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End-stagee renal disease (ESRD) can be due to many different conditions 
varyingg from diabetes mellitus and hypertension, that also affect other organ 
systems,, to glomerulonephritis which is limited to the kidney. Whatever its cause, 
ESRDD will lead to death if left untreated. Forty years ago it became possible to 
keepp ESRD patients alive. In the years to follow, dialysis and transplantation both 
becamee regular therapeutic options to take over vital parts of the patient's renal 
function.. However, the availability of kidneys for transplantation is highly 
dependentt on the number of cadaver organ donors. Because of the shortage of 
organn donors, most ESRD patients will for at least a part of their lives be 
dependentt on dialysis treatment. 

Dialysiss removes waste products and excess fluid from the blood, functions 
thatt are normally fulfilled by the kidneys. Hemodialysis is an intermittent therapy, 
typicallyy performed in in-hospital dialysis units, although traditionally a small part 
off  the patients receive hemodialysis at home or in an outpatient setting. Most 
patientss receive 2 to 4 sessions a week with a duration of 3 to 4 hours. The patient's 
bloodd is run through an artificial kidney. Accumulated toxic substances diffuse 
throughh a dialysis membrane to a dialysis fluid, which has similarities with blood 
plasma.. The removal of excess fluid is achieved by a hydrostatic pressure gradient 
overr that same membrane. In peritoneal dialysis patients a permanent catheter is 
insertedd in the peritoneal cavity through the abdominal wall. Throughh that catheter 
dialysiss fluid is periodically renewed. Toxic substances are removed from the 
vesselss in the peritoneal membrane to the dialysis fluid in the peritoneal cavity by 
diffusion.. Excess fluid is removed from the blood to the peritoneal cavity by an 
osmoticc pressure gradient that is achieved by the high glucose concentrations of 
thee dialysis fluid. Popovich and Moncrief developed the technique of continuous 
ambulatoryy peritoneal dialysis (CAPD).1 Approximately two liters of dialysis fluid 
remainn in the peritoneal cavity continuously. These are exchanged by the patient 
fourr or five times a day. Not onfy are substances removed from the blood, there is 
alsoo diffusion in the opposite direction, resulting in for example glucose uptake. In 
thee last decade machines have been introduced that take over part of the exchanges 
fromm the patient. They are used over night, while the patient is asleep. This 
automatedd peritoneal dialysis (APD) received the name continuous cyclic peritoneal 
dialysiss (CCPD) in case dialysis fluid is left in the abdomen during the day. 

Inn the Netherlands, dialysis care is provided by 48 Dutch dialysis centers. Most 
off  these centers offer both dialysis modalities. Between 1985 and 1995 the number 
off  patients receiving dialysis almost doubled to nearly 40002 and it has been 
growingg since. Each year more than 1300 patients start dialysis therapy.2 The 
introductionn of improvements in dialysis technology could not prevent that annual 
mortalityy rates increased from 13 to 21% over those same ten years. Both 
developmentss are reflecting worldwide trends. Investigators in the US have 
proposedd a higher acceptance rate of older and sicker patients, reduced mortality 
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fromm other conditions and a possible higher incidence of kidney disease as potential 
explanations.33 Currently, the remaining life expectancy among US dialysis patients 
iss estimated between 20% (white women) and 40% (black men) of that of the 
correspondingg US population of the same age.4 

Growingg mortality rates and an interest in the determinants of outcome in 
dialysiss have led to the initiative of the Dialysis Group Netherlands (DGN) to start 
thee Netherlands Cooperative Study on the Adequacy of Dialysis (NECOSAD). The 
firstt aim of this study was to prospectively investigate the association of patient and 
therapyy characteristics at 3 months after the start of dialysis with outcome. From 
thee beginning it was evident that outcome was not restricted to mortality or 
morbidity.. Also quality of life was defined as primary outcome measure, as it was 
recognizedd that not only ESRD itself but also its treatment might affect the patient 
perceivedd quality of life. Comorbidity, nutritional status and residual renal function 
weree other specific areas of interest. The second aim of this study was to define 
adequatee dialysis and to develop treatment guidelines applicable to the Dutch 
dialysiss population. At that time it was suspected that most Dutch patients received 
aa lower dialysis dose than recommended in the US, whereas patient survival seemed 
similar.. It was also not clear if hemodialysis or peritoneal dialysis would have a 
survivall  advantage in patients without contra-indications for one of these treatment 
modalities. . 

Thiss thesis deals with the first NECOSAD cohort of 250 new dialysis patients 
fromm 13 centers and its outcome over a maximum period of 44 months. In Chapter 
22 the characteristics of these patients at 3 months after the start of dialysis 
(baseline)) are reported. Their clinical condition, including their comorbidity, is 
describedd and put into a European perspective. In addition, associations of baseline 
characteristicss with short-term outcome are identified (Chapter 2.1). In Chapter 2.2 
detailss on the quality of life at baseline are provided and put into the perspective of 
thee quality of life of a Dutch general population sample. Secondly, the relationship 
off  quality of life with demographic, clinical and adequacy variables is identified. In 
ChapterChapter 3 treatment and overall mortality are reported. The first part deals with 
case-mixx differences among the participating centers and with dialysis treatment 
overr time. A comparison is made with current US guidelines on the adequacy of 
dialysis.. Mortality, hospitalization and the time course of renal function and blood 
pressuree are described and discussed in the context of recent literature. Outcome in 
thee elderly subgroup is reported separately and compared to the entire study 
populationn (Chapter 3.1). In the second part of this chapter the determinants of 
mortalityy and technique failure in patients who started peritoneal dialysis are 
presentedd (Chapter 3.2). The subject of Chapter 4 is nutritional status. The time 
coursee of several nutritional parameters over two years is compared between 
patientss starting on hemodialysis or peritoneal dialysis. Subgroups with a different 
changee in nutritional status over time on dialysis are identified. Chapter 5 deals with 
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thee time course of quality of life over the first 18 months after the start of dialysis 
treatment.. The two dialysis modalities are compared with respect to different 
dimensionss of quality of life. In the general discussion, in Chapter 6, the findings are 
discussedd in terms of determinants and outcome. Directions for future research are 
given. . 
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Clinicall  condition 

Jagerr KJ, Merkus MP, Boeschoten EW, Dekker FW, Stevens P, Krediet RT, on 
behalff  of the NECOSAD Study Group: Dialysis in the Netherlands: the clinical 
conditionn of new patients put into a European perspective. Nephrol Dial 
Transplantt 14:2438-2444, 1999 
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Abstract t 

BackgroundBackground and Purpose. The unadjusted annual mortality rate among prevalent Dutch 
dialysiss patients increased from 1981 to 1992. Part of this increase may be 
attributedd to the aging of the dialysis population, but hardly any data were available 
onn other important prognostic features of new Dutch dialysis patients, such as 
comorbidityy and other aspects of their clinical condition. The aim of the present 
studyy was to obtain these data and to put them into a European perspective. 
Methods.Methods. Two hundred and fifty  consecutive new patients were included in this 
prospectivee multicenter study. Data were collected three months after start of 
dialysis.. Multivariate linear regression analysis was used to explain the variability of 
parameterss of nutritional state and blood pressure. 
Results.Results. Mean age was 57 years, comorbid conditions were present in 51%, diabetes 
mellituss in 18% and cardiovascular disease in 28%. Decreased protein intake was 
relatedd to diminished residual renal function. Our patients did not have more 
comorbidityy than Dutch patients participating in a European study some years 
earlier.. Comparison with other studies was complicated by the use of different 
definitionss of comorbidity and of selected patient populations. 
Gjndusions.Gjndusions. Despite the fact that Dutch dialysis patients have become older and the 
incidencee of diabetic nephropathy has increased, no conclusions could be drawn on 
aa concomitant increase in comorbidity. This patient group may serve as a reference 
populationn to study future changes in patient case-mix within the Netherlands. 
Furthermore,, the use of common international definitions of comorbidity is needed 
too be able to make comparisons of survival data. 



ClinicalClinical condition 21 21 

Introductio n n 

Betweenn 1981 and 1992 the number of patients on dialysis treatment for end-
stagee renal disease (ESRD) in the Netherlands has doubled.1 Despite major 
improvementss in dialysis technology, the unadjusted annual mortality rate among 
prevalentt patients increased from 10.5 to 18.8% during this same period.1 Both 
developmentss were not unique to the Netherlands, but were the expression of a 
world-widee trend. Explanations for the increase in the number of patients include 
greaterr acceptance to therapy of older and sicker patients, reduced mortality from 
otherr conditions and possibly a higher incidence of kidney disease.2 At the same 
time,, advanced age and increased comorbidity seem the obvious causes for the 
growingg mortality of prevalent patients, although a change in other patient 
characteristicss or in treatment patterns cannot be excluded. 

Thee aging and increased sickness are in part illustrated by the following figures. 
Inn the United States, the mean age of new dialysis patients has increased from 55 
yearss in 1984 to 59 years in 1992, while the incidence of diabetes mellitus as 
primaryy renal disease rose from 27 to 36% and that of hypertension from 25 to 
30%.344 In Europe, the mean age of adult patients starting renal replacement 
therapyy increased from 46 years in 1977 to 57 years in 1992, whereas the incidence 
off  ESRD due to diabetes mellitus grew from 4 to 17% and that due to renal 
vascularr disease from 7 to 14%.5 A similar trend occurred in the Netherlands,3'6 

althoughh the incidence of ESRD caused by diabetes was somewhat lower than in 
thee rest of Europe: 12% in 1992.6 

Dataa on the non-renal comorbidity of the US patients starting dialysis are 
collectedd by the United States Renal Data System. Also other investigators 
evaluatedd the incidence and sometimes the growth in the number of comorbid 
conditionss in the US 78 and Canada.9,10 Less is known on the presence of comorbid 
conditionss in Europe. Neither the registry of the European Renal Association -
Europeann Dialysis and Transplant Association (ERA-EDTA) nor the Dutch renal 
replacementt registry (RENINE) routinely collect these data. Yet, especially 
comorbidityy will influence the outcome of renal replacement therapy. Therefore, 
Khann et al. recently stated that unadjusted comparisons between survival data from 
differentt centers or countries are at best meaningless and at worse misleading 
becausee of the potential imbalances in age, comorbidity, etc., in different patients.11 

Thee same holds for the comparison of survival data over time. The aim of this 
studyy was therefore to obtain more data on the clinical condition of patients 
startingg dialysis in the Netherlands and to put these into a European perspective. 
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Subjectss and methods 

Patients Patients 
ESRDD patients older than 18 years, who started chronic dialysis as their first 

renall  replacement therapy and survived the first three months on dialysis, were 
eligiblee for the study. From 13 Dutch centers we included consecutive patients, 
whoo started dialysis between 1 October 1993 and 1 April 1995. These patients were 
participatingg in the Netherlands Cooperative Study on the Adequacy of Dialysis, 
phasee 1 (NECOSAD-1), a prospective multicenter cohort study. 

DataData collection 
PrimaryPrimary renal disease and comorbidity. Renal disease was classified according to the 

codess of the ERA-EDTA Registry. Comorbid conditions present at the start of 
dialysiss were scored. Cardiovascular disease was recorded when one of the 
followingg conditions had been present: angina pectoris, myocardial infarction, class 
II II  to IV congestive heart failure, or peripheral vascular disease. Systemic disease 
wass considered to be present in patients with diabetic nephropathy, hypertensive 
nephrosclerosis,, lupus nephritis, amyloidosis, and scleroderma. The comorbidity 
riskk for patient survival was expressed as Davies risk score,12 whereas the combined 
riskk of comorbidity and age was estimated as Khan risk score.13 

BloodBlood p^sure, Junctional status and'well-being. In hemodialysis (HD), blood pressure 
wass measured before and after dialysis over a period of two weeks. The systolic and 
thee diastolic pressures were averaged. In peritoneal dialysis (PD), blood pressure 
wass measured at a routine visit in the outpatient clinic. Mean arterial blood pressure 
wass calculated as diastolic blood pressure + 1 /3 (systolic blood pressure minus 
diastolicc blood pressure). 

Functionall  status and well-being were determined by the Karnofsky index, 
scoredd by a physician or a nurse, and by the 36-Item Short Form Health Survey 
Questionnairee (SF-36), H15 which was completed by the patients. The scales of the 
SF-366 were combined into a physical component summary score (PCS-score). 
Higherr scores in these instruments indicate a better functional status and well-
being. . 

LaboratoryLaboratory investigations. Blood tests included plasma urea, plasma creatinine, 
hemoglobin,, serum albumin, calcium and phosphate. In FiD, the blood samples 
weree taken prior to a dialysis session. 

