, or 
patients of any age with visceral malignancy. 

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 hemodialysis patients were made after dialysis 
when the patient was at dry weight. Dietary protein intake was assessed as protein 
catabolic rate (PCR)13 in the HD patients and as protein nitrogen appearance in P D 
patients (PNA).14 Both were normalized to actual body weight (nPCR and nPNA). 

Hydration status was estimated in H D patients as (i) systolic and diastolic blood 
pressure pre- and postdialysis, (li) the difference in blood pressure before and after 
dialysis, (iii) interdialytic weight gain (% related to the postdialytic weight of the preceding 
dialysis), and (iv) percentage deviation from target weight (% related to postdialytic 
weight). All these variables were averaged over a 2-week period. In PD, systolic and 
diastolic blood pressure were measured once, mostly at a routine visit in the outpatient 
clinic. At this occasion also the percentage deviation from target weight was estimated. 
Additionally, the presence of clinical-significant episodes of under- and overhydration 
during the previous 2 weeks was assessed among PD patients. 

Residual glomerular filtration rate (rGFR) was calculated as the mean renal clearance 
of urea and creatinine. 

The H D patients collected all urine during an interdialytic interval. Blood samples 
were taken before and after the dialysis preceding the interval and at the end of this 
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interval. The P D patients collected 24-h urine and dialysate. A blood sample was taken 
immediately after the collection period. 

Dialysis adequacy and technique 
Adequacy of dialysis was expressed as weekly total and dialysis K t / V in H D and P D 
patients. In PD patients also the weekly total and dialysis creatinine clearance (CCr) was 
calculated. Hemodialysis Kt/Vu r e a was estimated using a second generation Daugirdas 
formula.13 Peritoneal Kt/Vu r e a and CCr were calculated from a 24 hour dialysate 
collection. Total body water, which equals the urea distribution volume (V), was 
determined by the formulae of Watson et al.15 In H D patients also the urea reduction 
ratio (UKR) was calculated as the percent reduction in the blood urea concentration 
during a single dialysis treatment. The URR was used as a proxy for the osmotic 
disequilibrium syndrome. 

Hemodialysis technique comprised frequency of dialysis treatments per week, total 
weekly dialysis time (hours), dialyser membrane and the ultrafiltration rate. The 
ultrafiltration rate was calculated as the percent reduction in body weight during a single 
dialysis treatment, averaged over a 2-week period. In P D patients the number of dialysate 
exchanges per day, the total instilled daily dialysate volume, and the peritoneal 
ultrafiltration were assessed. Peritoneal ultrafiltration rate was estimated by the difference 
between the total instilled daily dialysate volume and a 24-h dialysate collection and 
normalized to body surface area. 

Physical symptoms 
The prevalence and severity of physical symptoms were assessed with a modified version 
of a self-administered questionnaire, developed by one of us (RTK).16 These symptoms 
were derived from a literature review and from discussions with experienced 
nephrologists. Performance of this questionnaire is satisfactory and the questionnaire is 
well-accepted in the Dutch dialysis community.16'17 The present modified questionnaire 
consisted of 9 physical symptoms related to end-stage renal disease and dialysis, such as 
fatigue, nausea, and itching. The extent of symptom burden during the past 3 weeks was 
scored on a 5-point Likert scale, graded 0 (not at all) to 4 (very much). Symptoms were 
aggregated to a total summary score, ranging from 0 to 36, a higher score indicating a 
higher level of symptom burden. 

Quality of life (QL} 
The patients' perception of their level of QL was assessed with the 36 item MOS-Short 
Form Health Survey Questionnaire (SF-36TM) is 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. Patients are 
asked to rate the effect of their health on their life during the past 4 weeks. Scale scores 
were transformed to a 0-100 scale, a higher score indicating a more favorable QL. 
Subsequently, the scale scores were standardized to the scale scores of a general Dutch 
population sample (n=1697, age range 18-94; male 57%)19 by subtracting the general 
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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.20 The SF-36 has been proven reliable and valid in various 
demographic and patient populations, including end-stage renal disease patients. '8,21-23 

Data analysis 

Differences in demographic and clinical characteristics between H D and P D patients 
were analyzed with Chi-square tests, unpaired Student's t-tests, or, when appropriate, their 
non-parametric equivalents. The prevalence of individual symptoms was estimated by 
classifying a symptom as present when a patient reported to have been bothered by that 
symptom a little bit, moderately, much or very much. Aggregation of the symptoms to a 
total symptom score was based on the assumption of unidimensionality. This assumption 
was checked psychometrically by principal component analysis. This technique permits 
the detection of independent dimensions (factors) in a set of items based on their 
interrelations. This analysis yielded only one factor underlying the experience of 
symptoms. To further investigate and evaluate the unidimensionality of the symptom 
scale, internal consistency analysis was performed. Internal consistency of a scale is 
commonly measured by Cronbach's a, a measure of the weighted average correlation 
among all items in a scale.24 It is generally accepted that Cronbach's a should be in excess 
of 0.70. Cronbach's a of the total symptom score amounted to 0.71 for H D and 0.72 for 
PD patients, lending further support to the unidimensionality of our symptom scale. 
Moreover, from a clinical point of view, unidimensionality was made likely by the fact that 
four experienced nephrologists were not able to separate symptoms into more than one 
symptom category with regard to their origin. 

The identification of independent correlates of physical symptom burden was 
conducted in two stages. Firstly, univariate analysis was performed as a screening 
procedure aimed at selecting the appropriate patient and clinical characteristics and 
dialysis variables in order to enter them into the multivariate analysis. Student's t-tests, 
one way analysis of variance (ANOVA), Pearson's correlation or their nonparametric 
equivalents were applied. Secondly, all variables that were univariately associated with the 
symptom scores (P<0.20) were entered into multiple linear regression (with a forward 
selection strategy, using the F-statistic with P<0.05 on the criterion level of inclusion) to 
identify those variables that were independently associated with the total symptom score. 

To investigate the independent impact of physical symptoms on the patients' 
perceived levels of QL, we also performed a two-stage procedure. Firstly, all significant 
patient, clinical, and dialysis determinants of the eight subscales of the SF-36 as identified 
in our previous study,4 were stepwise forward entered into a linear regression model. 
Next, the total symptom score was added to the model to assess its additional explanatory 
power. 

All analyses were performed for H D and PD patients separately. 
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Results 

Hemodialysis Peritoneal dialysis 
(n=120) (n=106) 

Demographics 
Age" 59 (16) 52(14) 
Male 57% 65% 
Employed" 16% 38% 
Clinical status 
Primary kidney disease 

glomerulonephritis 10% 18% 
renal vascular, excluding vasculitis 25% 23% 
diabetes mellitus 13% 15% 
other 52% 44% 

Medium & high comorbidity-age index 41% 42% 
Percentage lean body mass 73.4 (8.7) 77.1 (7.8) 
nPCR/nPNA (g/kg/day) 1.0 (0.3) 1.1 (0.3) 
Albumin (g/L) 38.0 (4.6) 36.6 (5.8) 
Hemoglobin (g/dL)" 9.9 (1.4) 11.2(1.4) 
Use of erythropoietin " 83% 67% 

Hydration status 

Systolic blood pressure (mmHg) predidysis : 155 (18) 143 (22) 

postdialysis: 140 (17) 
Diastolic blood pressure (mmHg) predialysis : 84 (10) 86(11) 

postdialysis: 79 (9) 
Percent interdialytic weight gain 2.5 (1.4) -
Percent deviation from target weight" 0.1 (0.7) 0.8 (1.5) 
History of clinical underhydration - 3% 

overhydration - 9% 

Renal /unction 

Residual GFR (ml/min/1.73m2) 2.9 (2.5) 3.1 (2.2) 

Uremic waste products 

Plasma urea (mmol/L)" 29.0 (6.1) 23.6 (7.2) 

Plasma creatinine ((imol/L)" 885 (228) 820 (213) 

Plasma phosphate (mmol/L)" 2.0 (0.5) 1.7 (0.4) 
Plasma parathyroid hormone (pmol/L) 19.3 (28.6) 15.8 (20.8) 

": P<0.05, hemodialysis vs. peritoneal dialysis. 

Demographic, clinical, and dialysis characteristics 

Out of 250 patients that were included in the study, 120 H D and 106 PD patients 

completed the QL questionnaires. Reasons for nonresponse and characteristics of 

nonresponders have been described in our previous report.4 The Tables 1 and 2 present 



Chapter 3.3 

Table 2. Dialysis modality in relation to dialysis adequacy and technique (mean (SD) or %). 

Hemodialysis Peritoneal dialysi; 
(n-120) (n=106) ' 

Adequacy 
Weekly Kt/Vurea total 

dialysis 
3.4 (1.0) 
2.7 (0.9) 

2.0 (0.5) 
1.5 (0.4) 

Weeldy Ccr (L/wk/1.73m2) total 
dialysis 

- 83.8 (29.6) 
42.7 (8.9) 

URR 60 (10)% -
Technique 
Dialysis sessions (No/wk)» 1-2 

3-4 
58% 
42% 

~ 

Dialysis time (hrs/wk) 9.2 (2.0) -
Dialyser membrane cellulose 

synthetic 
54% 
46% 

-

HD ultrafiltration rate (%body weight) -2.4 (1.3) -
Peritoneal ultrafiltration (L/day/1.73m2) - 0.83 (0.82) 

Dialysate exchanges (No/day) 3 
4 
5-6 

5% 
93% 
2% 

Total instilled dialysate (L/day) 4- 6 
7-10 

- 26% 
74% 

a:l patient 1 session/wk, 1 patient 4 sessions /wk. 

the demographic and clinical characteristics, as well as the dialysis variables of the H D 
and PD patients. 

Compared to PD patients, H D patients were somewhat older, were less frequently 
employed, had a lower hemoglobin concentration and a higher prevalence of 
erythropoietin use and had a lower percentage deviation from target weight (P<0.05). The 
predialysis plasma levels of urea, creatinine and phosphate in H D patients were higher 
than the mean values in PD patients (P<0.05). 

Symptom prevalence 
In Figure 1 the prevalence of each symptom in the H D and PD group is depicted. The 
two most prominent symptoms in both H D and PD patients were fatigue (82% and 87%, 
respectively) and itching (73% and 68%, respectively). Easy bruising occurred more 
frequendy in the H D (62%) than in the P D group (30%), while more PD than H D 
patients reported a lack of appetite (48% vs 25%) (P<0.01). No difference in total 
symptom score was observed between both dialysis modalities (HD mean (SD), range: 8.9 
(5.5), 1 to 32; PD: 8.3 (5.4), 0 to 29). 
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Table 3. Multiple regression models to explain greater symptom burden in 
hemodialysis and pentoneal dialysis patients.  

Independent determinants Cumulative explained variance 

Hemodialysis 

Medium and high comorbidity-age index 12% 

Peritoneal dialysis 

Lower percentage lean body mass 11% 

Lower rGFR 15% 

Clinical underhydration 18% 

Medium and high comorbidity-age index 21%  

Multiple linear regression analysis with a forward procedure, using the 
F-to-enter statistic with P<0.05 on the criterion level for selection. 

Associations between demographic, clinical and dialysis characteristics and symptom burden 
The characteristics independently associated with the total symptom scores are presented 
in Table 3. In the H D group only a medium to high comorbidity-age index was 
significantly associated with a higher level of physical symptom burden. Among PD 
patients, a lower percentage of lean body mass appeared to be the most important 
correlate of greater symptom burden, followed by a lower rGFR, a history of episodes of 
clinical underhydration and a medium to high comorbidity-age index. The explained 
variance of the total symptom score by these characteristics, however, was only 12% in 
H D and 2 1 % in PD patients. In both patient groups we could not demonstrate an 
independent effect of demographic and dialysis characteristics on the level of 
symptomatology. 