NutritionalNutritional status. Nutritional status was assessed by the body mass index (BMI), 
percentagee of lean body mass (% LBM), serum albumin, and an estimation of 
dietaryy protein intake. Percentage of LBM was determined by measurement of 
skinfoldd thickness at four sites (biceps, triceps, subscapular and iliac) by trained 
nurses.. In FED patients these assessments took place after a dialysis session. The 
dietaryy protein intake was estimated as protein equivalent of nitrogen appearance 
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(PNA)) (in HD, PNA (g/24 hr) = 9.35 * urea generation rate (mg/min) + 0.294 * 
ureaa distribution volume (l)16; in PD, PNA (g/24hr) = 19 + 0.2134 * urea 
appearancee (mmol/24hr)17) normalized to actual body weight (nPNA). The urea 
distributionn volume (V) was determined by the formulae of Watson et al. for total 
bodyy water.18 Anthropometric parameters and serum albumin were combined to a 
malnutritionn index, corrected for age, sex, height and frame size, as described by 
Hartyy et al.,19 but without the use of the subjective global assessment. A score of 11 
orr higher was defined as severe malnutrition. 

RenalRenal Junction and therapy. In HD, urine was collected during the interdialytic 
intervall  and in PD during 24 hr. From this collection dairy urine volume, renal 
Kt/V urea,, renal creatinine clearance, and residual GFR (rGFR) were calculated. The 
latterr was defined as the mean of the urea and creatinine clearances. Hemodialysis 
K t / V ^^ was estimated using a second-generation Daugirdas formula.20 Peritoneal 
K t / V ^^ and creatinine clearance were calculated from a 24-hour diarysate 
collection.. Data on medication were collected from the medical records. 

LiteratureLiterature search. A Medline search was performed to retrieve references of 
studiess providing information on comorbidity in dialysis patients and published in 
thee English language over the period of January 1985 to June 1998. Dialysis, 
survivall  or mortality, comorb*, and adult were used as search terms. From the 
retrievedd references we selected studies that fulfilled the following criteria: 
(1)) information present on comorbid conditions at the start of renal replacement 
therapyy of ESRD patients receiving dialysis, other than data on primary renal 
diseases;; (2) no restriction made to a subgroup of the adult dialysis population; the 
onlyy selection permitted was one on treatment modality; and (3) European patient 
population. . 

AA naJytkal methods 
Demographicc and clinical characteristics were used to explain the variability of 

parameterss of nutritional state and blood pressure in multivariate linear regression. 
AA two-sided P-value less than 0.05 was considered statistically significant. 

Results s 

Demography,Demography, primary renal disease and arnorhdity 
Off  267 patients who met the inclusion criteria, 250 were included in the study 

(94%).. Eleven patients refused to participate and the physical, psychological or 
sociall  condition of six patients was so serious that collection of essential 
parameters,, such as residual renal function or anthropometry, was not possible. 
Tablee 1 shows data on demography, renal disease and comorbidity. Thirty seven 
percentt of the patients were aged > 65 years. Renal vascular disease was the most 
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Tablee 1. Demography, renal disease, comorbidity y andd risk scores (% or means (SD)). 

Factor Factor 
Demography Demography 
Age e 

Meann (years) 
>> 65 years (%) 

Sexx (% male) 
RenalRenal disease, comorbidity 
Renall  disease (% )a 

Comorbidityy (%) 
Diabetess mellitus 
Malignancy y 
Cardiovascularr disease 

Cerebrovascularr accident 
Systemicc disease 

No.. of comorbid conditions, 
off  a number of 14 (%) » 

Riskk scores * 
Khan n 

Davies s 

Currentt smoker (%) 

andand risk scores 

out t 

congestive e 

renall  vascular disease 
diabetess mellitus 

glomerulonephritis s 
other r 

ischemicc heart disease 
anginaa pectoris 

myocardiall  infarction 
heartt failure (NYHAI1I/IV ) 

peripherall  vascular disease 

0 0 
1 1 

>2 2 

loww risk 
mediumm risk 

highh risk 
gradee I (0 conditions) 

gradee II (1-2 conditions) 
gradee II I (3-4 conditions) 

577 (15) 
37 7 

58 8 

23 3 
15 5 
12 2 
50 0 

18 8 
6 6 

28 8 
15 5 
10 0 
9 9 
5 5 

17 7 
8 8 

30 0 

12 2 
29 9 
59 9 

47 7 
30 0 
22 2 
49 9 
44 4 
7 7 

28 8 

'valuess may not total 100% because of rounding off. 

Tablee 2. Blood pressure levels, functional status and well-being (% or means (SD)). 

Factor Factor 
BloodBlood pressure 

Systolicc blood pressure (mm Hg) 
Diastolicc blood pressure (mm Hg) 
Meann arterial pressure (mm Hg) 

FunctionalFunctional status and well-being 
Karnofskyy index 

SF-366 physical component summary score 

80-100 0 
70 0 

20-60 0 

1455 (19) 
833 (10) 

1044 (11) 

68 8 
16 6 
16 6 
399 (9) 
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frequentt cause of ESRD. Of the patients < 60 years, 47% had two or more 
comorbidd conditions. All patients with diabetes mellitus had one or more comorbid 
conditionss besides their diabetes. Fifty-one percent of the patients had comorbid 
conditionss according to the Davies risk score. 

BloodBlood pressure levels and functional status 
Dataa on blood pressure levels and functional status are shown in Table 2. A 

systolicc blood pressure of 160 mm Hg or higher was found in 24% of the patients. 
Systolicc blood pressure was higher in patients with hypertension/renal vascular 
diseasee or diabetes as primary renal disease. These conditions explained the 
variancee in systolic pressure for 7%. A diastolic pressure of 90 mm Hg or higher 
wass found in 32%. Diastolic pressure was lower in older patients and in those with 
aa medium or high Khan risk score. The variance explained by these variables was 
13%. . 

Thee majority of the patients had a Karnofsky index of 80 or higher, which 
meanss they were able to carry out normal physical activity. Sixteen percent scored 
600 or lower, indicating they needed at least some assistance in self-care. 

BloodBlood tests, nutritional status, renal junction and therapy characteristics 
Tablee 3 shows the results of the blood tests, and data on the nutritional status 

andd residual renal function. As expected, most patients were anemic and the mean 
serumm albumin level was in the low normal range. Multivariate analysis showed that 
dietaryy protein intake was lower in older patients and in patients with a lower 
rGFR.. Age and rGFR explained 20% of the variance, 15 % of which was 
accountedd for by the rGFR. We could not establish a relationship between rGFR 

Tablee 3. Nutritional status and residual renal function (% or means (SD)). 

Factor Factor 
NutritionalNutritional status 
Hemoglobinn (g/dl) 
Albuminn (g/1) 
Calciumm (mmol/I) 
Phosphatee (mmol/I) 
Ureaa (mmol/I) 

Creatininee (jimol/1) 
nPNAA (g/kg/24hr) 
Bodyy mass index (kg/m2) 
Leann body mass (%) 
Severee malnutrition (%) 

RenalRenal function 
rGFRR (ml/min/1.73mi) 
Renall  Kt/Vurea (/wk) 
Renall  creatinine clearance (1/wk/ 1.73m2) 
Urinee volume (ml/24 hr) 

10.88 (1.6) 
36.99 (5.4) 
2.44 (0.2) 
1.88 (0.5) 

26.22 (7.2) 
8411 (223) 

1.00 (0.3) 
23.99 (4.1) 
74.88 (8.5) 

16 6 

2.99 (2.3) 
0.66 (0.5) 
400 (32) 

6744 (583) 
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andd other parameters of nutritional state such as BMI, albumin or percent LBM. 
Att baseline, 132 patients were treated by HD and 118 patients by PD. Mean 

totall  Kt/Vurea was 3.4 (1.0) (SD)/week in HD and 2.1 (0.5) in PD. In PD, mean 
totall  creatinine clearance was 83 (29) liter/week/1.73m2. Antihypertensive 
medicationn was used by 64% and erythropoetin by 74% of the patients. Almost all 
patientss received vitamin suppletion and phosphate binders. 

LiteratureLiterature search 
Thee Medline search for studies on the comorbidity in dialysis patients resulted 

inn the retrieval of 101 documents. Seven publications out of these fulfilled the 
additionall  selection criteria.13' 2t"26 One publication, which also matched the criteria 
butt which was not found in the Medline search, was added.27 The results are 
summarizedd in Table 4. 

Discussion n 

Dataa from international registries show that patients starting dialysis have aged 
andd become sicker over the last two decades as a result of wider acceptance criteria 
too treatment. This development has major implications for the mortality, morbidity 
andd the quality of life of this group of chronically ill patients. Prevalent mortality 
ratess in the Netherlands have indeed increased since the beginning of the eighties. 
Althoughh data from the Dutch renal replacement registry, RENINE, show that the 
dialysiss population in the Netherlands is aging and that the percentage of diabetic 
patientss is growing, littl e is known on other important prognostic features of new 
dialysiss patients, such as comorbidity and other aspects of the general clinical 
condition.. The present study supplies such data for a group of 250 Dutch patients. 

TimeTime trends in comorbidity in the Netherlands 
Comparisonn of the age and primary renal disease of our patients with the 

RENINEE data (mean age 1992, 56.6 years; DM 1993-1995, 14.2%) suggests that 
ourr sample was representative for new Dutch dialysis patients in the years 1993 to 
1995.5'66 Only two other studies reported information on the comorbid conditions 
off  new Dutch dialysis patients.13,26 Struijk et al. reported a similar prevalence of 
systemicc disease in a group of patients who started PD in the late eighties26 as we 
didd in our patient population. The Dutch Nijmegen/Veldhoven (NV) subgroup in 
thee international study of Khan et al.13 comprised 267 patients starting renal 
replacementt therapy on average six years earlier than our group. This NV subgroup 
wass representative for the new Dutch dialysis patients in the late eighties with 
respectt to age? At first sight, those patients seemed more sick than ours. For a 
validd comparison with our patient group we then excluded from the NV subgroup 
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alll  patients who died in the first 90 days of RRT. As a result, the mean age in that 
subgroupp decreased to 52 years and the risk was reduced to low in 37%; medium in 
34%% and high in 29% of the patients. This still suggests more comorbidity in the 
NVV subgroup than in our patient population. However, as we did not have 
informationn on the distribution of the comorbid conditions among the NV patients 
survivingg the first three months of renal replacement therapy, our findings do not 
permitt a conclusion with regard to a development in comorbidity since 1985. 

TimeTime trends in comorbidity in Europe 
Comparisonn of our data with those of other European studies was only partly 

possible.. In a Swedish single center study, Hylander et al.21 demonstrated an 
increasee in age and a rise in the number of comorbid conditions from the sixties to 
thee eighties. Rodriguez-Cormona et al.25 of Spain also showed an increase in age, 
butt an increase in comorbidity was less obvious. All other studies reported 
combinedd data over a period lasting from 223 to 1722 years and could therefore not 
bee used to show a trend in time. 

DifferencesDifferences in casemix within Europe 
Onlyy the study reported by Khan et al.13 allowed comparison of comorbidity 

betweenn countries and centers. As they used common definitions of comorbid 
diseasee in new ESRD populations not selected for treatment modality, and 
thereforee less subject to patient selection bias, these authors could show that Greek 
patientss were younger and at a lower risk than patients from other countries.13 

Althoughh the NV subgroup had the highest percentage of high risk patients, the 
differencee with other centers was not statistically significant. 

OtherOther patient and treatment characteristics 
Otherr studies reported higher,21'28 similar2930 or lower 31"33 blood pressures than 

weree found in our patients. In the elderly patients we found a lower diastolic blood 
pressure.. This finding is consistent with the age-related changes in blood pressure 
inn the general population.34 A survey performed by the ERA-EDTA registry 
showedd that 83% of the dialysis patients were receiving antihypertensive 
medication.355 According to European standards the use of antihypertensives in our 
patientt population was therefore relatively low. 

Studiess reporting the functional status of new dialysis patients are lacking. The 
Karnofskyy index in a Dutch group of prevalent patients who had been on dialysis 
forr almost 4 years % was similar to that in ours. Another cross-sectional study was 
performedd in patients who had already been on HD for a number of years, but 
whoo were still able to participate actively in their dialysis treatment.37 In this 
selectedd group the Karnofsky index was higher than in our patients. So far, no 
Europeann data are available on the functional status and well-being of dialysis 
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patientss as assessed with the physical component summary score of the SF-36. 
DeOreoo from the United States38 reported a slightly lower score of 35 in 1000 new 
andd prevalent HD patients with a mean age of 58 years, suggesting these patients 
weree more impaired than ours. This difference may be explained by the fact that 
partt of the US patients had already been on dialysis treatment for a longer period of 
time.. However, most differences between our data and those from other studies 
remainn difficult to interpret because other studies comprised cross-sectional 
sampless of selected patients groups who were heterogeneous with respect to 
therapyy history. 

Threee months after the start of dialysis rGFR was 2.9 ml/min/1.73m2. 
Preliminaryy data from the USRDS Morbidity and Mortality study showed that 
rGFRR was 4.9 ml/min in PD patients and 3.4 ml/min in HD patients at 60 days 
afterr the start of dialysis.39 This suggests that US PD patients may have started 
dialysiss relatively early. Three studies have reported mean residual creatinine 
clearancess at the time of initiation of dialysis ranging from 4.3 to 6.9 ml/min.40^2 

Thiss corresponds to 43-70 liter/week, which is slightly higher than the residual 
creatininee clearance of 40 liter/week/1.73 m2 in our group. A part of this difference 
mayy be explained by the decrease in residual renal function during the first three 
monthss of dialysis treatment in our patients. On the other hand, the CANUSA 
studyy in PD patients reported a mean residual renal creatinine clearance of 39 
liter/week/1.73m22 at the start of dialysis.10 As the preservation of residual renal 
functionn in PD is relatively good,42 this suggests a creatinine clearance at three 
monthss after the start of dialysis similar to that in our group. 

Withh regard to nutritional state, we confirmed the findings of both Ikizler et al. 
andd Churchill who reported a decreased protein intake with diminished glomerular 
filtrationn rate.43'44 In our study rGFR explained a substantial percentage of variance 
inn dietary protein intake, but relationships with other parameters of nutritional state 
weree not found Although Churchill showed such associations in PD patients, his 
analysess were univariate and the reported correlation coefficients were very low, 
suggestingg even lower percentages of explained variance. 

Conclusions s 

Wee conclude that information on comorbidity and other characteristics of 
dialysiss patients is essential to evaluate the results of this therapy in the context of 
increasingg prevalent annual mortality rates. New Dutch dialysis patients have 
becomee older and the incidence of diabetic nephropathy has increased. However, 
ourr findings did not permit a conclusion with regard to a concomitant increase in 
comorbidity.. Our patient group was representative for new Dutch dialysis patients 
inn the period 1993-1995 and may therefore serve as a reference population to study 
futuree changes in patient case-mix within the Netherlands. Comparison with data 
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fromm other studies are complicated by the use of different definitions of 
comorbidityy and of selected patient populations. The development of common 
definitionss of comorbid conditions, preferably including the possibility to indicate 
thee severity of these conditions, as well as the use of an international standard for 
registration,, are needed. 
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Abstract t 

Purpose.Purpose. The aim of the present multicenter study was to assess quality of life of 
Dutchh dialysis patients three months after the start of chronic dialysis treatment. The 
qualityy of life was compared with the quality of life of a general population sample 
andd the impact of demographic, clinical, renal function and dialysis characteristics on 
patients'' quality of life was studied. 
Methods.Methods. New end-stage renal disease (ESRD) patients who started chronic 
hemodialysiss or peritoneal dialysis in 13 dialysis centers in the Netherlands were 
consecutivelyy included Patients' self-assessment of quality of life was measured by 
thee SF-36, a 36-item Short Form Health Survey Questionnaire encompassing eight 
dimensions:: physical functioning, social functioning, role-functioning physical, role-
functioningg emotional, mental health, vitality, bodily pain and general health 
perceptions. . 
Results.Results. One hundred twenty hemodialysis and 106 peritoneal dialysis patients 
completedd the SF-36. Quality of life of hemodialysis and peritoneal dialysis patients 
wass substantially impaired in comparison to the general population sample, 
particularlyy with respect to role-functioning physical and general health perceptions. 
Meann role-functioning physical and general health perceptions scores of the 
hemodialysiss patients corresponded with the lowest scoring 8% and 12%, 
respectively,, of the reference group. Mean role-functioning physical and general 
healthh perceptions scores of the peritoneal dialysis patients corresponded with the 
lowestt scoring 10% and 12%, respectively, of the reference group. Hemodialysis 
patientss showed lower levels of quality of life than peritoneal dialysis patients on 
physicall  functioning, role-functioning emotional, mental health and pain. However, 
onn the multivariate level, we could only demonstrate an impact of dialysis modality 
onn mental health. A higher number of comorbid conditions, a lower hemoglobin 
levell  and a lower residual renal function were independently related to poorer quality 
off  life. The variability of the SF-36 scores explained by selected demographic, 
clinical,, renal function and dialysis characteristics was highest for physical 
functioningg (29.7%). Explained variability of the other SF-36 dimensions ranged 
fromm 6.9% for general health perceptions to 15.4% for vitality. 
Conclusions.Conclusions. Quality of life of new ESRD patients is substantially impaired Comorbid 
conditions,, hemoglobin and residual renal function could explain poor quality of life 
onlyy to a limited extent. Further research exploring determinants and indices of 
qualityy of life in ESRD is warranted. From a clinical perspective, we may conclude 
thatt quality of life should be considered in the monitoring of dialysis patients. 
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Introductio n n 

Health-relatedd quality of life is a multidimensional, patient-centered, dynamic 
conceptt encompassing physical health and symptoms, functional status, mental 
well-beingg and social functioning.1 Studies comparing quality of life between 
dialysiss patients and general population samples have not yielded conclusive results. 
Somee studies have found quality of life of dialysis patients to be inferior to quality 
off  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 
peritoneall  dialysis did not indicate one of these to be clearly superior.10"13 These 
inconsistentt results may have been caused by small sample sizes and the cross-
sectionall  study design of these studies. The latter leads to heterogeneous treatment 
groupss with respect to the duration of therapy and a divergent therapy history. In 
addition,, insufficient control of background characteristics and the use of different 
definitionss and assessment methods of quality of life may have attributed to the 
inconsistentt results. Finally, it recently became clear that use of recombinant human 
erythropoietinn significantly improves quality of life.16'17 Therefore, the value of 
studiess conducted before the availability of erythropoietin that did not adjust for 
thee level of anemia, is questionable. 

Quality-of-lifee assessment in reasonable numbers of chronic dialysis patients 
withh a multidimensional, reliable and validated instrument is needed. In studies 
fromm the United States, the United Kingdom, and the Netherlands, the 36-item 
Shortt Form Health Survey Questionnaire (SF-36) has been found to satisfy these 
requirements.18"211 Moreover, the SF-36 recently has been shown to be applicable to 
dialysiss patients.2'5 However, these latter studies were conducted in limited patient 
groupss and no adjustment was made for patient and dialysis characteristics. 

Thee 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 
startedd on chronic dialysis treatment. The quality of life of these patients was 
comparedd with the quality of life of a general population sample, and demographic, 
clinical,, renal function and dialysis characteristics, associated with quality of life, 
weree identified 

Patientss and methods 

PatientsPatients and'procedures 
Betweenn 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 
dialysiss centers, were consecutively included. These 13 dialysis centers comprise 
27%% of the total number of dialysis centers that treat adult patients in the 
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Netherlands. . 
Thee following major categories of data were analyzed; demographic, clinical, 

renall  function, dialysis and quality of life. These data were collected from each 
subjectt 3 months after the start of chronic dialysis treatment. The choice for 
performingg all measurements at 3 months was made because the mode of dialysis 
treatmentt usually has stabilized by this time. Hence, measurements at 3 months are 
lesss likely to be influenced by metabolic instability than at the initiation of 
treatment. . 

D&nographic,D&nographic, dinkal, rend Junction, and dialysis characteristics 
Demographicc variables studied were age, sex, marital status, level of education 

andd employment status. Clinical characteristics comprised primary kidney disease, 
comorbidity,, use of erythropoietin, hemoglobin and serum albumin concentration. 
Renall  function and dialysis characteristics comprised residual renal function, dose 
off  dialysis in terms of dialysis-related urea clearance, and protein catabolic rate 
(PCR). . 

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

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

Quality-of-lifeQuality-of-life assessment 
Patients'' self-assessment of quality of life was measured by the MOS SF-36.18"21 

Thee SF-36 is a generic multidimensional instrument consisting of eight multi-item 
scaless representing: (1) physical functioning (extent to which health limits physical 
activitiess such as self-care, walking, and climbing stairs), (2) social functioning 
(extentt to which physical health or emotional problems interfere with normal social 
activities),, (3) role-functioning physical (extent to which physical health interferes 
withh work or other daily activities), (4) role-functioning emotional (extent to which 
emotionall  problems interfere with work or other daily activities), (5) mental health 
(generall  mental health including depression, anxiety, behavioral-emotional control, 
generall  positive affect), (6) vitality (feeling energetic and full of pep versus tired and 
wornn out), (7) bodily pain (intensity of pain and effect of pain on normal work, 
bothh inside and outside the home), and (8) general health perceptions (personal 
evaluationss of current health, health outlook and resistance to illness). SF-36 scores 
off  our ESRD population were compared with the SF-36 scores of a general Dutch 
populationn sample (n = 1,063; age range, 18-89 years; 35% male) as described by 
Vann der Zee et al.21 SF-36 scores were transformed to a scale of 0-100, a higher 
scoree indicating a better quality-of-life state. 

StatisticalStatistical analysis 
Eitherr t-statistics or chi-square statistics (Fisher's exact test, when appropriate) 

weree applied for independent groups comparisons. Differences between the mean 
SF-366 scores of the hemodialysis and peritoneal dialysis patients with those of the 
referencee population were converted to mean standard scores. Standard scores 
weree calculated by dividing the difference between a given mean SF-36 score of the 
dialysiss group and the mean SF-36 score in the reference group by the standard 
deviationn of SF-36 scores in the reference group. The standard scores indicate how 
manyy standard deviations the observed SF-36 scores of dialysis patients fall below 
thee scores of the reference population (with the scores of the reference population 
sett at zero). Univariate relationships between demographic, clinical, renal function 
andd dialysis characteristics on the one hand, and SF-36 scores on the other hand 
weree 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 
significantt characteristics (set at P < 0.20) identified from univariate analysis were 
studiedd with multiple linear regression (with a stepwise forward selection strategy), 
usingg the F-statistics with P=0.05 as the criterion level for selection. To search for 
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violationss of necessary assumptions in multiple regression, normal plots of the 
residualss of the regression models were produced. Furthermore, the influence of 
outlierss (Cook's distances) and possible presence of collinearity (Tolerance/ 
Variancee Inflation Factor statistics) were assessed. All analyses were made with SAS 
forr Windows 6.10 (SAS Institute Ine, Cary, NQ USA). 

Results s 

CharacteristicsCharacteristics of participants andnonpartmpants 
Twoo 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 
thee SF-36 because they did not speak the Dutch language sufficiently and/or were 
nott able to read and fil l out the questionnaire by themselves. Except for a lower 
proportionn of males and a lower hemoglobin level (P<0.05), nonparticipants were 
comparablee to the participants. In the participating hemodialysis patients mean age 
wass slightly higher, employment rate was lower, prevalence of malignancy was 
higher,, dialysis-related K t / V ^ was higher, and nPCR was lower than in the 
participatingg peritoneal dialysis patients (P<0.05; Table 1). 