Association between symptomatology and'patient'sperceivedQL. 
Both H D and P D patients reported significantly lower physical and mental component 
summary QL scores than the general population sample (P<0.05). Physical QL scores of 
our H D and PD patients were 1.2 standard deviations (range -3.3 to 1.1) and 1.0 standard 
deviation (range -2.8 to 1.0) below the value of a general population sample. These values 
correspond to the lowest scoring 12% and 16% of this reference population, respectively. 
Regarding mental QL, H D and PD patients were less, though still significantly impaired 
compared to the general population sample (HD, mean standard score, range: -0.7, -3.6 
to 1.9, PD: -0.4, -3.0 to 1.4). Or in other words, mean mental QL scores of the H D and 
PD group corresponded to the lowest scoring 24% and 34% of the reference group, 
respectively. 

H D patients demonstrated lower physical and mental QL scores than PD patients 
(P<0.05). However, after adjustment for differences in demographic, clinical and dialysis 
characteristics these differences disappeared. 

In Tables 4 and 5 the results of the multivariate analysis to assess the additional 
impact of symptoms on QL superimposed on the demographic, clinical and dialysis 
variables are summarized. Greater symptom burden explained an additional amount of 
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Table 4. Multiple regression models to explain poorer physical summary QL 
scores (PCS) in hemodialysis and peritoneal dialysis patients.  

Independent determinants» Cumulative explained variance 

Hemodialysis 

Medium and high comorbidity-age index 17% 

Older age 22% 

Greater symptom burden 39% 

Peritoneal dialysis 

Lower nPNA 8% 

Medium and high comorbidity-age index 11% 

Greater symptom burden 33%  

Multiple linear regression analysis with a forward procedure, using the F-to-enter 
statistic with P<0.05 on the criterion level for selection. 
": All significant demographic, clinical and dialysis characteristics as identified in previous 
analysis4 were entered into the model (see also Subjects and methods section). 

Table 5. Multiple regression models to explain poorer mental summary QL 
scores (MCS) in hemodialysis and peritoneal dialysis patients.  

Independent determinants' Cumulative explained variance 

Hemodialysis 

Lower hemoglobin 8% 

Renal vascular disease 11% 

Lower rGFR 14% 

Greater symptom burden 37% 

Peritoneal dialysis 

Lower rGFR 9% 

Unemployed 12% 

Greater symptom burden 17%  

Multiple linear regression analysis with a forward procedure, using the F-to-enter 
statistic with P<0.05 on the criterion level for selection. 
a: All significant demographic, clinical and dialysis characteristics as identified in previous 
analysis4 were entered into the model (see also Subjects and methods section). 

decreasing physical QL in H D (17%) and PD (22%) and decreasing mental QL in H D 

(23%) and PD (5%). The collectively explained variance of QL by the demographic and 

clinical variables ranged from 11 to 22%. In HD a medium to high comorbidity-age index 

and older age were associated with impaired physical QL. Among PD patients a lower 

nPNA and a medium to high comorbidity-age index had an independent effect on 

impaired physical QL. A lower rGFR appeared to be associated with poorer mental QL in 

both H D and P D patients. In H D patients also a lower level of hemoglobin and the 
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presence of renal vascular disease as cause for end-stage renal disease were independent 
explanatory factors of poorer mental QL. In P D patients besides a lower rGFR, 
unemployment was associated with impaired mental QL. Dialysis dose and other H D and 
PD technique variables were not associated with QL. 

Discussion 

Fatigue and itching were the most important physical symptoms in our dialysis patients. 
This has also been found by others.22.25-26 The total symptom burden did not differ 
between H D and PD patients, but some differences in symptom pattern were 
demonstrated. H D patients reported to suffer more from easy bruising, which can be 
attributed to the use of heparin in HD. PD patients were more troubled by lack of 
appetite, which may be due to the presence of the dialysate load in the peritoneal cavity. 

In contrast to our expectation, we could not demonstrate a substantial impact of 
demographic, clinical and dialysis-related variables on symptom burden. The combined 
comorbidity-age index was the only explanatory factor of symptom burden in H D 
patients. In P D the percentage lean body mass turned out to be the most important 
factor. Probably these two both represent the severity of the disease. Also Barrett et al.25 

failed to show a clinically meaningful association between various demographic, clinical 
and laboratory variables and symptoms. In the latter study however, dialysis adequacy and 
technique variables were not considered. In agreement with the present study, Blake et 
al.27 did not observe an association between K t / V and symptomatology in CAPD 
patients. 

In our study we estimated symptom burden with a Likert summation scale, which is 
in agreement with recently constructed symptom scales of kidney disease-specific QL 
instruments, such as the Kidney Disease Quality of Life Instrument (KDQOL) 2 2 and the 
Kidney Disease Questionnaire (KDQ)28 . The Likert summation scores are based on the 
assumption of unidimensionality (the legitimacy of this assumption was supported 
psychometrically and clinically, see Subjects and methods section, Data-analysis). An 
advantage of combining individual symptom scores, is that random error that occurs with 
respect to individual symptoms is averaged out. 

A disadvantage of summation is that one is not able to distinguish between the 
number of symptoms and the degree of symptom burden. For example, a patient who 
reports to have been bothered by 4 symptoms to a moderate extent (score=2), obtains the 
same total symptom score of 8 as a patient who reports to have been bothered very much 
by two symptoms (score=4). Moreover, the frequency of occurrence of a symptom may 
also influence the perceived burden: e.g. if a symptom occurred every day to a little extent, 
the perceived symptom burden may be the same as when the same symptom occurred 
once a week to a moderate extent. 

The various ways the same total symptom score can be arrived at, may partly have 
attributed to the absence of meaningful associations between the selected demographic, 
clinical and dialysis-related variables and the symptoms studied. Therefore, future 
measures of total symptom burden should consider both the number of symptoms and 
the degree of burden of each individual symptom as well as its frequency of occurrence. 

Apart from clinimetric issues, the fluctuai nature of the symptoms themselves may 
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also have obscured meaningful associations. This phenomenon is illustrated in the study 
of Parfrey et al.29 who reported low intraobserver reliability for tiredness, cramps and 
pruritus, assessed with a 1-week interval. The fluctuai nature may especially create a 
problem if present symptom intensity overshadows prior experience in the reporting of 
symptoms during the past few weeks, as has been found in retrospective evaluation of 
pain.30 To provide less opportunity for recall bias, diary assessment of symptom levels 
during a 'normal' dialysis week may be an alternative. 

In addition, in H D patients, not only symptom fluctuations but also the 'saw-toothed' 
shaped swings in blood levels of metabolic waste products during a dialysis week may 
have obscured physiology-symptom associations: plasma levels of urea, creatinine, 
phosphate and parathyroid hormone were measured once in predialysis blood samples on 
a dialysis day, whereas symptoms were assessed during the previous three weeks. On the 
other hand, however, the absence of significant associations in PD, where blood levels of 
metabolic waste products are relatively stable, renders this explanation less plausible. 

In our previous study,4 we could demonstrate only a limited impact of demographic 
and clinical characteristics on QL. This finding was recently substantiated in a multicenter 
Israeli study of dialysis patients.31 Moreover, dose of delivered dialysis (Kt/VurCa) was not 
related to QL.4 Interestingly, a minimal impact of demographic and clinical variables on 
QL is not specific to the end-stage renal disease setting but has also been observed in 
patients with other chronic conditions. For example, in chronic obstructive pulmonary 
disease,32 stroke,33 multiple sclerosis,34 and heart disease,35 demographic and clinical 
variables only had a weak association with QL. In our present study, we found that in 
general a higher symptom burden had a substantial additional effect on QL impairment. 
Regarding physical QL, greater symptom burden raised the explained variance from 22% 
to 39% in H D and from 1 1 % to 33 % in PD. In the case of mental QL, explained 
variance was enhanced from 14% to 37% in HD. The only exception was mental QL of 
PD patients, where we could demonstrate only a relatively small additional impact of 
symptom burden of 5%. 

In view of our findings, it can be concluded that the symptom burden in dialysis 
patients can be explained to a limited extent by demographic and clinical variables and not 
by dialysis variables. Including the symptom burden to the other variables makes it 
possible to explain one third of the perceived QL. These findings underline the 
importance of symptom reduction in order to improve patient's QL. 
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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 . 



Cardiovascular and non-cardiovascular survival 97 

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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Abstract 

Background and purpose: Information on the longitudinal quality of life (QL) of patients 
treated by different dialysis modalities is lacking. Therefore, we performed a prospective 
cohort study on the QL over time in hemo (HD)- and peritoneal dialysis (PD) patients. 
Methods: New chronic dialysis patients of 13 Dutch dialysis centers were consecutively 
included. Patients' self-assessment of QL was measured with the SF-36 at three, six, 12, 
and 18 months after the start of dialysis treatment. 
Results: Out of 230 patients who completed the QL questionnaire at least once, 139 
patients stayed on their initial dialysis modality, 26 patients switched dialysis modality, 35 
patients were transplanted, 28 patients died and two patients had recovery of renal 
function. QL of patients who died during the study period was considerably worse at 
baseline and worsened at a faster rate than in the other patient groups. In patients who 
stayed on their initial dialysis modality, physical QL decreased over time, while mental QL 
tended to remain stable. After adjustment for the initial value of QL and comorbidity, a 
consistently favorable effect of H D on physical QL over time was found compared to 
PD, while mental QL remained similar. Parameters of adequacy of dialysis were not 
associated with QL over time. 
Conclusion: This prospective cohort study shows that physical QL over time in H D 
patients is better than in P D patients. 
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Introduction 

Studies on the outcome of dialysis over time have mainly focussed on mortality. These 
studies suggest younger patients, those with less comorbidity,1-5 a better nutritional status, 
and a greater small solute removal3.4.6 tend to live longer. Results on which dialysis 
modality provides the highest survival rate are conflicting.7.8 

Currently, there is general consensus that in addition to survival, the quality of the 
remaining life is a highly relevant patient outcome in the evaluation of treatment. 
According to The World Health Organization health can be defined as 'a state of 
complete physical, psychological and social well-being and not merely the absence of 
disease or infirmity'.9 Consistent with this definition a comprehensive assessment of 
quality of life (QL) should cover at least the patient's functioning and well-being in the 
physical, psychological and social domains. 

With a few exceptions,10"14 information from the literature on QL of dialysis patients 
is derived from cross-sectional studies. These few longitudinal studies only examined 
hemodialysis patients10.12 or compared QL before and after kidney transplantation.11.13.14 

Moreover, interpretation of these studies is limited due to small sample sizes, and no or 
insufficient adjustment for casemix. Consequently, no information is available on the 
long-term QL of patients treated by different dialysis modalities. 

Against this background, the objective of our multicenter study was to assess QL of a 
cohort of new chronic hemo- (HD) and peritoneal dialysis (PD) patients at three, six, 12 
and 18 months after the start of dialysis with an established QL tool. 

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. From 13 Dutch dialysis centers we 
included consecutive patients who started dialysis between October 1, 1993 and April 
1,1995 after their informed consent was obtained. These patients were participating in the 
Netherlands Cooperative Study on the Adequacy of Dialysis, phase 1 (NECOSAD-1). 
Dialysis treatment was prescribed by the individual patient's physician. 

Data collection 

At baseline, i.e. three months after the start of dialysis, information was collected on 
demography, underlying kidney disease, comorbid status, nutritional status, hemoglobin, 
use of erythropoietin (EPO), residual renal function, and dialysis adequacy. QL was 
assessed at baseline and at six, 12, and 18 months after the initiation of chronic dialysis 
treatment. 

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 
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advanced age. This classification has been described by Khan et al.2 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, and 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 
of any age with visceral malignancy. In addition, patients were classified according to the 
presence or absence of diabetes mellitus and cardiovascular conditions (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 dialysis when the patient was at dry weight. The dietary 
protein intake was assessed as protein catabolic rate (PCR) (in HD: PCR 
(g/24hr)=9.35*urea generation rate (mg/min)+ 0.294*urea distribution volume (L),15 in 
PD: PCR (g/24hr) = 19 + 0.2134*urea appearance (mmol/24hr)16) normalized to actual 
body weight (nPCR). The urea distribution volume (V) was determined by the formulae 
of Watson et al.17 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.,18 but without the use of subjective global assessment. 
A score of 11 or higher was defined as severe malnutrition. 