ComparisonComparison of quality of life between the ESRD-patients and a general population sample 
Inn Table 2, mean SF-36 scores of the ESRD patients according to treatment 

modalityy and the general population sample are shown. Both hemodialysis and 
peritoneall  dialysis patients perceived their quality of life as worse than the general 
populationn sample on all quality-of-life dimensions, particularly on the role-
functioningg physical and general health perceptions dimensions. Figure 1 shows the 
differencess between the dialysis patients and the reference group expressed in 
standardd scores. Mean role-functioning physical scores of the hemodialysis and 
peritoneall  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 
dialysiss patients were 1.3 and 1.2 SD below the values of the reference group. In 
otherr words, mean role-functioning physical scores of the hemodialysis patients 
andd the peritoneal dialysis patients corresponded to the lowest scoring 8% and 10% 
off  the reference group, respectively. Similarly, mean general health perceptions 
scoress of the hemodialysis and peritoneal dialysis patients corresponded to the 
lowestt scoring 10% and 12%, of the reference population, respectively. 
Hemodialysiss patients demonstrated an impaired quality of life compared with 
peritoneall  dialysis patients with respect to physical functioning, role-functioning 
emotional,, mental health and bodily pain (Table 2). 
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Tablee 1. Dialvsis modaJnv in relation to demographic, clinical 

Demographic Demographic 
Agee (year)*, mean + SD (range) 

Male e 

MarnecT T 

Employed" " 

Educationall  status1 

Low w 
Intermediatee and high 

Clinical Clinical 
Primaryy kidney disease 
Glomerulonephritis s 
Interstitiall  nephritis 
Cysticc kidney disease 
Renall  vascular, excluding vasculitis 
Diabetess melhtus 
Otherr multisystem diseases 
Others/unknown n 

Numberr of comorbid conditions, mean + 

Typee of comorbidity 
Cardiovascular r 
Malignancy* * 
Diabetess melhtus 

Erythropoetin* * 

Hemoglobinn (g/dl)*, mean + SD (range) 

SD D (range) ) 

Serumm albumin (g/dl), mean + SD (range) 
RenalRenal function & dialysis adequacy , mean + SD (range) 

Residuall  GFR (ml/min) 

Dialvsiss Kt/Vurea* 

nPCR/nPNAA (g/kg/day)* 

andd dialvsis characteristics. 
Hemodialvsis s 

(n=120) ) 

59.33  15.5 (18-86) 

57°/, , 

68% % 

16% % 

64% % 
36% % 

10% % 
18% % 
13% % 
25% % 
13% % 
8% % 

13% % 

 1.5(0-8) 

73% % 
10% % 
16%, , 

83% % 

9.99  1.4(5.9-14.0) 

3.88  0.5 (2.7-4.6) 

3.11 6 (0.0-14.6) 

2.77 9 (0.6-5.5) 

1.00 3 (0.5-1.7) 

Peritoneall  dialvsis 
(n=106)) ' 

52.3 3 

1.9 9 

11.2 2 

3.7 7 

3.3 3 

1.5 5 

1.3 3 

+ + 

+ + 

+ + 

+ + 

14.0(20-79) ) 

65% % 

79%, , 

38% % 

52% % 
48% % 

18% % 
13% % 
10% % 
23% % 
15% % 
9% % 

12% % 

1.44 (0-7) 

73% % 
3% % 
19% % 

67% % 

1.4(7.6-14.3) ) 

0.6(2.2-5.1) ) 

2.44 (0.0-10.5) 

0.44 (0.6-2.6) 

0.44 (0.7-2.4) 

**  P<0.05, hemodialysis zs peritoneal dialysis." patients living together included. t low: primary' school, low-
levell  vocational training, low-level secondary school; intermediate and high: high level secondary school, 
intermediatee and high vocational training, university. 

AssociationsAssociations betdueen (l&ncgrapljk, clinical, renal function, ami dialysis characteristics andepiolity 
ofof life 

Univariatee associations between SF-36 scores and demographic, clinical, renal 
functionn and dialysis characteristics are shown in Tables 3 and 4. Of the 
demographicc characteristics, higher age and unemployment were associated with 
Iowrerr levels of quality of life on most subdimensions. None of the SF-36 scores 
differedd between married and unmarried patients. With respect to the clinical 
characteristics,, a lower hemoglobin and an increasing number of comorbid 
conditionss correlated with decreasing quality-of-life scores. Patients with 
cardiovascularr comorbidity scored lower on physical functioning, vitality and 
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Tablee 2. Mean (SD) SF-36 scores for the general population sample, and the hemodialysis and peritoneal 
dialysiss patients. 

Groupp No. PF*.+ SF* RP* RE*.+ MHV VT* BPv G H' 

Hemodialysiss 120 

Peritoneall  106 
dialysis s 

Generall  1,063 
population n 
sample e 

50.7 7 

(30.8) ) 

60.9 9 

(24.7) ) 

82.0 0 

(23.2) ) 

63.1 1 

(29.6) ) 

68.9 9 

(25.8) ) 

86.9 9 

(20.5) ) 

28.6 6 

(37.2) ) 

31.7 7 

(38.3) ) 

79.4 4 

(35.5) ) 

52.5 5 

(45.4) ) 

63.8 8 

(39.8) ) 

84.1 1 

(32.3) ) 

63.3 3 

(20.5) ) 

72.2 2 

(16.9) ) 

76.8 8 

(18.4) ) 

48.9 9 

(24.0) ) 

51.6 6 

(17.9) ) 

67.4 4 

(19.9) ) 

63.7 7 

(27.3) ) 

74.2 2 

(23.2) ) 

79.5 5 

(25.6) ) 

43.0 0 

(20.2) ) 

46.4 4 

(20.5) ) 

72.7 7 

(22.7) ) 

Abbreviations:: PF, physical functioning; SF, social functioning; RP, role-functioning physical; RE, role-
functioningg emotional; MH, mental health; VT, vitality; BP, bodily pain; GH, general health perceptions. 
* :: P<0.05 hemodialysis and peritoneal dialysis patients compared with the reference population. 
++ : P<0.05 hemodialysis compared with peritoneal dialysis patients. 

generall  health perceptions than patients without this condition. Diabetes mellitus 
wass associated with worse physical functioning. Patients with malignant comorbid 
conditionss reported higher levels of pain than patients without malignancy. Patients 
withh renal vascular disease or multisystem disease as the primary cause of renal 
failuree reported lower levels of social functioning and vitality than patients with 
otherr underlying causes. Of parameters of renal function and dialysis adequacy, a 
lowerr rGFR correlated with poorer quality of life on five subdimensions. The 
nPCR/nPNAA only correlated with worse physical functioning in peritoneal dialysis 
patientss and with lower vitality in hemodialysis patients. No significant univariate 
associationss were observed between dialysis Kt/Vurea and quality-of-life 
subdimensions. . 

Afterr introduction of the most important univariate associations (P<0.20) in 
multivariatee regression analysis, many of the observed relationships disappeared 
{Tablee 5). However, a higher number of comorbid conditions, a lower hemoglobin 
andd a lower rGFR remained associated with poorer quality-of-life scores. With 
respectt to dialysis modality, an effect on mental health persisted in favor of 
peritoneall  dialysis. In addition, on the multivariate level, higher age and 
unemploymentt remained only related to lower 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/nPNAA levels were associated with worse quality of life with respect to 
physicall  functioning and bodily pain. The selected characteristics explained only a 
smalll  proportion of the variability (R2) of the SF-36 scores: 6.9% to 29.7% (Table 

5)--
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Tablee 3. Mean SF-36 scores by 

Sex x 
Male e 
Female e 

Educationall  level 
Low w 
Intermediate/high h 

Employmentt status 
Employed d 
Unemployed d 

Primaryy kidney disease 
Glomerulonephritis s 
Interstitiall  nephritis 
Cysticc kidney 
Renall  vascular 
Diabetess mellitus 
Otherr multisystem 
Others/unknown n 

Diabetess mellitus 
Yes s 
No o 

Cardiovascularr comorbidity 
Yes s 
No o 

Malignancy y 
Yes s 
No o 

EPO O 
Yes s 
No o 

Dialysiss modality 
Hemodialysis s 
Peritoneall  dialysis 

demographic,, clinical and 

PF F 

51.6* * 

61.1 1 

70.2* * 
50.3 3 

60.3 3 
58.4 4 
61.1 1 
51.6 6 
44.3 3 
55.8 8 
60.9 9 

40.8* * 
58.6 6 

52.8* * 
63.0 0 

43.3 3 
56.5 5 

53.7 7 
61.1 1 

50.7* * 
56.5 5 

SF F 

74.4* * 
62.8 8 

68.1* * 
59.6 6 
73.1 1 
59.9 9 
68.8 8 
57.9 9 
77.2 2 

54.5 5 
66.6 6 

63.1 1 
68.9 9 

RP P 

38.6* * 
27.0 0 

27.6 6 
36.7 7 

dialysiss c 

RE E 

61.0 0 
52.9 9 

52.7* * 
64.9 9 

74.6* * 
52.1 1 

55.4 4 
64.4 4 

52.5* * 
63.8 8 

laracteristics. . 

MH H 

64.6* * 
71.5 5 

73.6* * 
65.3 3 

63.3* * 
72.2 2 

VT VT 

48.2 2 
52.9 9 

55.1* * 
48.4 4 

50.0* * 
51.3 3 
54.4 4 
43.1 1 
48.5 5 
50.6 6 
59.7 7 

48.0* * 
56.1 1 

BP P 

72.5 5 
67.2 2 

55.7* * 
69.5 5 

63.7* * 
74.2 2 

GH H 

43.3 3 
46.4 4 

49.1* * 
43.0 0 

39.9 9 
45.6 6 

42.6* * 
50.0 0 

43.5 5 
47.9 9 

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

Discussion n 

Neww ESRD patients' assessment of quality of life was observed to be lower 
thann that of a general population sample on all distinguished quality-of-life 
dimensions.. Because the mean age of the reference group (44 years) was lower and 
becausee SF-36 scores are negatively related with age,21 this might have resulted in a 
slightt overestimation of the difference in quality of life. When scores of the ESRD 
populationn were compared with those of the subgroup of the reference population 
agedd 55 to 64 years (n = 140), scores of both hemodialysis and peritoneal dialysis 
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Tablee 4. Pearson's correlation of SF-36 

TotalTotal population 
Age e 
Numberr of comorbid 
conditions s 
Serumm albumin 
Hemoglobin n 
rGFR R 

Hemodialysis Hemodialysis 
Dialysiss Kt/Vurea 
nPGR R 

PeritonealPeritoneal dialysis 

Dialysiss Kt/Vu™ 
nPNA A 

PF F 

-0.44* * 
-0.44* * 

0.21' ' 
0.17* * 

-0.14 4 
0.18 8 

0.38* * 

scoress with demo 

SF F 

-0.15* * 
-0.12 2 

0.18* * 
0.17* * 

0.18 8 

RP P 

-0.19* * 
-0.17* * 

0.12 2 
0.12 2 
0.17* * 

0.14 4 

graphic, , 

RE E 

-0.22* * 
-0.22* * 

0.15* * 
0.22* * 

-0.15 5 

0.14 4 

clinicall  and 

MH H 

-0.14* * 
-0.13* * 

0.18* * 

0.18* * 

dialysis s 

VT T 

-0.13* * 
-0.19* * 

0.15* * 

0.18* * 

0.20* * 

0.14 4 

characteristics. . 

BPP GH 

-0.12* * 
-0.21**  -0.23* 

0.14* * 

0.16 6 
0.199 0.16 

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

patientss were still significantly lower with the exception of bodily pain in peritoneal 
dialysiss patients. In agreement with our finding, some recent studies2"5 observed SF-
366 scores of ESRD patients to be lower than scores of a general population sample. 
Onn the contrary, other investigators7"9 have reported a comparable quality-of-life 
forr ESRD patients and general population samples. 

Multivariatee analysis showed that a higher number of comorbid conditions, a 
lowerr hemoglobin level and a lower residual renal function (rGFR) were the most 
importantt independent explanatory factors for poorer quality of life. The present 
studyy is, to our knowledge, the first to link residual renal function and amount of 
dialysiss to quality of life. The rinding that patients with a lower rGFR reported a 
worsee quality of life, while no effect of dialysis Kt/Vurea could be demonstrated, 
mightt suggest that clearance achieved by the native kidneys is superior to clearance 
obtainedd by dialysis. This could be caused by the fact that more rGFR will be 
accompaniedd by better tubular secretion of, for example, organic acids and a better 
preservedd hormonal function. In addition, deteriorating residual renal function may 
givee rise to a worse perception of quality of life by a growing awareness of 
completee dependence on dialysis. Our finding of a negative influence of a higher 
numberr of comorbid conditions and a lower level of hemoglobin concentration on 
qualityy of life is in accordance with former studies.8,10,16'17 

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

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

Alsoo Tucker et al.u found no difference in perceived quality of life between 
peritoneall  dialysis and hemodialysis patients. Simmons et al.,6 however, observed 
peritoneall  dialysis patients to report a more favorable outcome than hemodialysis 
patientss in terms of physical well-being, emotional adjustment and vocational 
rehabilitation.. Additionally, in a comparison of quality of life of peritoneal dialysis 
andd hemodialysis patients, matched for age, sex, race, diabetes and duration of renal 
replacementt therapy (regardless of modality), peritoneal dialysis appeared to be 
somewhatt superior with regard to psychological and social rehabilitation.15 On the 
otherr hand, Griffin et al.12 observed that hemodialysis patients were not more 
impairedd in terms of functional status and showed better psychological adjustment 
comparedd with peritoneal dialysis patients. However, hemodialysis patients had 
receivedd dialysis treatment for a significantly longer period of time than the 
peritoneall  dialysis patients (52 months v 29 months), and therefore may have had 
moree time to adjust their lifestyle and emotional reactions. 

Thee inconsistent results in the literature may be explained by cross-sectional 
samples,, small sample sizes, and improper adjustment for case mix. Although some 
off  the described studies adjusted for demographic variables, comorbidity, and 
lengthh of dialysis therapy, heterogeneity regarding prior history of renal 
replacementt therapy, like therapy turnover, has been hardly taken into account. It 
mayy be easily understood that a history of littl e or many therapy failures determines 
one'ss current assessment of quality of life. Moreover, application of different 
perspectivess of quality of life assessed with a variety of quality-of-life instruments, 
cann also explain this inconclusive picture. This is illustrated by Deniston et al.,24 

whoo assessed quality of life of a cross-sectional sample of 742 ESRD patients from 
Michigann State with 19 different quality-of-life instruments. Depending on the 
choicee of instrument, different conclusions were reached about the relationship 
betweenn demographic characteristics and quality of life. 