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

Total removal of waste products (renal and dialysis) was measured as clearance 
estimated by total weekly Kt/Vurea and total weekly urea appearance in H D and P D 
patients. In PD patients also the total weekly creatinine clearance and total weekly 
creatinine appearance were calculated. Hemodialysis K t / V r was estimated using a 
second generation Daugirdas formula.19 Peritoneal Kt/Vu r e a and creatinine clearance were 
calculated from a 24 hour dialysate collection. 

The H D patients collected all urine during an interdialytic interval. Blood samples 
were taken before and after the dialysis session preceding the interval and at the end of 
this interval. The PD 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 M).20 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 
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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%).21 

Finally, the physical and mental components of the eight scales were combined into a 
physical (PCS) and mental (MCS) component summary score.22 The PCS primarily 
reflects the dimensions physical functioning, role limitations caused by physical health 
problems, pain, and general health perceptions. The MCS reflects primarily mental health, 
role limitations caused by emotional problems, social functioning, and vitality. A linear T-
score transformation was used so that both PCS and MCS had a mean of 50 and a 
standard deviation of 10 in the general population sample. The reliability and validity of 
the SF-36 has been extensively supported in various demographic and patient 
populations, including ESRD patients.20'23"25 In our population internal consistency 
coefficients (Chronbach's alphas) of the SF-36 scales ranged between 0.73 and 0.93. 

Data analysis 
Patients were classified in the following categories: (1) patients who started and stayed on 
H D throughout follow up, (2) patients who started and stayed on P D throughout follow 
up, (3) patients who switched from dialysis modality one time or more, (4) patients who 
were transplanted, and (5) patients who died. Patients who switched from dialysis 
modality and died later on were classified as deceased (N=5); patients who switched from 
dialysis modality and were transplanted later on were classified as transplanted (N=l) . 

Differences in baseline characteristics between groups were analyzed with one way 
analysis of variance in case of continuous variables and with Chi-square tests for 
categorical variables. 

Repeated measures analysis of variance was used to establish changes in QL over 
time (time effect), differences in QL between treatment groups (treatment effect), and 
interaction between changes in QL by time and treatment group (time by treatment 
effect). To take possible QL differences into account that may have selected for the 
choice of dialysis modality, the baseline QL was included as a covariate. In addition, the 
results were adjusted for possible confounding effects of age, gender, clinical 
characteristics, nutritional status and adequacy of dialysis. All factors that were 
univariately associated with a P-value <0.20 were taken into account as covariates in the 
analysis of variance. As parameters of dialysis dose are not equally calculated for H D and 
PD patients, these variables were analyzed separately for H D and P D patients. Based on 
these models, mean effects with their 95% confidence intervals (95%CI) were calculated. 

To study the influence of selective drop-out, the repeated measures analysis of 
variance was repeated on an intention-to-treat basis , i.e. according to the initial dialysis 
modality irrespective of modality switches, transplantation, and dying during follow up. 

The descriptive analyses were carried out using SPSS for Windows 8.0 software (SPSS 
Inc., Chicago, IL, USA). The repeated measures analysis of variance was performed with 
the Mixed procedure of SAS for Windows 6.12 statistical software (SAS Institute Inc., 
Cary, NC, USA). The Mixed procedure fits mixed linear models, i.e. models with both 
fixed and random effects. A mixed model is a generalization of the standard linear model, 
the generalization being that you can analyze data with several sources of variation in 
stead of just one. 
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Results 

Baseline characteristics of patients 

Out of 250 included patients, 230 patients (121 HD, 109 PD) completed the QL 
questionnaire at least once. Reasons for non-response and characteristics of non-
responders have been described before.26 Two patients whose renal function recovered 
were excluded from the present analysis. From the remaining 228 patients (119 H D , 109 
PD) 139 patients stayed on their initial dialysis modality (84 H D , 55 PD), 26 (5 H D , 21 
PD) patients switched dialysis modality, 35 (15 H D , 20 PD) patients were transplanted 
and 28 (15 H D , 13 PD) patients died during the 15 months of follow up. Reasons for a 
switch from P D to H D were mainly peritonitis ( N = l l ) , catheter problems (N=2), other 
medical reasons (N=5), a combination of anorexia and behavioral problems (N=l ) , low 
IQ (N=l) and the patient's own choice (N=l) . The five H D patients switched to PD 
because of shunt problems (N=3,), inability to endure the H D procedure (N=l ) , and the 
patient's own choice (N=l) . 

Baseline characteristics of these patients are presented in Table 1. The Table shows 
that the transplanted patients were younger and less ill, while the deceased patients were 
older and most severely ill. Significant differences were found between the five groups 
with respect to age, Khan's comorbidity-age index, cardiovascular comorbidity, diabetes 
mellitus, body mass index, albumin, hemoglobin, use of E P O and the renal creatinine 
appearance rate (all P<0.05). 

Baseline physical and mental QL of all patient groups were significantly lower than 
the corresponding values of an age-matched general population sample. QL of stay-on-
PD and transplanted patients were more or less similar followed by, in rank order of 
decreasing QL, stay-on-HD, dialysis switchers and deceased patients. Only the differences 
in physical QL between stay-on-PD and transplanted patients on the one side and 
deceased patients on the other side were significant (P=0.001). 

Quality of life over time 

In Figure 1 physical and mental QL during follow up are displayed for all patients 
according to their stay on mode of renal replacement therapy. Because follow up was 
discontinued after transplantation, no QL assessment can be given at 18 months in the 
subgroup of patients who were transplanted during the study period. 

Physical QL of patients who died during the study period was considerably worse at 
baseline and worsened at a faster rate before dying than in the other patient groups. 
Transplanted patients started off at the same level as stay-on-PD patients, but improved 
with time, while the stay-on-PD patients worsened with time. Physical QL of patients 
who changed their initial dialysis modality was similar to QL of stay-on-HD patients 
during the first year of dialysis treatment but decreased faster afterwards (Figure 1). 

The initial value of mental QL in the patients who died before the end of the study 
period was considerably lower than the stay-on-dialysis and transplanted patients and 
deteriorated rapidly with time. Patients who switched from dialysis modality also reported 
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Figure 1. Change over time in physical and mental summary quality of life (QL) according to the stay on 
mode of renal replacement therapy (means + standard errors). QL values are normalized to a general 
population mean of 50 and a standard deviation of 10 (i.e. a T-score metric, see also Patients and Methods 
section). 

a lower mental QL at baseline but showed an inconsistent pattern of change during 
follow-up. Mental QL over time of patients who were transplanted during the study 
period was similar to the stay-on-PD patients. Mental QL scores of both stay-on-dialysis 
and transplanted patients were more close to the general population norm than their 
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physical QL scores. 

Statistical analysis of QL over time was restricted to the stay-on-HD and PD patients 
due to the small number of patients and the high drop out rate in the other categories. 

Physical QL over time: stay-on-HD versus stay-on-PD patients 
Overall, a statistically significant decline in physical QL over time was observed: 18 vs. 3 
months -1.9 points, 95%CI: -3.3 to -0.5, P=0.02 (Figure 1). This decline tended to be 
more pronounced in PD compared to H D patients (time-treatment interaction effect, 
P=0.06). When a correction was applied for differences in baseline physical QL, a 
significant treatment effect was found: Patients on H D did better compared to PD with a 
mean difference over time of 2.3 points (95%CI: 0.3 to 4.3, P=0.03). This adjustment for 
the baseline QL value did not change the time effect while the borderline significant time-
treatment interaction effect disappeared. These effects remained stable after additional 
correction for other baseline characteristics that were univariately related (P<0.20) to 
physical QL over time (age, comorbidity-age index, diabetes mellitus, hemoglobin, and 
albumin) (Figure 2). Only the comorbidity-age index contributed significantly to this 
model: patients with a medium or high comorbidity-age-index were consistently more 
impaired compared to patients with a low comorbidity-age-index (mean difference over 
time -2.7 points; 95%CI: -4.7 to -0.6, P=0.01). 

Analysis of the four individual scales that compose the physical QL summary score 
indicated that the time effect was concentrated in the physical functioning scale (18 vs. 6 
months: -6.7 points, 95%CI: -10.2 to -3.2, P=0.001) and somewhat less in the general 
health perceptions scale (18 vs. 6 months: -4.9 points, 95%CI: -8.2 to -1.5, P=0.02), while 
the treatment effect was concentrated in the bodily pain dimension (PD vs. HD: -7.8 
points, 95%CI: -14.9 to -0.7, P=0.03). N o time-treatment interaction effects were 
observed for the individual subdimensions. (For further details of the individual SF-36 
scales over time, see Table 2). 

Mental\QL over time: stay-on-HD versus stay-on-PD patients 
N o overall significant decline in mental QL over time could be demonstrated, although 
there appeared to be a slight decline in P D towards the end of follow-up (Figure 1). There 
was no significant difference in mental QL between H D and PD, and this result did not 
change after correction for baseline mental QL. Additional correction for other baseline 
characteristics that were univariately related (P<0.20) to mental QL over time 
(comorbidity-age index, cardiovascular comorbidity, residual GFR, renal urea appearance, 
renal creatinine appearance, and the renal Kt/VUrea) did not change these results either 
(Figure 2). Only cardiovascular comorbidity contributed significantly to this model. 
Patients with cardiovascular comorbidity had lower mental QL (mean difference over 
time -3.0 points; 95%CI: -5.7 to -0.3, P=0.03). 

Though no time effect was observed in the mental QL summary score, inspection of 
the composing scales revealed a significant time effect in the social functioning and 
vitality scale. Both QL subdimensions showed a deterioration with time (social 
functioning 18 vs. 6 months, -5.2 points, 95%CI:-9.3 to -1.1, P=0.047; vitality -4.3 points, 
95%CI: -7.5 to -1.2, P=0.03) (Table 2). Neither a treatment nor a treatment-time 
interaction effect was observed in any of the mental subdimensions. (For further details 
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Figure 2. Change over time in physical and mental summary quality of life (QL) of the stay-on-HD and 
the stay-on-PD patients adjusted for the baseline value of QL and comorbid status (means + standard 
errors). 

of the individual SF-36 scales over time, see Table 2). 

Intention-to-treat analysis 
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Additionally, we assessed the change over time in physical and mental summary QL with 
an intention-to-treat approach. Regarding physical QL, a significant decline in course of 
time was observed (18 vs. 3 months, -2.0, 95%CI:-3.2 to-0.8, P<0.01). N o statistically 
significant treatment effect nor a different change pattern over time was observed 
between H D and PD patients. After adjustment for baseline differences in physical QL 
and comorbid status (comorbidity-age index) physical QL of H D patients was still 
favorable to that of P D patients (HD vs. PD, 1.6, 95%CI: 0.04 to 3.2, P=0.04), while the 
time effect remained unchanged (18 vs. 6 months, -2.0, 95%CI: -3.2 to -0.8, P<0.01) 
(Figure 3). 

N o change over time in mental summary QL was observed for both treatment 
groups. H D patients reported a consistently lower mental QL at all time points compared 
to PD patients (HD vs. PD -2.6, 95%CI -5.0 to -0.2, P=0.03). However, after correction 
for baseline differences in mental summary QL and cardiovascular comorbidity this 
treatment effect disappeared (Figure 3). 

Discussion 

The present study explored the relation between dialysis modality and physical and mental 
QL during the first 18 months of renal replacement therapy. In line with findings in other 
dialysis patients,6-27 mental QL appeared closer to normal than physical QL. In patients 
who stayed on their initial dialysis modality, physical QL decreased over time, while 
mental QL tended to remain stable. After adjustment for the initial value of QL, there 
appeared to be a consistently favorable effect of H D on physical QL over time compared 
to PD, while mental QL remained similar. Correction for other significant baseline 
characteristics did not change the observed time and treatment effects. It implies that a 
HD patient will rate his/her physical QL more favorable during the first 18 months of 
dialysis compared to a PD patient with a similar clinical status and physical QL at the start 
of dialysis treatment. 

As we were especially interested in the mid-term effects of H D and P D on QL, we 
initially studied only those patients who stayed on their initial dialysis modality throughout 
the study period. This may have slightly biased the estimated effects as only therapy 
survivors were analyzed. However, when we repeated the analysis for any patient who 
started chronic H D or PD irrespective of stay on that modality (i.e. intention-to-treat 
analysis) virtually similar time, treatment and treatment-time interaction effects were 
observed for both physical and mental QL. 

Analysis of the scales that primarily compose the physical summary QL score 
indicated that the time effect was concentrated in the physical functioning (limitations in 
physical activities) and somewhat less in the general health perceptions dimension 
(personal evaluations of health), while the treatment effect was concentrated in the bodily 
pain dimension (intensity of pain and effect of pain on normal activities). The permanent 
physical burden of PD compared to the intermittent character of H D and peritonitis may 
be alternate explanations for the higher pain perception of PD patients. A potential 
superiority of H D regarding dialysis adequacy was not supported by the present adequacy 
parameters studied: both in H D and in PD none of the estimates of the adequacy of 
dialysis was associated with physical QL. 
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Figure 3 Change over time in physical and mental summary quality of life (QL) according to the initial 
dialysis modality (i.e. intention-to-treat analysis) adjusted for the baseline value of QL and comorbid status 
(means + standard errors). 

No change over time was observed for mental summary QL. Inspection of the 
individual subscales that predominantly reflect mental QL showed a significant decline 
with time for social functioning and vitality. This discrepancy between individual subscale 
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scores and the calculated summary score might be a consequence of the assumptions and 
methods used to calculate these summary scores.28 Thus, while the use of summary scores 
has the advantage to reduce the number of statistical comparisons and thereby the role of 
chance in testing hypotheses, relevant subscale-time or -treatment interactions may be 
missed. Therefore, we suggest not only to focus on summary QL but also to inspect 
individual subscales, keeping in mind the statistical problem of multiple comparisons.29-30 

What is the clinical meaning of the observed differences in QL in the present study? 
Comparison of the present results with differences in QL observed in other (dialysis) 
populations or comparison with differences seen with therapy of proven benefit, such as 
EPO, may help interpretation. For example: The difference of 2.3 points in physical 
summary QL between our H D and PD patients is about half the difference in physical 
summary QL observed between cancer patients and the general population of the United 
States.22 The difference of 7.8 points in bodily pain between our H D and PD patients is 
similar to the difference in bodily pain observed in Type II diabetes patients compared 
with general population norms.2 0The deterioration in physical functioning of 6.7 points in 
our population is about twice the magnitude of change in physical functioning observed 
in a before-and-after E P O study among H D patients.27 In the latter study a change of 
approximately nine points in vitality and eight points in social functioning was seen, 
compared to a decrement of about four points in vitality and five points in social 
functioning in our population during follow up. 

In our study we also examined the effect of baseline patient characteristics and 
adequacy of dialysis on QL over time. Comorbidity was the only variable associated with 
QL over time. A higher comorbidity-age-index according to Khan et al.2 correlated with a 
more impaired physical QL over time. Recently, it has been demonstrated that this index 
provided the greatest discrimination between patient groups at risk for mortality when 
compared to an index that combined the effect of age and diabetes or an index based on 
the number of comorbid conditions.1 The present study shows that this Khan 
comorbidity-age index is also valuable to identify patients at risk for poor physical QL 
over time. Mental QL was associated with the presence of cardiovascular comorbidity but 
not with the Khan-index . 

None of the present parameters of adequacy of dialysis was associated with QL over 
time. This supports the absence of an association of adequacy of dialysis with QL that we 
observed in our previous report.26 Also DeOreo et al.6 did not find an association 
between Kt/Vu r e a and physical QL in a sample of approximately 1000 prevalent patients, 
while a statistically significant though very small association between Kt/VUrea and mental 
summary QL was seen: Kt/Vu r e a explained 0.5% of the observed variation in mental 
summary QL. The fact that in clinical practice the dose of dialysis is often tuned on 
patient reports of physical well-being may have obscured a potential relationship. On the 
other hand, the fact that only baseline values of adequacy of dialysis were considered or 
lack of statistical power may also have influenced these results. 

Our results demonstrated that physical and mental QL of the deceased patients at the 
time of start of dialysis was already considerably worse than that of the other patient 
groups and deteriorated more rapidly during time. This finding is in line with the results 
of DeOreo et al.,6 who reported that the predictive power of self-reported functional 
status data for mortality is similar to parameters of dialysis and nutritional adequacy. Both 
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studies, therefore, make it likely that the SF-36 is a useful screening tool to identify 

patients at high risk for dying. 

Our study presents evidence that physical QL deteriorates during the first 18 months 

both in H D and P D and that physical QL of P D patients compares unfavorably to H D 

patients throughout time. Mental QL remained stable over time and did not differ 

between both dialysis modes. However, before final conclusions can be drawn, these 

results will have to be confirmed in a randomized clinical trial. As yet, we conclude from 

this prospective cohort study that physical QL over time in H D patients is better than in 

PD patients. 
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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 



Poor outcome: survival and quality of survival combined 131 

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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Various patient outcomes of chronic dialysis treatment and their explanatory and 
prognostic determinants were studied in the context of the present thesis. In particular, 
quality of life (QL) outcomes were investigated. The results of the studies presented and 
their implications for clinical practice and future research will be discussed in this chapter. 

7.1 Hemodialysis versus peritoneal dialysis: patient outcomes 

We could neither demonstrate an effect of dialysis modality on the patient survival nor on 
the overall poor outcome (12 months after the start of dialysis), but some influence of the 
mode of dialysis was suggested when focussing on QL. With regard to the short-term QL 
(3 months after the start of dialysis), we observed a statistically significant, albeit small, 
unfavorable effect of hemodialysis (HD) on mental health, whereas no differences were 
observed regarding the physical and social QL domains. Whether this difference truly 
reflects the modality or the patient selection, cannot be determined from this cross-
sectional analysis. In contrast, when assessing the course of the patients' mid-term QL (18 
months after the start of dialysis), we could demonstrate a consistently favorable effect of 
H D on physical summary QL over time, but this only after correction for baseline level of 
QL and for the presence of comorbidity. Inspection of the physical subdimensions 
indicated that this beneficial treatment effect was concentrated in the bodily pain 
dimension. The permanent physical burden of peritoneal dialysis (PD) compared to the 
intermittent character of H D , and the occurrence of peritonitis in P D patients may 
explain this positive treatment effect of HD. Mental summary QL of H D and P D patients 
was similar throughout time. We believe that a selective dropout has not seriously biased 
the results, because virtually similar results were obtained for H D and P D when the 
analysis was repeated with an intention-to-treat approach. Therefore, we conclude that 
new patients with chronic H D and P D patients have the same risks of death and overall 
poor outcome, but the course in mid-term physical QL of PD patients is worse than that 
of H D patients. 

7.2 Determinants of patient outcomes 

The results of our studies stress the complexity to assess the association between clinical 
variables and dialysis characteristics on the one hand and patient outcomes on the other. 
Inherent to ESRD and dialysis, clinical characteristics such as laboratory tests, blood 
pressure and hydration status fluctuate over time, whereas parameters of adequate dialysis 
are regularly adjusted. This complicates the assessment of the patient's 'true' value of the 
parameters involved. Since we wanted to provide the clinician with clear clues about the 
prognosis of patients on dialysis at a well-defined point in time, we opted for baseline 
values of the selected determinants and not for time-dependent values. The identified 
associations between clinical and dialysis adequacy determinants and patient outcomes, in 
terms of short- and mid-term QL, mortality and overall poor outcome are summarized in 
Table 1. 

Comorbidity 

Comorbidity was by far the most important factor, that affected the outcome. The 
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importance of comorbidity is not a unique finding, but is generally found in ESRD 
patients1"5 and other patients with chronic diseases.68 In H D patients, comorbidity 
increased the risk of cardiovascular death about nine times and the risk of non-
cardiovascular death five times compared to patients without comorbid diseases. 
Surprisingly, comorbidity was not associated with death risk in P D patients, although the 
frequency of comorbid conditions did not differ. The fact that 64% of the patients were 
selected for H D for medical indications compared to 19% in PD may indicate that the 
severity of comorbid conditions in P D was less than in HD. The presence of coexistent 
conditions also substantially raised the risk of an overall poor outcome at one-year follow-
up. With respect to both short-term and mid-term QL, patients with an intermediate and 
severe comorbid status showed consistently lower levels of physical and mental QL than 
patients without comorbid conditions. 

Contrary to our expectation, we could not demonstrate an independent impact of the 
presence of diabetes on patient outcome. In a recent study from the UK5 the authors also 
did not find that diabetes was an independent predictor of survival. Since the size and 
direction of the influence of diabetes on patient outcomes were in accordance with 
general findings,9"12 a significant effect may appear with a longer follow-up time or with 
larger patient groups. Indeed, the proportion of diabetes mellitus in our cohort was 18%, 
which is relatively low compared to the 38% prevalence in incident US patients in 1994,13 

but compares well with the 20% reported in the UK study.5 

Based on the results, we conclude that comparisons of patient outcomes between 
different patient or treatment groups, which do not adequately adjust for comorbidity, can 
neither be directly interpreted, nor generalized. 

Comparison of the comorbid status between our patients and other international 
dialysis populations turned out to be hardly possible since different definitions of 
comorbidity have been used. This emphasizes the need for standardization of the 
assessment of comorbid conditions. Such an index should not only count the number of 
comorbid conditions, but should also weigh the severity of the diseases.5 Unfortunately, 
the assessment of severity of (comorbid) disease is still not well established. We showed 
that Khan's comorbidity-age index gave a good discrimination of patient outcomes. The 
index is easy to score, whereas the scoring system implicitly weighs for severity of disease 
by considering the type of comorbidity and the interaction with advanced age. A 
modification of Khan's risk index by incorporation of straightforward criteria to weigh 
severity of disease may render this index a promising candidate to use as a standard index 
in ESRD and dialysis research. Other promising results have been reported (a) on the 
index described by Chandna et al.,5 (b) the Index of Co-existent Disease (ICED),1416 and 
(c) the D U K E Severity of Illness Checklist (DUSOI).H17 

Nutritional status 

The nutritional status in dialysis patients is multifactorial and includes inadequate intake 
of nutrients, loss of nutrients into dialysate, intercurrent illnesses, uremic toxins and 
endocrine abnormalities.18 We studied parameters such as serum albumin, body mass 
index, lean body mass, malnutrition index, and protein catabolic rate. The number of 
parameters of nutritional status shows that the assessment of nutritional status in dialysis 
patients is not well established. Our finding that none of these parameters of nutritional 



150 ru « 7 
Chapter 7 

status was unambiguously related to patient outcomes further illustrates this. 
In many studies, low serum albumin has been identified as an important risk factor 

for survival and morbidity, both in H D and PD patients.2.19.2« Other authors suggested 
that the association between albumin and outcomes is more likely to be a cause of 
comorbidity.1.2'.22 However, we identified serum albumin as a predictor for an overall 
poor outcome independent of comorbid status. Moreover, in a post-hoc analysis (data not 
presented) serum albumin also appeared to be an independent predictor for the all-cause 
mortality in our total patient cohort. These findings suggest that lack of statistical power 
may be an other explanation for the absence of a relation between serum albumin and a 
cause-specific mortality in the H D and PD subgroups. The different laboratory methods 
routinely used by the participating centers to measure serum albumin may also be an 
explanation.23 

A low percentage lean body mass appeared to be associated with a higher 
symptom burden, but only in PD patients, whereas estimated dietary protein intake 
(nPCR) was positively associated with various short-term impaired physical QL domains. 