Inn conclusion, the present findings indicate that in new ESRD patients quality 
off  life is substantially impaired. Comorbidity, hemoglobin level, and residual renal 
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functionn 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 
shouldd focus more on disease-targeted indices, such as renal disease and dialysis-
relatedd problems as perceived by the patient. Furthermore, longitudinal data are 
neededd to obtain insight in the long term effects of chronic dialysis treatment on 
patients'' quality of life. We will elaborate on these issues in our future analyses. 
Fromm a clinical perspective, we conclude that quality-of-life assessment should be 
consideredd in the monitoring of a dialysis patient as it seems that quality of life can 
nott be extrapolated from conventional clinical characteristics. 
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Abstract t 

BackgroundBackground and purpose. Despite improvements in dialysis technology-, publications 
aroundd 1990 snowed increasing mortality rates in dialysis patients. The Dialysis 
Groupp of the Netherlands initiated the Netherlands Cooperative Study on the 
Adequacyy of Dialysis (NECOSAD) to investigate the association of patient and 
therapyy characteristics with outcome. 
Methods.Methods. Two hundred and fifty patients were included in this prospective multi-
centerr study 3 months after the start of dialysis. We used Cox regression to predict 
mortalityy and technique failure and repeated measures analysis of variance to study 
thee time course of continuous parameters. 
Results.Results. There were considerable differences in patient populations among dialysis 
centers.. Patient survival was 76% at two years. Technique survival was higher in 
hemodialysis.. Hospitalization decreased from 25 days between 3 to 12 months to 
199 days per patient year in the third year. Residual renal function decreased at a 
similarr rate in both modalities, but blood pressure tended to increase in females 
receivingg peritoneal dialysis. Outcome was predominandy dependent on patient 
characteristics. . 
Conclusions.Conclusions. In the light of the increasing age of patients starting dialysis, increasing 
mortalityy can be expected. Furthermore, if outcome is to play a role in the quality 
assessmentt of dialysis centers, it is essential to know the characteristics of their 
patientt populations. 
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Introduction n 

Forr patients with end-stage renal disease (ESRD), dialysis treatment is the only 
optionn to survive as long as a donor kidney is not available. The number of dialysis 
patientss has continued to increase since the treatment became available as an 
acceptedd therapy.1 At the beginning of the nineties, reports were published showing 
ann increase in the mortality of US dialysis patients.2 Data from the Dutch renal 
replacementt registry RENINE showed a similar trend for the Netherlands. Despite 
majorr improvements in dialysis technology, mortality rates had increased from 10.5 
too 18.8% in the period between 1981 and 1992.1 Advanced age and increased 
comorbidityy were the obvious causes for the increase in mortality, but a change in 
otherr patient characteristics or in treatment could not be excluded Therefore, the 
Dialysiss Group of the Netherlands (DGN), comprising all Dutch nephrologists 
involvedd in dialysis treatment, initiated the Netherlands Cooperative Study on the 
Adequacyy of Dialysis (NECOSAD). The aim of this study was to investigate the 
associationn of patient and therapy characteristics with outcome. A first cohort of 
2500 patients was included from 1993 to 1995. This paper describes the clinical 
conditionn of these patients, their treatment and outcomes, such as hospitalization, 
techniquee failure and mortality. 

Patientss and methods 

PatientsPatients and jbllow-up period 
ESRDD patients older than 18 years, who started chronic dialysis as their first 

renall  replacement therapy and survived the first 3 months on dialysis, were eligible 
forr the study. From 13 Dutch dialysis centers we included consecutive patients who 
startedd dialysis between October 1, 1993 and April 1, 1995. Informed consent was 
obtainedd from all patients. Measurements at three months after initiation of dialysis 
weree taken as baseline. These patients were followed until July 1, 1997. 

DataData collection 
Inn addition to demographic data we collected the following information. 

Primaryy renal disease was classified according to the codes of the European Renal 
Association-Europeann Dialysis and Transplant Association (ERA-EDTA) Registry. 
Comorbidityy present at the start of dialysis was scored.3 Laboratory blood 
investigationss included hemoglobin, serum albumin, calcium and phosphate. In 
hemodialysiss (HD), the blood samples were taken prior to a dialysis session. Blood 
pressuree was measured before and after each session over a period of two weeks. 
Thesee pressures were averaged. Blood pressure in peritoneal dialysis (PD) was 
measuredd at a routine visit in the outpatient clinic. Urine was collected during the 
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interdialyticc interval in HD and during 24 hours in PD. From this we calculated 
residuall  GFR (rGFR), denned as the mean of the urea and creatinine clearances 
andd expressed in ml/min/1.73m2. 

Totall  clearance of waste products (renal function plus dialysis) was expressed as 
totall  Kt/Vurea (/week). For PD patients we also collected data on total creatinine 
clearancee (liter/week/1.73m2). Data on medication use were obtained from the 
medicall  records. During follow-up dialysis related treatment characteristics were 
assessedd for patients who received that dialysis modality at 12, 24 and 36 months 
afterr the start of dialysis. 

AA nafytkal methods 
Patientss were classified according to dialysis modality at baseline; i.e. start-on-

HDD and start-on-PD. Differences in baseline characteristics were analyzed with t-
testss for continuous variables and with chi-square tests for categorical variables. A 
twoo sided P-value < 0.05 was considered statistically significant. 

Statisticall  analysis of mortality and technique failure was performed by the Cox 
proportionall  hazards model. The influence of a baseline characteristic on the 
occurrencee of an event was expressed in terms of the relative risk (RR), calculated 
ass the hazard ratio from the Cox proportional hazards model In the analysis of 
mortalityy the event was death, while transplantation was a censored observation. 
Forr the analysis of technique failure transfer to the other dialysis modality was the 
event,, censored observations were death, and transplantation. In both analyses, the 
follow-upp of patients alive and on dialysis on July 1, 1997 was censored at that date. 
Thee number of hospital admissions for the first 9 months and the third year were 
calculatedd per patient at risk at 3 and 24 months. Hospitalization rate was defined 
ass the number of days in hospital divided by the number of days alive and on 
dialysiss and expressed as hospital days per patient year. 

Repeated-measuress analysis of variance was used to assess the time course of 
continuouss parameters. To investigate the effect of dialysis modality on the time 
coursee of continuous parameters, we used an intention to treat analysis with start -
on-HDD versus start-on-PD patients, irrespective of changes in treatment modality, 
transplantss and deaths. The analysis was repeated in a per protocol manner for 
patientss who stayed on their initial dialysis modality during follow-up, i.e. stay-on-
HDD and stay-on-PD patients to assess possible effects of patient drop out during 
follow-up. . 

Results s 

PatientPatient characteristics 
Off  267 patients who met the inclusion criteria, 250 were included in the study 
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(94%).. Eleven patients refused to participate and the physical, psychological or 
sociall  condition of six patients was so serious that collection of essential 
parameters,, such as residual renal function or anthropometry, was not possible. Of 
thee 250 patients participating in the study, 132 started on HD and 118 on PD. In 
64%% of the HD patients this modality was chosen for medical reasons, whereas in 
PDD this was the case in 19%. Table 1 shows the baseline patient characteristics for 
thee entire cohort and for the groups starting on HD and PD. Patients starting on 
HDD were older and had more frequently suffered from malignant disease. They had 
higherr systolic blood pressure values, lower diastolic pressures, lower hemoglobin 
levelss and clinical parameters indicated a better nutritional status. In addition, their 
urinee volume was lower. 

Figuree 1 shows the center variation in the percentage of patients of 65 years 
andd older and the percentage of patients with comorbid conditions. The 
distributionn of the rGFR at baseline is shown in Figure 2. 

TherapyTherapy doaracteristks 
Hemodialysis.Hemodialysis. At baseline, the mean total Kt/Vurea was significandy different 

amongg centers. The upper panel of Figure 3 demonstrates that the percentage of 
patientss receiving at least three hemodialysis sessions per week and those receiving 
att least 3.6 Kt/Vurea per week almost doubled between 3 and 36 months. 

PeritonealPeritoneal dialysis. The penetration of PD at 3 months varied from 0 to 68% 
amongg centers. At baseline, 95% of the PD patients were treated by continuous 
ambulatoryy peritoneal dialysis (CAPD), but at 3 years this percentage was reduced 
too 74, due to an increase in automated PD. Other treatment characteristics of PD 
patientss over time are shown in the lower panel of Figure 3. The percentage of 
CAPDD patients receiving at least standard treatment of 8 liter per day showed only 
minorr variation. Similar to HD, the mean total Kt/Vurea and total creatinine 
clearancee differed among centers at baseline. The percentage of PD patients 
receivingg at least 2.0 Kt/V  urea or 60 liter/ 1.73m2 of creatinine clearance per week 
declinedd over time. 

Medication.Medication. More than 95% of the patients used phosphate binders at baseline 
andd during follow-up. At baseline, 64% used antihypertensive medication and 74% 
erythropoetin.. At three years, these percentages were 38 and 87. 

Mortality,Mortality, technique failure and'hospitalization 
Afterr a median follow-up time of 28 months (range, 4 to 44) there were 75 

deaths:: 27 cardio-cerebrovascular, 14 due to infection, 4 due to malignancies, 10 
patientss refused further treatment and 20 patients died of other causes. Two-year 
patientt survival was 76% and three-year patient survival was 66%. In univariate 
analyses,, a higher age and the presence of diabetes mellitus, cardiovascular disease 
andd comorbidity according to the Davies risk score were associated with a higher 
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Figuree 1. Percentage of patients of > 65 years of age and those with comorbidity according to the Davies 
riskrisk score at the start of dialysis in the entire cohort (left bars) and in each of the 13 participating centers. 
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Figuree 2. Percentage of patients with an rGFR of < 2.5, > 2.5 and < 5, and > 5 ml/min/1.73m2 at the 
startt of dialysis in the entire cohort (left bar) and in each of the 13 participating centers. 
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Figuree 3. Upper pand, percentage of HD patients over time treated with at least 3 sessions per week and 

thosee receiving a total Kt/Vurea > 3.6/week. Lower pand, percentage of CAPD patients over time treated 

withh > 8 liter of diarysate solution per day, those receiving a total Kt/Vurea > 2.0/week or a total 

creatininee clearance > 60 liter/week. 

riskrisk of death. Also a high systolic blood pressure, a low serum albumin and a low 
totall  urea appearance were univariatery associated with a higher risk of mortality. 
Thee upper panel of Figure 4 shows that in univariate analysis the patient survival on 
bothh dialysis modalities was identical. 

Tablee 2 shows that in multivariate analysis high age, the presence of 
comorbidityy according to the Davies risk score, a high systolic blood pressure and a 
loww serum albumin were risk factors for mortality. Comorbidity and serum albumin 
weree more important risk factors in the patients starting HD, whereas systolic 
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Figuree 4. Upper pond, patient survival in start-on-HD ( ) and start-on-PD ( ) patients, crude. 

LowerLower pand, patient survival in start-on-HD ( ) and start-on-PD ( ) patients, after adjustment for 
age,, comorbidity, systolic blood pressure and serum albumin levels at baseline. 

bloodd pressure was only a determinant of death in the patients starting PD. The 
lowerr panel of Figure 4 shows that, also after adjustment for the factors included in 
thee Cox model, dialysis modality was not a determinant of mortality (RR for PD, 
1.155 (95% CI, 0.70 to 1.90)). Similarly, in the analysis of the entire cohort the 
clearancee of waste products showed no association with mortality. However, a 
higherr absolute quantity of small solutes removed was associated with a reduced 
riskk of death in PD patients. 
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Tablee 2. Multivariate Cox proportional hazards model for patient survival. 

FactorFactor Relative Risk 95% Confidence 
Interval l 

Age(lyear)aa 1.04 1.01-1.06 
Comorbidityy (present)3 2.58 1.43-4.67 
Systolicc blood pressure (10 mm Hg)b 1.15 1.03-1.29 
Serumm albumin (1 g/1)b 095 0-91 - 1.00 
* P < Q . 0 1 ;b P < 0 . 05 5 

Sevenn patients who started on HD switched to PD: four because of vascular 
accesss problems, one because of frequent hypotensive periods and two because 
theyy preferred PD. Two-year technique survival on HD was 95% and three-year 
techniquee survival was 94%. The number of seven events was too low to analyze 
thee determinants of HD technique survival. 

Duringg follow-up 44 patients were transferred from PD to HD, 39 of them for 
medicall  reasons, in more than half of the cases because of peritonitis. One patient 
wass transferred for social reasons and one patient preferred HD. In three patients 
thee reasons for technique change were unknown. On PD, two-year technique 
survivall  was 64% and three-year technique survival was 53%. The relative risk of 
techniquee failure in PD was higher in patients with high systolic blood pressure, 
loww urine volume and low peritoneal ultrafiltration. 

Thee left bars in Figure 5 show the hospitalization rate for all patients. From 3 
too 12 months after the start of dialysis the hospitalization rate was 25 days (range, 0 
too 365) per patient year, 5 of which were due to dialysis related problems and 3 to 
cardiovascularr problems. These were due to 1.1 hospital admissions (range, 0 to 7) 
perr patient with a mean duration of 12 days (range, 1 to 74). The hospitalization 
ratee decreased over time to 19 days (range, 0 to 219), comprising 1.3 admissions 
(range,, 0 to 7) with a mean duration of 13 days (range, 2 to 81) during the third 
year.. However, the contributions of dialysis related and cardiovascular problems 
increasedd to 9 and 4 days. 

ResidualResidual renal function and blood pressure over time 
Ass other studies suggested an effect of dialysis modality on residual renal 

functionn we compared its time course between start-on-HD versus start-on-PD 
patients.. Both groups had a similar rGFR at baseline. In start-on-HD patients it 
decreasedd to 1.1 rnl/min/1.73m2 at two years after the start of dialysis and in start-
on-PDD patients to 1.4 ml/min/ 1.73m2. Figure 6 demonstrates that, adjusted for the 
baselinee value of rGFR, age, sex and diabetes mellitus, the decrease in rGFR was 
similarr in both groups. The per protocol analysis, comparing patients staying on 
HDD versus those staying on PD, provided similar decline rates for both groups, but 
stay-on-PDD patients had a higher rGFR at baseline and this remained so over time. 
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Figuree 5. Hospitalization rate per patient year in all patients (left bars) and in patients of 65 years or older 
(rightt bars) between 3-12 and 24-36 months after the start of dialysis. 
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Figuree 6. Change overtime in rGFR (ml/min/1.73m2) in start-on-HD ( ) and start-on-PD patients 
(( ), after adjustment for the baseline value of rGFR, age, sex and diabetes mellitus. 
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Timee after the start of dialysis, months 

Figuree 7. Change over time in systolic (SBP) (upper lines) and diastolic (DBP) (lower lines) blood 
pressuree (mm Hg) in start-on-PD females ( ) and all other patients who stayed on their initial dialysis 

modalityy ( , alter adjustment for the baseline value of blood pressure, age, diabetes mellitus and 
rGFR. . 

Bloodd pressure showed an initial dip in both start-on-HD and start-on-PD 
patientss with a slight increase thereafter. Subgroup analyses showed a different time 
coursee of blood pressure values in start-on-PD females, compared to start-on-PD 
maless and start-on-HD patients. Figure 7 shows that, adjusted for baseline blood 
pressuree values, age, diabetes mellitus and rGFR, the increase in blood pressure was 
higherr in PD females: 15 mm Hg (95% CI, 11 to 24) for systolic and 5 mm Hg 
(95%% CI, 0.3 to 9) for diastolic pressure. 

PatientsPatients of65 years of age or older 
Seventyy percent of the patients starting dialysis in this age group (N=93) had 

cornorbidd conditions according to the Davies risk score. The prevalence of diabetes 
melhtuss was 28% and that of cardiovascular disease 51%. Their rGFR at 3 months 
wass 2.6 (2.1) ml/min/1.73m2. The distribution of total Kt/Vurea in the elderly was 
similarr to that in younger patients in both dialysis modalities. 

Figuree 8 shows that the survival in these patients was lower than in the younger 
agee category with a two-year survival of 62% and three-year survival of 52% (RR 
forr 65 years or older, 2.5 (95% CI, 1.5 to 3.9)). In the first 9 months of follow-up 
theyy were admitted 1.4 times (range, 0 to 7) per patient with a mean duration of 15 
dayss (range, 1 to 74) per admission. The right bars in Figure 5 show that this 
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Figuree 8. Patient survival in patients of > 65 years of age ( ) and younger patients ( ). 

resultedd in a hospitalization rate of 43 days (range, 0 to 365) per patient year, 9 of 
whichh were due to dialysis related problems and 7 to cardiovascular morbidity. In 
thee third year on dialysis there were 1.5 admissions (range, 0 to 5) per patient with a 
meann hospital stay of 16 days (range, 2 to 81). The hospitalization rate decreased to 
266 days (range, 0 to 365) per patient year with 9 due to dialysis related and 7 to 
cardiovascularr problems. 

Discussion n 

Thiss analysis of the results of chronic dialysis treatment in the Netherlands has 
shownn that the morbidity and mortality in the dialysis population is high. Outcome 
wass predominantly dependent on patient characteristics. There was no difference in 
mortalityy between patients starting HD and PD, but a large difference in technique 
failure.. The decrease in residual renal function over time was similar in both 
modalities,, but blood pressure tended to increase in female PD patients. These 
findingss will be discussed in the following paragraphs. 

PatientPatient and therapy characteristics 
Thee case-mix differences in the patient populations of the participating dialysis 

centerss with respect to important outcome predictors, such as age, comorbidity and 
residuall  renal function were considerable. There were also differences between the 
patientt groups starting on HD and on PD, reflecting the process of patient 
selectionn for dialysis modality. 
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Thee increase in HD frequency over time demonstrates the nephrology practice 
too increase the number of sessions per week along with the decrease in residual 
renall  function. The concurrent increase in the total Kt/Vurea suggests that in HD it 
wass possible to provide a large majority of the patients for over a period of three 
yearss with a dialysis dose, that was defined as adequate in the US.4 Our data also 
suggestt that this was much more difficult in CAPD, where a decreasing renal 
functionn was associated with a decrease in the percentage of patients meeting the 
USS recommendations for total Kt/V ura and creatinine clearance.5 This may explain 
thee increasing use of automated PD. 

OutcomeOutcome in the entire cohort 
Age,, comorbidity and serum albumin levels have shown to be important risk 

factorss of death in dialysis.3,6"9 We have previously reported the importance of 
systolicc blood pressure and the removal of small solutes as risk factors of death 
amongg patients starting PD.10 In our cohort the determinants of death were 
differentt between patients starting different dialysis modalities. More studies are 
neededd to substantiate and clarify this finding. We found a similar patient survival 
inn patients starting HD and PD. Also others did not find clinically relevant 
differences,, provided appropriate correction for case-mix differences had been 
made.11,122 Some studies reported an overall survival advantage for HD13 or PD,14 

butt recently it was suggested that these differences in study results were greatly due 
too differences in statistical methodology.15 However, elderly, especially female, 
diabeticss seem to be at a somewhat higher death risk when treated with PD, 12,16,17 

whereass younger nondiabetics seem to have a slight survival advantage.17 This 
indicatess that in general patient survival is similar in HD and PD, but that 
differencess may exist in subgroups. 

Wee found that technique failure was much higher in PD, compared to HD. 
Thiss confirms the findings of others.111819 A low urine volume, a low peritoneal 
ultrafiltrationn and a high systolic blood pressure were associated with an increased 
techniquee failure in PD. In these patients, especially a combination of the first two 
mayy lead to overhydration. This indicates that in addition to peritonitis,15'11 the 
inabilityy to maintain fluid balance is a criterion in the decision for transfer to HD. 

Ourr hospitalization rates were similar to11 or slightly higher 2 "22 than those in 
otherr studies comprising patients of similar age. Hospitalization for dialysis related 
andd cardiovascular problems became increasingly important over time, whereas 
hospitalizationn for other conditions decreased, possibly because the patients 
sufferingg of those conditions died early in the course of treatment. 

Otherss have shown that residual renal function decreases at a faster rate in HD 
thann in PD.23"25 The cause of this more rapid decline in HD is not quite clear, but 
hypotensivee periods occurring during HD sessions might contribute to the effect. 
Ourr stay-on-PD patients did have a higher rGFR at 3 months compared to stay-
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on-HDD patients, but the decline rates were similar. Recent work by our group 
suggestss that the increased loss of renal function is an early effect of HD taking 
placee in the first three months on dialysis [abstract; Jansen M, Peril Dial Int 
2000;20:128].. Furthermore, another study has shown that the renal function loss in 
HDD was accelerated by the use of bio-incompatible cellulose hemodialysis 
membranes.*66 All our HD patients used cellulose derivatives and synthetic dialysis 
membranes.. This may be an additional explanation as to why we did not find a 
differencee in decline, whereas others did. 

Inn HD patients, the decrease in the use of antihypertensive medication without 
aa rise in blood pressure over time may indicate an increasing success to remove 
fluidd by the dialysis procedure itself. An early decrease in blood pressure in PD 
patientss has also been reported by other investigators.27"29 The rise we found 
thereafterr in PD females may reflect overhydration due to a decreasing residual 
renall  function over time. Moist et al. found that females were at a higher risk with 
respectt to the loss of renal function than males.2"' We did not find a sex difference 
inn the loss of rGFR or urine volume and also the increase of peritoneal fluid 
removall  over time was similar in both sexes. Therefore, a potential different time 
coursee of blood pressure in females receiving PD requires further study. 

PatientsPatients of6 5 years or older 
Att 3 months after the start of dialysis both the residual renal function in the 

elderlyy and the provided dialysis dose in terms of Kt/Vurca were similar to those in 
otherr patients. This suggests that the higher prevalence of comorbid conditions is 
ann important cause of the higher mortality and hospitalization rates within this 
group.. A study from the US reported a hospitalization rate of approximately 16 
dayss per patient year,30 whereas in a joint Canada-USA study the elderly patients 
stayedd in hospital for 29 days per year.6 It seems likely that differences in health 
caree and health insurance systems contribute to these differences in hospital stay. 

Cxyndusion Cxyndusion 
Thiss study provides insight in what happened to patients, who started dialysis 

inn the Netherlands in the middle of the nineties. Thus far, there are no indications 
thatt there are large differences in clinical outcome between hemodialysis and 
peritoneall  dialysis, with the exception of a difference in technique survival in favor 
off  HD. An association of the dialysis dose with the risk of death could only be 
demonstratedd in PD and, so far, not in HD patients. Despite a decrease over time, 
thee hospitalization rate remained substantial in the third year on dialysis with 19 
dayss per patient in the entire cohort and 26 days per patient in the elderly. In the 
lightt of increasing numbers of patients starting dialysis and their increasing age, not 
onlyy higher mortality rates are to be expected, but also a growing need for hospital 
back-upp facilities. The latter has to be taken into account, when planning new 
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dialysiss centers or extending existing ones. Furthermore, this study has shown that 
dialysiss outcome is largely dependent upon patient characteristics at the start of 
dialysis.. If outcome is to play a role in the quality assessment of dialysis centers, it is 
essentiall  to have information on the characteristics of their patient populations. 
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Abstract t 

BackgroundBackground and Purpose. Recent studies have shown an association between small 
solutee clearance and patient survival. Thus far, little attention has been paid to the 
potentiall  effects of fluid overload. The aim of this study was to determine the 
relativee importance of baseline patient and treatment characteristics to mortality 
andd technique failure in patients starting peritoneal dialysis. 
Methods.Methods. One hundred and eighteen consecutive new patients were included in this 
prospectivee multicenter cohort study. Cox proportional hazards regression was 
usedd to predict mortality and technique failure. 
Results.Results. There were 33 deaths and 44 technique failures. The two-year patient 
survivall  was 77%, and the two-year technique survival was 64%. Age, systolic 
bloodd pressure, and the absolute quantity of small solutes removed at baseline were 
independentt predictors of mortality. A one-year increase in age was associated with 
aa relative risk (RR) of death of 1.05 (95% CI, 1.01 to 1.09) and a 10 mm Hg rise in 
systolicc blood pressure with a RR of 1.42 (95% CI, 1.17 to 1.73). The removal of 1 
mmol/week// 1.73m2 of urinary and dialysate creatinine was associated with a RR of 
deathh of 0.95 (95% CI, 0.92 to 0.98) and 0.93 (95% CI, 0.89 to 0.98). The removal 
off  urea had a similar association with the RR of death. Predictors for technique 
failuree were urine volume, peritoneal ultrafiltration and systolic blood pressure. 
Conclusions.Conclusions. Dialysate solute removal was an independent predictor of mortality. The 
associationn between systolic blood pressure and mortality shows that the 
maintenancee of fluid balance and the removal of small solutes deserve equal 
attention. . 
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Introduction n 

Dialysiss prolongs the life of patients with end-stage renal disease (ESRD) by 
thee removal of excess water and waste products. Despite this, mortality rates greatly 
exceedd those in the general population.1 Several studies have shown that comorbid 
conditionss at the initiation of dialysis treatment are important predictors of 
mortality,, irrespective of the mode of dialysis therapy.2 5 Furthermore, studies in 
peritoneall  dialysis (PD) patients have documented the importance of cardiovascular 
comorbidityy and parameters of nutritional state to mortality.^9 In PD, technique 
survivall  is much lower than in hemodialysis (HD).10"13 Peritonitis remains an 
importantt cause for transfer from PD to HD.9'13,14 The risk of technique failure is 
higherr in nondiabetics,12 in patients with a low serum albumin,9'15 a low dietary 
proteinn intake7 and a low creatinine clearance.7'9 Data on the role of age are 
contradictory.7'12'13 3 

Inn analogy with HD, many investigators have tried to define adequate PD by 
parameterss of small solute removal. To date, three prospective studies have shown 
ann association between higher small solute clearances and better patient 
survival.9,14,166 This finding has resulted in the formulation of very strict minimurn 
targetss for adequate peritoneal dialysis in the United States, based on urea and 
creatininee kinetics.17 However, it has been suggested that too much emphasis has 
beenn put on the removal of small solutes while underestimating the importance of 
thee maintenance of fluid balance.18 This is supported by the growing evidence that 
highh peritoneal transport of creatinine is independently associated with lower 
patientt survival, probably by the mechanism of ultrafiltration failure.14,19"22 

However,, neither the CANUSA study9 nor the studies of Maiorca et al.16 and 
Daviess et al.14 assessed manifestations of fluid overload as potential risk factors for 
patientt survival. 