We could not demonstrate an association between the malnutrition index modified 
from Harty's index and the mid-term patient outcomes. This may be explained by the fact 
that we did not collect information on the Subjective Global Assessment (SGA) 
component of this index, which is based on a medical history and a physical examination. 
It is proven reliable, valid24-25 and predictive for death of CAPD patients.22 

In summary, assessment of the nutritional status is complex. The link between 
nutritional status and outcome asks for further study. 

Hemoglobin 

Higher hemoglobin levels were associated with a lower non-cardiovascular death risk, but 
this was only in patients on H D . In PD, the mean baseline level of hemoglobin (11.4 
g/dL) was significantly higher than in H D (10.2 g/dL). This suggests that there might be 
a critical level below which hemoglobin has a harmful effect on patient outcomes. This 
post-hoc hypothesis is supported by the results of E P O trials where no further 
improvement in functional health status was observed when hemoglobin target values 
increased from about 10 to 12g/dL (Chapter 3.1, Table 3). Currently, there is an intensive 
debate about the optimal target levels of hemoglobin or hematocrit.26 

The favorable association of higher hemoglobin with aspects of short-term QL in our 
study, is also in agreement with evidence from a randomized, placebo-controlled trial that 
established the beneficial effect of improvement of anemia with E P O on QL.27 However, 
we were not able to demonstrate a beneficial effect of higher baseline hemoglobin levels 
on the time course of QL. The possibility that changes in hemoglobin, rather than its 
absolute baseline value explains course in mid-term QL requires further research 
attention. 

Blood pressure 

Systolic blood pressure was identified as a predictor for cardiovascular and non-
cardiovascular survival in P D patients. Interestingly, the mean arterial pressure also 
appeared to be a predictor of an overall poor outcome, again only in PD patients. In H D , 
we could not demonstrate an influence of blood pressure on patients' outcomes. An 
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explanation may be that the height of blood pressure is one of the indicators for the type 
of dialysis strategy in H D sessions, especially with regard to ultrafiltration. In addition, the 
fluctuai nature of blood pressure, especially in H D patients, complicates the estimate of 
the patient's representative value. 

Neither in H D nor PD we found an association between blood pressure on the one 
hand and symptom burden and mid-term generic QL on the other. Apart from the 
different blood pressures, the dynamic nature of symptoms may have attributed to this 
lack of association. Generic QL reflects the response of patients to many more factors 
than ESRD and its treatment. Therefore, generic QL measures may not be sufficiently 
responsive to health differences related to blood pressure. We will elaborate on the 
performance of the QL outcome measures in section 7.3. 

Residual renal function 

Residual renal function, expressed as rGFR and calculated as the mean of renal urea and 
creatinine clearance, was associated with short-term aspects of QL, but was not identified 
as a determinant of the course of QL during the first 18 months of dialysis. These 
seemingly conflicting results might be explained by the fact that the decline rate of the 
rGFR, rather than its absolute baseline value at the start of dialysis is associated with 
deteriorated QL over time. The observation of Davies et al.28 that residual renal function 
was lost earlier in P D patients who died than in those who survived during the first two 
years of dialysis, supports this hypothesis. 

Regarding the other mid-term outcomes, a low baseline rGFR was borderline 
significantly associated with overall poor outcome, but not with mortality. However, the 
urinary creatinine appearance was associated with a higher risk to die in P D patients. 
Since the creatinine appearance depends on skelet muscle mass as well as on creatinine 
transport, it is difficult to interpret this parameter as a measure of renal function. 

To date, the question whether the beneficial effect of a higher rGFR at the start of 
dialysis can be attributed to a higher residual renal function per se, is due to its association 
with nutritional status, or is caused by the effect of timely initiation and quality of care 
before initiation, can as yet not be answered. This issue is a matter of an ongoing debate, 
29,30 w h i c h should receive high research priority. 

Adequacy of dialysis 

During recent years, increasing appreciation has developed of the association between 
higher removal of urea and creatinine, and improved survival and lower 
morbidity.2.19.20.3'.32 Scant attention has been paid to the specific association between 
dialysis adequacy and QL. 

We studied the association of Kt/Vutea and creatinine clearance as parameters of 
adequacy of dialysis and QL. Both on a generic and a disease specific level we were not 
able to demonstrate an impact of adequacy of dialysis on patient's short- and mid-term 
QL. Explanations may be the continuous tuning of dialysis therapy, fluctuating levels of 
urea and creatinine and insufficient sensitivity of the QL measures. 

As far as the mortality is concerned, and, to a lesser extent an overall poor outcome, 
we found higher risks with lower dialysate creatinine appearance in PD patients. In 
contrast, the clearance parameters in terms of Kt/VUrea and creatinine clearance were not 
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associated with these outcomes. This makes a case for exploring the value of small solute 
removal as markers of adequacy of dialysis instead of the conventionally used clearance 
variables.33 

The finding that clearance by the kidney was related to some aspects of short-term 
QL and borderline significantly to composite poor outcome, while clearance by dialysis 
was not, may indicate that a unit of clearance by the kidney is superior to that same unit 
of clearance by dialysis. More evidence for this proposition comes from the CANUSA 
study: a reduction in hospitalization and mortality with higher Kt/Vurea and creatinine 
clearance could not be demonstrated without the contribution of the renal clearance.2 

7.2 Quality of life outcome measures 

In conditions like ESRD which , if left untreated, will soon lead to death, the treatment 
outcome should always be expressed in terms of survival. Nowadays, where technical 
advances in renal replacement therapy enable prolongation of life even of high-risk 
patients, the prolonged QL should also receive attention. 

Likert scaling 
Characteristic for most QL measures, the SF-36 and the symptom checklist included, is 
that these instruments use multi-item ordinal Likert-type scales. A Likert scale consists of 
a set of items to which the patient has to respond with (a degree of) agreement or 
disagreement. Additionally, the total scale score is derived by summing the numerically 
coded agree and disagree responses to each item. Based on the core assumption of the 
classical measurement theory (observed score = true score + error), the response to any 
single item reflects in part the underlying concept and in part the measurement error.34 

The summation of ordinal item responses into one single scale score partially allows the 
error components to be ruled out. A major disadvantage of this psychometric approach is 
that total Likert scale scores do not give clinical information about the exact pattern of 
responses to the individual items. The same total scale score might be based on different 
combinations of individual item scores, especially in the mid-range of scores. For 
example, a total score of 50 on the 10-item SF-36 physical functioning scale with a 
possible score range from 0 to 100 can be achieved by an ESRD patient who reports no 
limitations in bathing and dressing, but reports severe limitations in climbing stairs, lifting 
heavy objects and household activities. The same total score of 50 can be achieved by a 
ESRD who reports moderate limitations in all physical activities. 

From a classic psychometric point of view, however, one might argue that this 
disadvantage is basically not a real problem, because the individual scale items are highly 
intercorrelated and as such are interchangeable. The meaning of an individual item is not 
as important as the fact that each of them reliably reflects the underlying concept (e.g. 
physical QL). 

Generic and disease-speäfic approach 
Generic QL measures allow comparisons to be made across conditions and interventions, 
but are not always sufficiently focused on the specific problems of any given patient 
population. This disadvantage was well illustrated by our finding that the selected 
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demographic, clinical and dialysis characteristics could only explain generic QL to a 
limited extent. We therefore hypothesized that the use of a disease-specific symptom scale 
would be more sensitive since it assesses a health outcome which is closely related to the 
disease. However, in contrast to our expectation, the demographic, clinical and dialysis 
characteristics were still not able to explain a considerable amount of the variation in 
symptom burden. One of our possible explanations was the dynamic nature of both 
clinical and dialysis characteristics, and symptoms. 

Perhaps a disease-specific QL instrument that focuses on ESRD relevant issues such 
as effects of kidney disease on daily life (e.g. restrictions on fluid and dietary intake), and 
burden of disease (e.g. time spent dealing with kidney disease) can be the solution. In this 
respect, the 79 item Kidney Disease Quality of Life Short Form (KDQOL-SF) may be a 
promising candidate.35.36 This instrument incorporates the well-established SF-36 as a 
generic core, supplemented with multi-item scales targeted at particular problems of 
individuals with kidney disease and on dialysis: symptoms/problems, effects of kidney 
disease on daily life, burden of kidney disease, cognitive function, work status, sexual 
function, quality of social interaction and sleep. Also included are multi-item measures of 
social support, dialysis staff encouragement, patient satisfaction and a single-item overall 
rating of health. The KDQOL-SF has been shown reliable, valid, well accepted and short 
to complète.35-36 In view of these consideration, we recommend the use of a combination 
of a generic and a disease-specific QL tool to evaluate the outcome of chronic dialysis 
patients. The generic component puts the QL in perspective of the general population 
and other chronic conditions. To evaluate whether individual patients or patient groups 
indeed benefit from treatment, a disease-specific instrument should be used. Due to the 
multifactorial origin of physical symptoms and their fluctuating nature a symptom 
checklist does not seem to be the appropriate approach. 

Implications for clinical practice 

Evidence from our studies suggest that preservation of residual renal function, control of 
blood pressure and hydration status, correction of malnutrition and anemia, as well as 
periodic monitoring of QL, and consequendy giving psychosocial support may improve 
the outcome in terms of mortality, morbidity and patient's perceived QL. Preservation of 
residual renal function may be achieved by avoiding nephrotoxic drugs and angiographic 
dye, as well as by control of blood pressure and hydration status. Diuretics in high 
dosages increase urinary output, but had no effect on rGFR in acute studies.37 It is not 
known whether chronic administration will influence the preservation of residual renal 
function. The association between systolic blood pressure and mortality in peritoneal 
dialysis patients makes it likely that also antihypertensive therapy might be beneficial. It is 
unknown whether angiotensin converting enzyme inhibitors or angiotensin receptor 
blocking agents have additional effects with regard to preservation of renal function 
compared to other antihypertensives. 

Directions for future research 
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As yet, we still have no clear answer regarding which dialysis modality is most appropriate 
for which patient in terms of mortality, morbidity and QL. Only multicenter randomized 
trials on the efficacy of dialysis modalities will give the ultimate answer. In medical 
disciplines such as oncology, cardiology, and neurology, randomized clinical trials to 
assess the efficacy of an intervention strategy are more or less routine. In nephrology, 
however, clinical trials are rare or are even absent with regard to comparison of the 
outcomes of dialysis modalities. Randomization is generally considered not to be feasible, 
because the dialysis modalities, inherently to their nature, differ greatly with respect to 
their impact on life style. Therefore, in the absence of randomized trials, multi-center 
prospective cohort studies starting early in the course of treatment, and comprising a 
representative sample of the dialysis population under study, similar to our NECOSAD-
study, will yield the best available evidence. To allow that prognostically similar groups are 
compared suitable adjustment for case mix is essential. The adjustment for casemix 
should minimally comprise age and the presence of comorbid conditions. In order to 
enhance the generalizability and comparability of the outcome of ESRD patient across 
treatments and countries it is essential that a standardized comorbidity index is developed 
that preferably weighs for the severity of disease. 

There is much to be learned regarding the impact of nutrional status, blood pressure, 
hemoglobin, residual renal function and adequacy of dialysis on patient outcomes. Just to 
mention a few examples, data are needed to better understand the role of residual renal 
function on outcome: is the beneficial effect of a higher residual renal function caused by 
an earlier start and better predialyis care, or is renal function itself important for the 
outcome? In addition, the relative value of a unit of clearance by dialysis compared to the 
same unit of renal clearance should be a research priority. Regarding adequacy of dialysis, 
the performance of small solute removal parameters instead of the conventional clearance 
parameters (Kt/VurCa and creatinine clearance) as indicators of adequacy of dialysis should 
be explored. 

To facilitate the use of QL outcomes, further psychometric evaluation and adaptation 
of existing QL measures regarding their interpretation and responsiveness to health 
changes are necessary. Although scales based on the Classical Test Theory yield many 
practical results, modern psychometric methods, in particular Item Response Theory 
(IRT), may offer new directions for outcome research.38 The basic idea is that IRT makes 
it possible to calibrate hierarchically items on an interval-level 'ruler', i.e. the underlying 
QL continuum. With this approach one has the possibility to interpret univocally the 
clinical meaning of the patient's item score. By placing persons with various clinical 
conditions and different ability levels on the same linear ruler, one also has the 
opportunity to compare different cohorts of ESRD patients or to perform cross-disease 
comparisons. 
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End-stage renal disease is the terminal phase of several different conditions which share 
the non-functioning of the kidneys. Dialysis treatment prolongs the life of ESRD patients 
by the removal of excess water and waste products. Between 1981 and 1994 the annual 
incidence of new chronic dialysis patients in The Netherlands doubled to a number of 
more than 1200. Both ESRD and dialysis treatment impose a major impact on the life 
style of patients. This thesis aimed to investigate patient outcomes of chronic dialysis 
treatment, in particular quality of life outcomes. Chapter 1 provides an introduction to the 
studies presented in this thesis. 

In Chapter 2, the baseline clinical condition of our cohort of new Dutch ESRD 
patients is described. These patients participated in the The Netherlands Cooperative 
Study on Adequacy of Dialysis (NECOSAD). 

Consecutive patients from 13 Dutch dialysis centers were included. Data on patient 
and therapy characteristics were collected three months after the start of dialysis. 

A number of 250 patients were included, 132 hemo (HD)- and 118 peritoneal dialysis 
(PD) patients. Mean age was 57 years and 58% were male. Renal vascular disease was the 
most frequent cause of ESRD (23%). Diabetic nephropathy was present in 15% of the 
patients. The majority of the patients (59%) suffered from two or more comorbid 
conditions. Compared to PD patients, H D patients were older, were at a higher risk of 
death according to Khan's comorbidity-age index, had higher systolic and lower diastolic 
blood pressure, higher serum albumin levels, higher body mass index and lower 
hemoglobin levels. Regarding the US guidelines for Kt/Vu«* 58% of our H D and 49% of 
our PD patients had lower values. Twenty six percent of the PD patients reached a total 
creatinine clearance less than the US criterion. 

With regard to age, gender, and primary renal disease, our patient group studied, 
turned out to be representative for new Dutch dialysis patients in the period 1993-1995, 
and may therefore serve as a reference population to study future changes in patient and 
therapy characteristics in the Netherlands. Furthermore, we conclude that common 
international definitions of comorbidity are needed to permit valid comparisons of patient 
population across centers and countries. 

Chapter 3.1 presents an outline of the main methodological problems in measuring quality 
of life (QL), a review of the content and measurement properties of three generic and 
three disease specific QL instruments, and an identification of the bottlenecks in QL 
research in dialysis patients. 

Despite an abundance of papers on the QL of ESRD patients, there appeared no 
conclusive evidence which treatment should be recommended to which patients. 
Explanations may be the retrospective or cross-sectional study designs of the greater 
majority of all studies. Also no or inadequate adjustment for patient case mix was applied, 
such as comorbidity and therapy history, small study samples and the use of different 
definitions and instruments of QL. 

We conclude that uncertainty with regard to the clinical significance of differences in 
QL will remain until multi-center randomized trials comparing the different dialysis 
modalities are completed. Since randomized allocation to dialysis modality is hard to 
achieve, prospective multicenter cohort studies starting early in the course of treatment 
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and following patients for a considerable amount of time are the best alternative. To 
provide that prognostically similar groups are compared, suitable adjustment should be 
made for casemix. The assessment of severity of illness is still not well-established and 
needs further evaluation. Also, more insight is needed into both the physician and patient 
preferences for dialysis modalities. Regarding the appropriate tool to assess QL, we 
consider the combination of a validated generic and disease-specific instrument the 
preferable approach in most situations. 

In Chapter 3.2, the QL of our patient cohort three months after the start of dialysis is 
assessed with a generic QL instrument and put into perspective of a sample of the general 
population. In addition, the impact of demographic, clinical, renal function and dialysis 
characteristics on patients' QL is studied. 

Patients' self-assessment of QL was measured by the SF-36, a 36-item short form 
health survey encompassing eight dimensions: physical functioning, social functioning, role-
functioning physical, role-functioning emotional, mental health, vitality, bodily pain and 
general health perceptions. Multiple linear regression analysis identified the independent 
explaining variables of the QL dimensions. 

A total of 120 HD and 106 PD patients completed the SF-36. QL of H D and P D 
patients was substantially more impaired in comparison to the general population sample, 
particularly with respect to role-functioning physical and general health perceptions. H D 
patients showed lower levels of QL than PD patients on physical functioning, role-
functioning emotional, mental health and pain. However, on multivariate level we could 
only demonstrate an impact of dialysis modality on mental health. A higher number of 
comorbid conditions, a lower hemoglobin level and a lower residual renal function were 
independently related to poorer QL. The variability of the SF-36 scores explained by 
selected demographic, clinical, renal function and dialysis characteristics was highest for 
physical functioning (29.7%). Explained variability of the other SF-36 dimensions ranged 
from 6.9% for general health perceptions to 15.4% for vitality. 

We conclude that QL of new ESRD patients is substantially impaired. Comorbid 
conditions, hemoglobin and residual renal function could explain poor QL only to a limited 
extent. Further research exploring determinants and indices of QL in ESRD is needed. 
From a clinical perspective we conclude that QL should be considered in the monitoring of 
dialysis patients. 

In Chapter 3.3, the QL of our dialysis patients three months after the start of dialysis is 
evaluated in terms of ESRD and dialysis related physical symptoms. Demographic, 
clinical and dialysis characteristics associated with symptom burden are identified and the 
association between symptom burden and generic QL is studied. 

Nine physical symptoms were assessed with a self-administered questionnaire and 
generic QL was measured with the physical and mental summary SF-36 scores. 
Independent explaining variables of symptom burden as well as the association between 
symptom burden and the SF-36 summary scores were studied by multiple linear 
regression analysis. 

The most common symptoms in H D and P D were fatigue (82% and 87%) and 
itching (73% and 68%). In H D only a medium to high comorbidity-age risk index was 
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associated with more symptom burden. In PD also a lower percentage lean body mass, a 
lower residual GFR and past episodes of underhydration were associated with more 
symptom burden. The explained variance by these variables was only 12% in H D and 
2 1 % in PD. However, more symptom burden explained a substantial additional amount 
of impaired physical and mental QL on top of demographics and clinical status. Dialysis 
variables were neither associated with symptoms nor with QL. 

We conclude that symptom burden can be explained to a limited extent by 
demographic and clinical variables and not by dialysis characteristics. Addition of 
symptom burden to the other variables makes it possible to explain one third of perceived 
QL. This underlines the importance of symptom reduction in order to improve patient's 
QL. 

In Chapter 4, baseline risk factors for cardiovascular and non-cardiovascular mortality in 
H D and PD dialysis are studied during the first 3 years of dialysis treatment. Cox 
proportional hazards regression was used to identify independent predictors. 

The mean follow-up was 26 months (range 4-44 months) after start of dialysis. At the 
end of follow up, 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. 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 H D . In PD, 
mainly a higher blood pressure and a lower creatinine removal were associated with an 
increased risk of both cardiovascular and non-cardiovascular mortality. 

In conclusion, in H D cardiovascular as well as non-cardiovascular mortality are 
primarily determined by patient characteristics, whereas in PD, death is mainly predicted 
by therapy characteristics. 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 
HD. 

In Chapter 5, we study the course of QL during the first 18 months of dialysis of our H D 
and P D patients. 

Patients' self-assessment of QL was measured with the SF-36 at three, six, 12, and 18 
months after the start of dialysis treatment. Repeated measures analysis of variance was 
used to establish changes in QL over time, differences in QL between treatment groups 
and interaction between changes by time and treatment group. 

Out of 230 patients who completed the QL questionnaire at least once, 139 patients 
stayed on their initial dialysis modality, 26 patients switched dialysis modality, 35 patients 
were transplanted, 28 patients died and two patients had recovery of renal function. QL 
of patients who died during the study period was considerably worse at baseline and 
worsened at a faster rate than in the other patient groups. In patients who stayed on their 
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initial dialysis modality, physical QL decreased over time, while mental QL tended to 
remain stable. After adjustment for the initial value of QL and comorbidity, a consistently 
favorable effect of H D on physical QL over time was found compared to PD, while 
mental QL remained similar. Parameters of adequacy of dialysis were not associated with 
QL over time. 

From these results we conclude that physical QL over time in H D patients is better 
than in P D patients. 

In Chapter 6, we present a composite index of poor outcome that incorporates 
information on survival, morbidity, and quality of life. In addition, we identify baseline 
patient and treatment characteristics that predict poor outcome one year after the start of 
chronic dialysis. 

Outcome of our cohort of patients 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 severe 
malnutrition according to Harty's malnutrition index, 3) an SF-36 physical summary QL 
score more than or equal to 2 SD below the general population norm, and 4) an SF-36 
mental summary QL-score more than or equal to 2 SD below the general population 
norm. Multivariate logistic regression analysis was used to identify independent predictors 
of poor outcome. 

A medium and high comorbid status, a serum albumin <30g/L, a physical and mental 
summary QL more than or equal to 2 SD below the general population norm, and, to a 
lesser extent, a rGFR <2.5mL/min, at baseline were all independently associated with a 
higher risk of poor outcome. In PD patients a dialysate creatinine appearance 
<30mmol/week was borderline significantly associated with a higher risk of poor 
outcome. In H D none of the adequacy of dialysis parameters predicted poor outcome. A 
post-hoc analysis indicated a mean arterial blood >107mmHg to be predictive of poor 
outcome in PD. 

We conclude that our prognostic model provides a useful tool to identify chronic 
dialysis patients at risk for poor health status. All of its variables are clearly defined and 
readily ascertainable. Strategies aimed at preservation of residual renal function (e.g. 
avoidance of nephrotoxic drugs, use of ACE inhibitors, better control of hydration 
status), control of blood pressure, and monitoring of QL and consequently giving 
psychosocial support, may lower the risk of poor outcome. 

In Chapter 7, the most important determinants of the patient outcomes that are studied in 
the present thesis are discussed and put into perspective of the present state of the art. In 
addition, some relevant issues concerning the measurement of QL outcomes are 
highlighted. Furthermore, implications for clinical practice of the results of this thesis are 
formulated. Finally, suggestions are given for future research on patient outcomes in 
dialysis care. 
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Terminale nierinsufficiëntie is de eindfase van aandoeningen die het niet-functioneren van 
de nieren betreffen. Een dialysebehandeling verwijdert overtollig vocht en afvalstoffen en 
verlengt daarmee het leven van deze patiënten. Tussen 1981 en 1994 is de jaarlijkse 
incidentie van nieuwe dialysepatiënten verdubbeld tot ongeveer 1200. Zowel de 
nierinsufficiëntie als de dialysebehandeling beïnvloeden het dagelijkse leven van 
nierpatiënten in hoge mate. In dit proefschrift worden verschillende 
gezondheidsuitkomsten, die voor de patiënt van belang zijn, bestudeerd, met speciale 
aandacht voor de kwaliteit van leven (KvL). Hoofdstuk 1 vormt de inleiding tot het 
onderzoek dat in de verschillende hoofdstukken aan de orde komt. 

In Hoofdstuk 2 wordt de klinische conditie van ons cohort van nieuwe patiënten met 
terminale nierinsufficiëntie bij aanvang van de studie ("baseline') beschreven. Deze 
patiënten namen deel aan de Nederlandse Coöperatieve Studie naar de Adequaatheid van 
Dialysebehandeling (NECOSAD). Tussen 1 oktober 1993 en 1 april 1995 werden in 13 
Nederlandse dialysecentra opeenvolgende patiënten geïncludeerd. De kenmerken van de 
patiënten en hun behandeling werden drie maanden na de start van dialysebehandeling 
geregistreerd. 