Inn the Netherlands Cooperative Study on the Adequacy of Dialysis 
(NECOSAD),, an ongoing prospective multicenter cohort study in new ESRD 
patientss starting dialysis treatment, we collected data on both solute removal and 
onn blood pressure as an indicator of fluid overload. The aim of this study was to 
determinee the relative importance of baseline patient and treatment characteristics 
too mortality and technique failure in PD patients. 

Methods s 

PatientsPatients and follow-up period 
End-stagee renal disease patients who were older than 18 years when starting 

chronicc PD, who had never received renal replacement therapy in the past and who 
hadd survived the first three months on dialysis were eligible for the study. From 13 
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Dutchh dialysis centers, we included consecutive patients who started PD between 
Octoberr 1, 1993 and April 1, 1995 after their informed consent was obtained The 
measurementt at three months after initiation of dialysis was taken as baseline. This 
patientt cohort was followed until July 1, 1997. Data on mortality and dialysis 
techniquee were obtained from the medical records by instructed nurses in the 
dialysiss centers. The causes of death were classified according to the codes of the 
Europeann Dialysis and Transplant Association-European Renal Association 
Registryy by the nephrologist taking care of the patient. At the study coordinating 
center,, these data were checked for completeness using the database of RENINE, 
thee Renal Replacement Registry in the Netherlands. 

DataData collection at baseline 
Dataa were collected on demography, primary renal disease, comorbidity, 

laboratoryy investigations, blood pressure, nutritional status, renal function, therapy 
characteristics,, such as small solute removal, fluid removal and medication, and on 
qualityy of life. Primary renal disease was classified according to the codes of the 
Europeann Dialysis and Transplant Association-European Renal Association 
Registry.. Comorbid conditions present at the start of dialysis were scored. 
Cardiovascularr disease was recorded if one of the following conditions had been 
present:: angina pectoris, myocardial infarction, class III to IV congestive heart 
failure,, or peripheral vascular disease. The comorbidity risk for patient survival was 
expressedd as the Davies risk score.8 

Systolicc and diastolic blood pressures and heart rate were measured once, at a 
routinee visit in the outpatient clinic. Mean arterial blood pressure was calculated as 
diastolicc blood pressure + 1/3 (systolic blood pressure minus diastolic blood 
pressure),, and pulse pressure as systolic blood pressure minus diastolic blood 
pressure.. A blood laboratory investigation included hemoglobin, serum albumin, 
plasmaplasma urea and plasma creatinine. Nutritional status was assessed by the body 
masss index (BMI), the percentage of lean body mass, serum albumin, and an 
estimationn of dietary protein intake. The percentage of lean body mass was 
determinedd by measurement of skinfold thickness at four sites (biceps, triceps, 
subscapularr and iliac).23 These measurements were performed by trained nurses and 
dietitians.. Serum albumin was determined by the method routinely used in the 
centers:: bromcresol green (N=5), bromcresol purple (N=7) or an immunologic 
methodd (N=l). The dietary protein intake was estimated as protein nitrogen 
appearancee (PNA (g/24hr) = 19 + 0.2134 * urea appearance (mmol/24hr))24, 
normalizedd to actual body weight (nPNA). Subsequently, anthropometric 
parameterss and serum albumin were combined to a malnutrition index, corrected 
forr age, sex, height and frame size, similar to the index described by Harty et al.2\ 
butt without the use of the subjective global assessment. A score of 11 or higher 
wass defined as severe malnutrition. 
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AA 24-hour urine collection was used to determine daily urine volume and to 
calculatee residual glomerular filtration rate, renal Kt/Vurea, renal creatinine 
clearance,, and the urinary urea and creatinine appearance. Residual glomerular 
filtrationn rate was defined as the mean of the urea and creatinine clearances. 
Peritoneall  solute removal and ultrafiltration were assessed from a 24-hourr diarysate 
collection. . 

Totall  removal of waste products (renal plus peritoneal removal) was measured 
ass clearance estimated by total weekly K t / V ^ (/week), total weekly creatinine 
clearancee (liter/week/1.73m2), and as absolute mass removal estimated by total 
weeklyy urea and creatinine appearance (mmol/week/ 1.73m2). The urea distribution 
volumee (V) was determined by the formulae of Watson et al. for total body water.26 

Thee dialysate/plasma ratio of creatinine (D/P creatinine) was calculated from the 
concentrationss of creatinine in the 24-hour diarysate and the plasma. Patients were 
classifiedd as high transporters when D/P creatinine was higher than the mean value 
pluss one standard deviation.27 Total fluid removal was estimated as urine volume 
pluss peritoneal ultrafiltration. Data on medication were collected from the medical 
records. . 

Qualityy of life was determined by the Karnofsky index28 and was scored by a 
physiciann or a nurse and by the 3 6-Item Short Form Health Survey Questionnaire 
(SF-36),29,300 which was completed by the patients. The eight scales of the SF-36 
reflectingg physical functioning, well-being and general health concepts were 
combinedd into a physical and a mental component summary score. Higher scores 
inn these instruments indicate better quality of life. 

AA naiytkd methods 
Statisticall  analysis of patient and technique survival was performed by the Cox 

proportionall  hazards model. With this technique, groups of patients can be 
compared,, while adjusting for differences in other characteristics. The influence of 
aa baseline characteristic on the occurrence of an event was expressed in terms of 
thee relative risk (RR), calculated as the hazard ratio from the Cox proportional 
hazardss model. In the analysis of patient survival the event was death, whereas 
transplantationn was a censored observation. Patients alive and on dialysis on July 1, 
19977 were censored at that date. For the analysis of technique survival, transfer to 
HDD was the event, and censored observations were patient death and 
transplantation.. Patients alive and on PD on July 1, 1997 were censored at that 
date. . 

Thee likelihood ratio test was used to determine whether the addition of a 
variablee to a model added significantly to that model. Variables significant at a P-
valuee less than 0.20 in univariate regression were presented to the model, and only 
variabless significant at a P-value of less than 0.05 were kept in the model. Initially, 
demographicc variables, primary renal disease, and different parameters of 
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comorbidityy were presented to the model by forward selection. Thereafter, 
parameterss of residual renal function, hemodynamics, nutritional status, and 
laboratoryy blood investigations were presented to the model, followed by therapy 
characteristicss such as adequacy parameters and antihypertensive medication. 
Separatee models were built for urea and creatinine removal. Finally, parameters of 
qualityy of life were presented to the models that contained all the significant 
demographicc and clinical variables and therapy characteristics. This procedure was 
repeatedd with a backward selection strategy. Subsequently, the results of both 
strategiess were compared To estimate how well the final model predicted patient 
survival,, Nagelkerke's R2 was used31 This parameter provides an estimate of the 
percentagee of explained variance, but it does not adjust for the number of variables 
usedd in the model. All analyses were performed with SAS for Windows 6.10 (SAS 
Institutee Inc., Cary, NQ USA) and SPSS for Windows 6.1.3 (SPSS Inc., Chicago, 
IL ,, USA), with the exception of Nagelkerke's R2 which was calculated on the basis 
off  the SPSS values for -2 log likelihood ratios. 

Results s 

PatientsPatients and baseline characteristics 
Onee hundred and eighteen patients were included One hundred and twelve of 

themm were on continuous ambulatory PD (CAPD), and the remaining six were on 
otherr forms of PD. The mean and median instilled diarysate volumes on CAPD 
weree 7.4 and 8.0 liter per 24 hours, with a mean glucose concentration of 2.15%. 
Dataa on demography, primary renal disease, comorbidity, hemodynamics, 
medication,, and quality of life are shown in Table 1. The baseline values for 
nutritionall  status and adequacy are shown in Table 2. Forty-nine percent of the 
patientss had a total K t / V ^ of less than 2.0 per week, and 26% a total creatinine 
clearancee less than 60 liter/week/1.73 m2. The contribution of the residual renal 
functionn to the overall creatinine clearance was almost 50%. 

Events Events 
Thee total follow-up period was 247 patient years after start of dialysis, with a 

meann of 25 months (range, 4 to 44 months). Thirty-three patients died Causes of 
deathh were classified as cardiovascular or cerebrovascular (N=ll) , infection (N=8), 
malignancyy (N=2), withdrawal from dialysis because the patient refused further 
treatmentt (N=4), and as various other causes (N=8). Forty-six patients received a 
kidneyy transplant. During the follow-up period, 44 patients were transferred to 
HD,, 39 of them for medical reasons, in more than half of the cases because of 
peritonitis.. One patient was transferred for social reasons and one patient preferred 
HD.. In three patients, the reasons for technique change were unknown. On July 1, 
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Tablee 1. Demographic and clinical factors at baseline (3 months after start dialysis) (% or means (SD)). 

Factor Factor 
Agee (years) 
Genderr (% male) 
Primaryy renal disease (%) 
Hypertensionn / renal vascular disease 
Diabetess mellitus 

Comorbidityy (%) 
Diabetess mellitus 
Cardiovascularr disease 
Daviess risk score 

Bloodd pressure (mm Hg) 

Heartt rate (/min) 
Medicationn (%) 

Qualityy of life 
Karnofskyy index 
Shortt Form-36 physical component summary score 
Shortt Form-36 mental component summary score 

gradee I (no comorbidity) 
gradee 11 (intermediate comorbidity) 

gradee III (severe comorbidity) 
systolic c 

diastolic c 
mean n 
pulse e 

antihypertensivee agents 
erythropoietin n 

544 (14) 
64 4 

23 3 
16 6 

20 0 
25 5 
52 2 
41 1 
7 7 

1422 (22) 
855 (11) 

1044 (13) 
577 (19) 
800 (13) 
66 6 
67 7 

800 (16) 
40.00 (8.7) 
46.44 (9.8) 

Tablee 2. Nutritional status and adequacy at baseline (% or means (SD)). 

Factor Factor 
Hemoglobinn (g/dl) 
Serumm albumin (g/1) 
Plasmaa urea (mmol/1) 

Plasmaa creatinine (umol/1) 
nPNAA (g/kg/24hr) 
Leann body mass (%) 
Bodyy weight (kg) 
Bodyy mass index (kg/m2) 
Severee malnutrition (%) 
Residuall  GFR (ml/min) 
Kt/Vureaa (/wk) 

Creatininee clearance (1/wk/1.73m2) 

Ureaa appearance (mmol/wk/1.73m:) 

Creatininee appearance (mmol/wk/1.73m::) 

D /PP creatinine 
Highh transpon status (%) 
Fluidd removal (ml/24 hr) 

total l 
renal l 
total l 
renal l 
total l 
unne e 
total l 
urine e 

total l 
unne e 

11.4 4 
36.0 0 
23.1 1 
804 4 

1.1 1 
76.9 9 
68.5 5 
23.1 1 
19.3 3 
3.1 1 
2.1 1 
0.6 6 
83 3 
40 0 

1671 1 
445 5 
64.3 3 
29.1 1 
0.77 7 
11.9 9 
1547 7 
771 1 

(1.5) ) 
(6.0) ) 
(7.0) ) 
(215) ) 

(0.3) ) 
(8.0) ) 
(13.0) ) 
(3.5) ) 

(2.4) ) 
(0.5) ) 
(0.4) ) 
(29) ) 
(30) ) 
(578) ) 
(380) ) 
(19.2) ) 
(20.3) ) 
(0.14) ) 

(912) ) 
[698) ) 
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1997,, 39 patients were alive, 19 of them were treated by HD and 20 by PD. 