Het cohort werd gevormd door 250 patiënten, 132 hemodialyse (HD) patiënten en 
118 peritoneale dialyse (PD) patiënten. De gemiddelde leeftijd was 57 jaar, 58% mannen 
en 42% vrouwen. Renaal vasculair nierlijden was de meest voorkomende oorzaak van 
terminale nierinsufficiëntie (23%). Diabetes mellitus was bij 15% van de patiënten de 
oorzaak van het nierlijden, 59% had twee of meer bijkomende aandoeningen. 

In vergelijking tot PD patiënten, waren H D patiënten ouder en hadden, volgens 
Khan's gecombineerde comorbiditeit-leeftijd classificatie, een groter risico te overlijden. 
Daarnaast hadden ze een hogere systolische en een lagere diastolische bloeddruk, een 
hogere serum albumine spiegel, een hogere 'body mass' index en een lager hemoglobine 
gehalte. Van de H D patiënten had 58% en van de P D patiënten 49% lagere Kt/Vu r c u n l 

waarden dan aanbevolen in Amerikaanse richtlijnen. Wat betreft de creatinine klaring had 
26% van de PD patiënten een lagere waarde dan de Amerikaanse standaard. 

Daar ons cohort representatief bleek voor nieuwe Nederlandse dialysepatiënten 
(periode: 1993-1995), voor wat betreft leeftijd, geslacht en primaire nieraandoeningen, kan 
dit cohort dienen als referentiepopulatie om toekomstige ontwikkelingen in patiënt- en 
dialysekarakteristieken te bestuderen. Verder zij opgemerkt dat algemeen geaccepteerde 
definities van co-morbiditeit noodzakelijk zijn voor valide vergelijkingen tussen groepen 
patiënten uit verschillende centra en verschillende landen. 

Hoofdstuk 3.1 geeft een overzicht van de voornaamste methodologische problemen bij het 
meten van kwaliteit van leven (KvL), en van de inhoud en meeteigenschappen van drie 
generieke en drie ziekte-specifieke KvL instrumenten. Tevens worden knelpunten in het 
onderzoek van de KvL van dialyse patiënten besproken. 

Ondanks het feit dat er veel over de KvL van dialysepatiënten is gepubliceerd, bestaat 
er nog steeds onduidelijkheid over de vraag welke dialysevorm het meest geschikt is voor 
welke patiënt. Een mogelijke verklaring zou kunnen zijn dat de meeste onderzoekingen 
ofwel retrospectief ofwel cross-sectioneel van opzet zijn. Tevens wordt onvoldoende 
rekening gehouden met verschillen in de samenstelling tussen patiëntengroepen ("case 
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mix'), zoals bijvoorbeeld verschillen in co-morbiditeit en eerdere behandelingen. 
Daarnaast zijn de onderzoekingen veelal beperkt tot kleine en/of selecte patiëntengroepen 
waarbij de gehanteerde definities van KvL verschillend zijn en verschillende 
meetinstrumenten gebruikt worden. 

De conclusie van het hoofdstuk luidt dat zolang er geen gerandomiseerd vergelijkend 
multicentrum onderzoek is verricht, er onduidelijkheid zal blijven bestaan over de 
klinische betekenis van verschillen in KvL tussen de verschillende dialysebehandelingen. 
Aangezien randomisatie moeilijk te realiseren is, vormen prospectieve multicentrum 
cohort onderzoekingen, die vroeg in het behandelingstraject starten en patiënten 
gedurende langere tijd vervolgen, het beste alternatief. Om er voor te zorgen dat 
prognostisch vergelijkbare patiënten worden vergeleken, is het van belang dat er 
voldoende rekening gehouden wordt met verschillen in 'case-mix'. Daarbij doet zich het 
probleem voor dat de ernst van ziekte op dit moment niet goed in maat en getal is vast te 
leggen. Dit meetprobleem verdient dan ook nader onderzoek. Bovendien is meer inzicht 
nodig in de voorkeuren van artsen en patiënten voor bepaalde dialysemodaliteiten. Wat 
betreft de meest geschikte KvL maat, adviseren wij een combinatie van een generiek en 
een ziekte-specifiek meetinstrument. 

In Hoofdstuk 3.2 wordt de KvL van ons patiëntencohort, drie maanden na de start van 
dialysebehandeling, geëvalueerd en vergeleken met de KvL van een algemene Nederlandse 
populatie. Tevens wordt, met behulp van multivariate lineaire regressie, de invloed van 
demografische en klinische karakteristieken, de nierfunctie en dialysekenmerken op de 
KvL bestudeerd. 

De ervaren KvL werd gemeten met de SF-36, een generieke lijst met 36 vragen en 8 
dimensies: fysiek functioneren, sociaal functioneren, rolbeperkingen als gevolg van fysieke 
problemen, rolbeperkingen als gevolg van emotionele problemen, mentaal welbevinden, 
vitaliteit, pijn en algemene gezondheidsperceptie. De SF-36 werd ingevuld door 120 H D 
en 106 PD patiënten. 

In vergelijking tot de algemene bevolkingsgroep was de KvL van de H D en de PD 
patiënten aanzienlijk minder, vooral wat betreft de dimensies rolbeperkingen als gevolg 
van fysieke problemen en algemene gezondheidsperceptie. Voor de dimensies fysiek 
functioneren, rolbeperkingen als gevolg van emotionele problemen, mentaal welbevinden 
en pijn, rapporteerden H D patiënten een mindere KvL dan P D patiënten. Bij de 
multivariate analyses bleef echter alleen een verschil in mentaal welbevinden tussen de 
beide dialysemodaliteiten bestaan. Co-morbiditeit, een lager hemoglobine gehalte, en een 
mindere restnierfunctie waren onafhankelijk geassocieerd met een aangetaste 
levenskwaliteit. De hoeveelheid variantie van de SF-36 scores die verklaard kon worden 
door de geselecteerde demografische- en klinische karakteristieken, de nierfunctie en 
dialysekenmerken was het grootst voor fysiek functioneren (29,7%). De verklaarde 
varianties van de overige dimensiescores varieerden van 6,9% (algemene 
gezondheidsperceptie) tot 15,4% (vitaliteit). 

Samenvattend concluderen we dat de KvL van nieuwe chronische dialysepatiënten 
aanzienlijk verminderd is ten opzichte van een algemene Nederlandse bevolkingsgroep en 
dat co-morbiditeit, het hemoglobine gehalte en de restnierfunctie dit slechts in beperkte 
mate kunnen verklaren. Vervolgonderzoek is niet alleen nodig naar de determinanten van 
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KvL, maar ook naar de meetkwaliteiten van de meetinstrumenten. Vanuit een klinisch 
perspectief is het aan te bevelen om regelmatig de KvL van dialysepatiënten te 
beoordelen. 

In Hoofdstuk 3.3 staan de nierziekte- en dialysespecifieke lichamelijke klachten van de 
patiënten drie maanden na de start van dialysebehandeling centraal. In eerste instantie 
wordt nagegaan welke demografische en klinische karakteristieken en welke 
dialysekenmerken samenhangen met de klachten. Vervolgens wordt de relatie bestudeerd 
tussen de lichamelijke klachten en de ervaren KvL. 

Met behulp van een vragenlijst werden negen lichamelijke klachten gescoord. De 
KvL werd gemeten met behulp van de gesommeerde fysieke en mentale scores van de SF-
36. De diverse associaties werden onderzocht met multivariate lineaire regressie modellen. 

Vermoeidheid (HD en PD: 82 en 87%) en jeuk (HD en PD: 73 en 68%) waren de 
meest voorkomende klachten. Bij H D patiënten bleek alleen een matige tot ernstige co-
morbiditeit geassocieerd te zijn met de omvang van de klachten. In de PD groep waren 
tevens een lager percentage vetvrije massa, een mindere restnierfunctie en episodes van 
ondervulling geassocieerd met lichamelijke klachten. De totale variantie van 
klachtenscores die door deze variabelen werden verklaard, bedroeg slechts 12% in H D 
patiënten en 2 1 % in P D patiënten. 

Naast de demografische en klinische karakteristieken, verklaarde de omvang van de 
klachten een aanzienlijk aanvullend deel van de aangetaste fysieke en mentale KvL. 
Dialysekenmerken blijken niet geassocieerd te zijn met het optreden van klachten en met 
de ervaren KvL. 

Hieruit concluderen we dat klachten slechts in beperkte mate verklaard kunnen 
worden door demografische en klinische karakteristieken. Het toevoegen van de klachten 
aan demografie en klinische status maakt het mogelijk ruim een derde deel van de 
scorevariantie van de ervaren KvL te verklaren. Dit onderstreept het belang om de 
klachten van de patiënten te verminderen om zodoende de KvL van patiënten te 
verbeteren. 

In Hoofstuk 4 worden onafhankelijke risicofactoren voor cardiovasculaire en niet-
cardiovasculaire mortaliteit gedurende de eerste drie jaar van dialysebehandeling met 
behulp van 'Cox proportional hazards' regressie geïdentificeerd. 

De gemiddelde observatieduur bedroeg 26 maanden (spreiding 4-44 maanden). Aan 
het einde van de observatieperiode waren 54 van de 132 H D patiënten in leven en op 
dialyse, van hen waren 53 (40%) op de initiële H D . Van de 118 PD patiënten waren 39 in 
leven en op dialyse, van hen waren 20 (17%) op de initiële PD. In de H D groep waren 42 
(32%) patiënten overleden, 21 als gevolg van een cardiovasculaire aandoening en 21 als 
gevolg van een niet-cardiovasculaire aandoening. In de P D groep stierven 33 (28%) 
patiënten, 11 als gevolg van een cardiovasculaire aandoening en 22 als gevolg van een niet-
cardiovasculaire aandoening. 

Cardiovasculaire sterfte in de H D groep was gerelateerd aan cardiovasculaire co-
morbiditeit. Hogere leeftijd, aanwezigheid van co-morbiditeit en een laag hemoglobine 
gehalte waren voorspellers voor de niet-cardiovasculaire sterfte in de H D patiënten. In de 
P D groep waren vooral een hogere systolische bloeddruk en een hogere creatinine 
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uitscheiding geassocieerd met een verhoogd risico voor zowel cardiovasculaire als niet-
cardiovasculaire sterfte. 

Op grond van deze onderzoeksresultaten concluderen we dat bij H D de 
cardiovasculaire en de niet-cardiovasculaire sterfte primair worden bepaald door 
patiëntkarakteristieken, terwijl de sterfte in de P D groep vooral wordt verklaard door 
behandelingsgerelateerde kenmerken. De behandeling van een hoge systolische bloeddruk 
in PD patiënten kan dan ook een strategie zijn om de sterfte te verminderen. Ook kan 
verbetering van het peritoneale ultrafiltratie volume een aanknopingspunt zijn om de 
cardiovasculaire sterfte te verminderen. Onderzoekingen met grotere patiëntengroepen 
zijn nodig om de precieze invloed van behandelingskenmerken op de oorzaak-specifieke 
sterfte in H D patiënten te kunnen vaststellen. 

In Hoofdstuk 5 beschrijven wij het beloop van de KvL gedurende de eerste 18 maanden 
van de dialysebehandeling van onze patiënten. 

De KvL werd bepaald met de SF-36, op 3, 6, 12 en 18 maanden na aanvang van de 
dialyse. Met behulp van een statistische techniek voor herhaalde metingen werden 
veranderingen in KvL in de tijd, verschillen in KvL tussen de beide dialysemodaliteiten 
(HD vs. PD) en de interactie tussen tijdsgebonden veranderingen en behandelingsvormen 
bestudeerd. 

Van de 230 patiënten die tenminste één keer de SF-36 invulden, verbleven er 139 op 
hun initiële dialysemodaliteit, 26 wisselden van behandeling, 35 werden getransplanteerd, 
28 patiënten stierven, en 2 patiënten hadden een herstelde nierfunctie. 

De KvL van patiënten die overleden gedurende de observatieperiode was bij 
'baseline' significant meer aangetast en ging ook sneller achteruit dan in de andere 
patiëntgroepen. Van de patiënten die op hun initiële dialysemodaliteit verbleven, 
verslechterde de fysieke KvL met de tijd, terwijl de mentale KvL min of meer gelijk bleef. 
Na correctie voor de verschillen in KvL en co-morbiditeit bij 'baseline', werd, ten opzichte 
van PD, een consistent gunstig effect van H D op de fysieke KvL geobserveerd, terwijl de 
mentale KvL gelijk bleef. Adequaatheid van dialyse was niet geassocieerd met het beloop 
van KvL in de tijd. 

Op grond van bovenstaande bevindingen concluderen we dat op langere termijn de 
fysieke KvL van H D patiënten beter is dan van PD patiënten. 

In Hoofdstuk. 6 presenteren we een samengestelde maat voor een ongunstige uitkomst van 
ziekte. Deze samengestelde maat ("slechte gezondheidsuitkomst' of 'poor outcome") omvat 
informatie over overleving, morbiditeit en KvL. 

Van een slechte gezondheidsuitkomst was volgens onze definiëring sprake indien de 
patiënt (I) was overleden of (II) aan tenminste twee van de volgende vier voorwaarden 
voldeed: (a) 30 of meer ziekenhuisdagen per jaar; (b) serum albumine kleiner of gelijk aan 
30g/l of ernstige ondervoeding volgens Harty's ondervoedingindex; (c) SF-36 fysieke 
somscore 2 of meer standaard deviaties (SD) onder de normwaarden van de algemene 
populatie; en (d) SF-36 mentale somscore 2 of meer SD onder de normwaarden van de 
algemene populatie. 
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Met behulp van multivariate logistische regressie werden de 'baseline' 
patiëntkarakteristieken en de behandelingskenmerken geïdentificeerd die deze ongunstige 
gezondheidsuitkomst, één jaar na de start van de chronische dialyse, voorspelden. 

Een matige tot ernstige co-morbiditeit, een serum albumine <30g/l, een lage fysieke 
en mentale KvL Ç>2 SD onder de normwaarden) en, in iets mindere mate, een rGFR <2,5 
ml/min waren geassocieerd met een verhoogde kans op een slechte gezondheidsuitkomst. 
In de PD groep was een dialysaat creatinine uitscheiding <30mmol/week net niet 
statistisch significant geassocieerd met een hoger risico op een slechte uitkomst (P=0,08). 
In de H D groep bleek geen van de parameters van dialyse-adequaatheid een voorspellend 
vermogen te hebben. In een post-hoc analyse bleek tevens een MAP >107 mmHg 
geassocieerd met een hogere kans op een slechte gezondheidsuitkomst in de PD groep. 

Met ons prognostische model blijkt het mogelijk te zijn patiënten te identificeren met 
een verhoogde kans op ongunstige gezondheidsuitkomsten. Een strategie, die gericht is op 
het behoud van de nierfunctie (bijv. het vermijden van nefrotoxische medicijnen, gebruik 
van ACE-remmers, optimale beheersing van de vochtstatus), controle van de bloeddruk, 
en regelmatige beoordeling van de KvL, zonodig aangevuld met psychosociale 
ondersteuning, kan het risico op een ongunstige uitkomst van ziekte verminderen. 

Hoofdstuk 7 geeft een samenvatting van de voornaamste determinanten van de 
verschillende gezondheidsuitkomsten en plaatst deze in het perspectief van de huidige 
stand van de medische wetenschap. Voorts worden enkele problemen besproken die 
optreden bij het meten van KvL uitkomsten. Daarnaast worden implicaties van de 
onderzoeksresultaten van dit proefschrift geformuleerd voor de klinische praktijk. Tot slot 
worden voorstellen gedaan aangaande de gewenste koers van toekomstig onderzoek naar 
voor de patiënt relevante gezondheidsuitkomsten van dialysebehandeling. 
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Velen hebben bijgedragen aan het tot stand komen van mijn 'boekje'. Graag wil ik hen 
hiervoor bedanken. 

Allereerst wil ik de patiënten bedanken die belangeloos deelnamen aan het NECOSAD-1 
projekt. De artsen en verpleegkundigen van de dialysecentra van het NECOSAD-1 
projekt ben ik dankbaar voor hun inspanningen om het projekt goed te laten verlopen. 

Ank, Barbara, Roos, Carola en José, dank jullie voor de betrouwbare en volledige invoer 
van de patiëntengegevens en de belangstelling voor mijn onderzoek en mijn persoon. Het 
was altijd aangenaam vertoeven bij jullie op het NECOSAD-trial bureau. Ook de andere 
medewerkers van het trialbureau dank ik voor hun inzet voor het NECOSAD-project. 

Mijn promotor Prof.dr. R.J. de Haan ben ik veel dank verschuldigd. Beste Rob, weer één 
naar de kerk gebracht! Je eenmanszaakje heb je in korte tijd uitgebouwd tot een waar 
productiebedrijf van promovendi. Dat je desalniettemin tijd en persoonlijke aandacht 
voor al je 'producten' weet te houden, waardeer ik enorm. Dank je voor je stimulerende 
begeleiding, creatieve ideeën en je altijd aanwezige vertrouwen in mijn werk. O m te 
eindigen met jouw woorden: "Goed werk!". 

De bijdrage van mijn klinische copromotor, Dr. R.T. Krediet, is belangrijk voor mij 
geweest. Beste Ray, ondanks je drukke binnen- en buitenlandse agenda had je tussendoor 
altijd tijd om mijn vragen te beantwoorden en mijn manuscripten van commentaar te 
voorzien. Ik heb veel geleerd van je enorme deskundigheid op het terrein van nierziekte 
en dialyse. Veel dank hiervoor en voor je enthousiasme voor mijn onderzoek. 

Mijn epidemiologische copromotor, Dr. RW. Dekker, wil ik bedanken voor zijn 
methodologische begeleiding van mijn onderzoek en het NECOSAD-projekt. Beste 
Friedo, dank voor je steun, je bereidheid mij te helpen wanneer ik vastliep met mijn 
analyses en de ruimte die je mij gaf mijn ideeën uit te voeren. 

De leden van mijn promotiecommissie, Prof.dr. L. Arisz, Prof.dr. E. Briët, Prof.dr. 
J.C.J.M, de Haes en Prof.dr. G.K. van der Hem dank ik voor het beoordelen van mijn 
proefschrift. Dear Dr. Gokal, I feel honoured to have you as member of my promotion 
committee. 

Beste Kitty, jouw aanwezigheid is van onmisbare invloed geweest op het welslagen van 
het NECOSAD-projekt en de totstandkoming van dit 'boekje'. Ik denk met veel plezier 
terug aan onze samenwerking en onze 'roadshow' in Amerika en Canada. Ik bewonder de 
wijze waarop je jouw werk, promotie en moederschap weet te combineren. Ik wens je 
veel succes met de afronding van jouw 'boekje'. 

Dr. E.W. Boeschoten, beste Els, (kan dit ooit nog zonder associaties tegen je worden 
gezegd?!), dank je voor je inzet voor mijn onderzoek en je stimulerende en opgewekte 
leiding van het NECOSAD-projekt. 
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Collega's van de afdeling Klinische Epidemiologie en Biostatistiek, dank voor jullie 
collegialiteit en belangstelling. Mijn vroegere en huidige kamergenoten Ben-Willem, Mark, 
Corianne, Elly en Astrid: Beste Ben-Willem en Mark, jullie hebben mijn start op d'e KEB 
onvergetelijk gemaakt. Een lach is niet te bedwingen als ik terugdenk aan de grappen die 
voorbij kwamen. Met jullie is een stuk humor van de afdeling verdwenen. Kom snel terug! 
Beste Corianne, Elly en Astrid, het is altijd een beetje thuiskomen op het werk met jullie 
om me heen. Het is prettig niet alleen je ei kwijt te kunnen over het werk maar ook over 
'het leven'. Beste Noor, Hans, Gerrit-Jan en Robert, het samen op een kamer vertoeven is 
geen noodzakelijke voorwaarde voor een goed contact. Dank jullie voor jullie gezelligheid, 
warme belangstelling en adviezen. Beste Corianne, Hans en Gerrit-Jan, nog even en dan is' 
jullie boekje ook af. Succes! Prof.dr. P.M.M. Bossuyt, beste Patrick, jouw aanwezigheid bij 
een cursus repeated measures analyse heeft er toe bijgedragen dat ik er toch nog iets van 
heb opgestoken èn het bovendien heb kunnen toepassen in dit boekje. Ik kijk uit naar 
onze samenwerking de komende jaren. Beste Barbara, dat wordt samen puffen straks! 

Beste Marijke, door jouw omslag heeft het boekje een kleurrijker en persoonlijker karakter 
gekregen. Ik ben je hiervoor heel dankbaar. 

Lieve zussen, (schoonfamilie en vrienden, dank jullie voor jullie niet aflatende warme 
belangstelling en jullie steun. Jullie kunnen me de komende tijd niet genoeg afleiden! 

Lieve Petmschka en Carl, jullie zijn niet alleen op 2 juli mijn paranimfen maar eigenlijk 
altijd. Het geeft me een goed gevoel jullie op 2 juli naast mij te hebben. 

Lieve papa en mama, ik prijs me gelukkig met zulke warme, zorgzame en betrokken 
ouders als jullie, daarom draag ik mijn 'boekje' aan jullie op. Lieve mam, dank je voor je 
bijdrage aan de omslag. 

Lieve Jeroen, het is eindelijk af! Ik kan je niet genoeg bedanken voor je onvoorwaardelijke 
steun, je enorme geduld en de vrijheid die je mij gaf altijd weer het werk voor te laten 
gaan. De tweede bevalling dit jaar is voor ons samen! 
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Curriculum Vitae 

Maruschka Merkus werd op 11 december 1966 te Nijmegen geboren. In 1985 behaalde zij 
het diploma Gymnasium-ß aan het Stedelijk Gymnasium te Nijmegen en begon zij met de 
studie Voeding van de Mens aan de Landbouwuniversiteit te Wageningen. Gedeelten van 
haar studietijd bracht zij door bij het Universitair Ziekenhuis te Gent in België, bij het 
toenmalig Centrum voor Epidemiologie van het Rijksinstituut voor Volksgezondheid en 
Milieu (RIVM) te Bilthoven en bij het Istituto Nazionale della Nutrizione te Rome in 
Italië. Het doctoraalexamen in de afstudeerrichtingen Fysiologie/Biochemie en Voeding 
en Gezondheid werd behaald in augustus 1991. 

In datzelfde jaar verhuisde zij naar Amsterdam alwaar ze in 1992 als wetenschappelijk 
onderzoeker begon bij de afdeling Maag-, Darm- en Leverziekten van het Academisch 
Medisch Centrum, Universiteit van Amsterdam (AMC). In 1993 volgde registratie als 
Epidemioloog A en in 1994 trad zij in dienst bij de afdeling Klinische Epidemiologie en 
Biostatistiek van het AMC. Daar begon zij aan het onderzoek dat beschreven is in dit 
proefschrift. Daarnaast verrichtte zij werkzaamheden voor een door de Hartstichting 
gefinancierd onderzoek naar de behandeling van patiënten met een subarachnoïdale 
bloeding. 

Na haar promotie zal zij werkzaam blijven bij de afdeling Klinische Epidemiologie en 
Biostatistiek van het AMC. Haar hoofdtaak betreft de methodologische begeleiding van 
een aantal Ontwikkelingsgeneeskunde projecten. 
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