Mortality Mortality 
Patientt survival, the stay on dialysis and the stay on PD are shown in Figure 1. 

Two-yearr patient survival was 77%, and three-year patient survival was 64%. The 
RRss of death associated with the patient and therapy characteristics are shown in 
Tablee 3. Because of the small number of patients in the subgroup with severe 
comorbidityy (Davies risk score), the subgroups of patients with intermediate and 
severee comorbidity were combined. The following variables reached statistical 
significancee at a P-value of 0.20 in univariate relations and were presented to the 
Coxx model: age, primary renal disease, cardiovascular disease, comorbidity, residual 
glomerularr filtration rate, urinary urea, and creatinine appearance, systolic blood 
pressure,, mean arterial pressure, pulse pressure, heart rate, nPNA, serum albumin, 
plasmaa urea and creatinine, total Kt/Vurea, total and dialysate urea and creatinine 
appearance,, the use of antihypertensive medication, the Karnofsky index, and the 
SF-366 physical component summary score. The final Cox proportional hazards 
modelss for patient survival obtained by forward and backward selection were 
identical.. They showed that age, systolic blood pressure, and small solute 
appearancee were all significant predictors of death. Table 4 shows the model 
containingg total creatinine appearance as adequacy parameter. Similar results were 
obtainedd when total urea appearance was used instead (RR = 0.89 (95% CI, 0.81 to 
0.97)) per 100 mmol/week/ 1.73m2). Table 5 shows that both urinary and dialysate 
creatininee appearance were independent predictors of patient survival. Again, 
similarr results were obtained when urinary and dialysate urea appearance were used, 
althoughh the latter did not reach statistical significance (RR=0.86 (95% CI, 0.74 to 
1.00)) and RR=0.91 (95% CI, 0.80 to 1.02) per 100 mmol /week/1.7 3m2). 
Analogouss to this, similar results were obtained when pulse pressure was used 
insteadd of systolic blood pressure (RR= 1.43 (95% CI, 1.15 to 1.78) per 10 mm Hg). 
Theree were only small differences in the percentage of explained variance between 
thesee models, but the model shown in Table 5 was the best one, explaining 32% of 
thee variance in mortality. 

Thee addition of parameters reflecting clearance, such as total Kt/Vurea or total 
creatininee clearance, to a model containing age and systolic blood pressure resulted 
inn RRs of less than 1.00, but without reaching statistical significance (RR=0.94 
(95%% CI, 0.85 to 1.03) per 0.1 /week and RR=0.95 (95% CI, 0.87 to 1.03) per 5 
liter/week// 1.73m2). In multivariate analysis, systolic blood pressure was not 
associatedd with mortality when ESRD was caused by hypertension or renal vascular 
diseasee (RR=1.10 (95%'CI, 0.75 to 1.61) per 10 mm Hg). Conversely, when it was 
causedd by diabetes, the effect of systolic blood pressure was more pronounced 
(RR=2.544 (95% CI, 1.10 to 5.87) per 10 mm Hg). In patients of 65 years of age and 
olderr (N=30), age did not predict survival (RR=1.02 (95% CI, 0.89 to 1.18) 
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Figuree 1. Kaplan-Meier curves for the probability of patient survival (upper line), stay on dialysis (middle 
line),, and stay on peritoneal dialysis (bottom line). Death is the event in die patient survival curve, while 
transplantationn is a censored observation. Death and transplantation are the events in die stay on dialysis 
curve.. Death, transplantation and transfer to hemodialysis are all events in the stay on peritoneal dialysis 

Tablee 3. Mortality and relative risk of death of baseline characteristics in univariate Cox regression 

Factor Factor 
Mortality y 

1%L L 
Relative e 

Risk k 
95%% CI 

DemographicsDemographics and comorbidity 
Agee (1 year)11 

Gender r 

Primaryy renal disease3 

Diabetess mellitus 

Cardiovascularr disease1 

Daviess risk score" 

RenalRenal function 
Residuall  GFR (1 ml/min)' 
Renall  Kt/Vurea (0.1/wk) 
Renall  creatinine clearance (5 1/wk/1.73m2) 
Urinaryy urea appearance (100 mmol/wk/1.73m2)a 

Urinaryy creatinine appearance (1 mmol/wk/1.73m2)a 

Urinee volume (ml/24hr) 

female e 
male e 
DM M 

HT/RVD^ ^ 
GNe e 
other r 

present t 
absent t 

present t 
absent t 
gradee I 

gradee II/II I 

0 0 
> 0 & << 1000 

>1000 0 

26 6 
29 9 
42 2 
33 3 
5 5 

28 8 
42 2 
25 5 
47 7 
22 2 
18 8 
39 9 

44 4 
28 8 
23 3 

1.06 6 
0.88 8 
ref f 

7.61 1 
6.99 9 
ref f 

5.64 4 
1.60 0 
ref f 

2.00 0 
ref f 
ref f 

2.15 5 

0.90 0 
0.96 6 
0.97 7 
0.89 9 
0.98 8 
ref f 

0.57 7 
0.50 0 

1.022 -1.09 
0.433 - 1.83 

--
0.955 - 60.86 
0.888 - 55.19 

--
0.744 - 42.76 
0.766 - 3.36 

1.00-4.00 0 

--
1.04-4.43 3 

0.766 - 1.06 
0.888 -1.05 
0.911 -1.03 
0.79-1.01 1 
0.966 - 1.00 

--
0.20-1.66 6 
0.15-1.72 2 
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Tablee 3. Continued 

Factor Factor 
Mortality y 

(%) ) 
Relative e 

Risk k 
95%% CI 

Hemodynamics Hemodynamics 
Systolicc blood pressure (10 mm Hg) *  b 

Diastolicc blood pressure (10 mm Hg) 
Meann blood pressure (10 mm Hg)J 

Pulsee pressure (10 mm Hg) i 

Heartt rate (l/min) i 

NutritionalNutritional  status 
Bodyy mass index (1 kg/m2) 
nPNA(0.1g/kg/24hr)*b b 

Leann body mass (1 %) 
Severee malnutrition 

LaboratoryLaboratory blood investigations 
Serumm albumin (1 g/l)a 

Hemoglobinn (1 g/dl) 
Plasmaa urea (1 mmol/1) * b 

Plasmaa creatinine (100 u.mol/1)a 

Therapy Therapy 

Kt/Vurea(0.l /wk) ) 

Creatininee clearance {5 1/wk/1.73m:) 

Ureaa appearance (100 mmol/wk/173m2) 

Creatininee appearance (1 mmol/wk/1.73m2) 

Highh peritoneal transpon status 

Fluidd removal (500 ml/24hr) 

Antihypertensivee medication'1 

Erythropoietinn use 

QualityQuality of life 

Karnofskyy index i 

SF-366 physical component summary score (1 point) 
SF-366 mental component summary score (1 point) 

present t 
absent t 

total3 3 

pentoneal l 
total l 

peritonea! ! 
to ta lll  b 

dialysate* * 
totall  >-b 

dii  ah/sate3 

present t 
absent t 

total l 
ultrafiltration n 

yes s 
no o 
yes s 
no o 

90-100 0 
70-80 0 
<70 0 

24 4 
26 6 

43 3 
26 6 

23 3 
38 8 
30 0 
23 3 

18 8 
33 3 
50 0 

1.25 5 
0.89 9 
1.18 8 
1.33 3 
1.03 3 

1.01 1 
0.77 7 
0.98 8 
0.79 9 
ref f 

0.94 4 
0.99 9 
0.93 3 
0.86 6 

0.93 3 
0.95 5 
0.96 6 
0.96 6 
0.88 8 
0.88 8 
0.96 6 
0.96 6 
1.55 5 
ref f 
1.02 2 
1.05 5 
0.57 7 
ref f 
1.25 5 
ref f 

ref f 
1.56 6 
2.38 8 
0.94 4 
1.02 2 

1.09--
0.66--
0.92--
1.16--
1.00--

0.91--
0.64--
0.94--
0.30--

0.89 9 
0.80 0 
0.88 8 
0.74 4 

0.85 5 
0.84 4 
0.89 9 
0.81 1 
0.81 1 
0.79 9 
0.94 4 
0.93 3 
0.64 4 

0.85 5 
0.86 6 
0.28 8 

0.58 8 

0.70 0 
0.93 3 
0.89 9 
0.98 8 

1.45 5 
1.21 1 
1.51 1 
1.54 4 
1.05 5 

1.11 1 
0.92 2 
1.02 2 
2.09 9 

0.99 9 
1.24 4 
0.98 8 
1.01 1 

1.02 2 
1.08 8 
1.03 3 
1.13 3 
0.96 6 
0.97 7 
0.99 9 
1.00 0 
3.77 7 

1.22 2 
1.27 7 
1.12 2 

2.69 9 

-3.47 7 
-6.09 9 
-0.99 9 
-1.06 6 

11 The relative risks of these parameters had a P < 0.20 in univariate analysis 
presentedd to the Cox model (results in Tables 4 and 5); b P < 0.01; c P 
hypertension/renall  vascular disease;e GN, glomerulonephritis. 

andd were subsequently 
<< 0.001; d HT/RVD, 
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Tablee 4. Multivariate Cox proportional hazards model for 
appearance. . 

Factor Factor 

Agee (1 year)J 

Systolicc blood pressure (10 mm Hg)b 

Totall  creatinine appearance (1 mmol/wk/1.73m2) > 

patientt survival using 

Relativee Risk 

1.06 6 
1.42 2 
0.95 5 

total l creatinine e 

95%% Confidence 
Interval l 

1.02-1.10 0 
1.17-- 1.73 
0.922 - 0.98 

Tablee 5. Multivariate Cox proportional hazards model for patient survival using urinary and dialysate 
creatininee appearance. 

Factor Factor 

Agee (1 year) 
Systolicc blood pressure (10 mm Hg) * 
Urinaryy creatinine appearance (1 mmol/wk/1.73m2)b 

Dialysatee creatinine appearance (1 mmol/wk/1.73m')b 

Rel l ativee Risk 

1.05 5 
1.42 2 
0.95 5 
0.93 3 

95%% Confidence 
Interval l 

1.011 - 1.09 
1.17-- 1.73 
0.922 - 0.98 
0.899 - 0.98 

11 P < 0.001; b P < 0.01 

perr year). The RRs of systolic blood pressure and creatinine appearance in this 
groupp were similar to those found in the total study population. 

TechniqueTechnique failure 
Two-yearr technique survival was 64%, and the three-year technique survival 

wass 53% (Fig. 2). In multivariate Cox regression using a forward selection strategy, 
totall  fluid removal was the only significant predictor of technique failure (RR=0.79 
(95%,, 0.68 to 0.93) per 500 ml per 24hr). Backward selection resulted in a Cox 
modell  with systolic blood pressure (RR=1.22 (95% CI, 1.05 to 1.41) per 10 mm 
Hg),, urine volume (>0 and <1000 ml/24hr, RR=0.49 (95% CI, 0.19 to 1.31); 
>10000 ml/24hr, RR=0.13 (95% CI, 0.04 to 0.48)), and peritoneal ultrafiltration 
(RR=0.733 (95% CI, 0.61 to 0.87) per 500 ml/24hr). These three variables explained 
16%% of the variance in technique failure. 
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Figuree 2. Kaplan-Meier curve for the probability of technique survival. Transfer to hemodialysis is the 
event;; death and transplantation are censored observations. 

Discussion n 

Usingg a Cox proportional hazards model, we prospectively studied the effect of 
baselinee covariates such as patient and treatment characteristics on patient and 
techniquee survival in a cohort of 118 new PD patients. Age, systolic blood 
pressure,, and urinary as well as dialysate creatinine appearance at three months 
afterr the start of dialysis were independent predictors of patient survival. These 
fourr parameters explained the variance in mortality for 32%. 

Inn the general population high blood pressure is a risk factor for cardiovascular 
morbidityy and mortality. Several studies have shown a relationship with stroke,32 34 

coronaryy heart disease 33"35 and cardiovascular death.34'36 In the older population, 
thee risk of complications of cardiovascular disease is dominated by the systolic 
bloodd pressure.37 Recent studies have shown that borderline isolated systolic 
hypertension344 and high pulse pressure 38 are also associated with an elevated risk of 
cardiovascularr death. Furthermore, treatment of isolated systolic hypertension 
reducess cardiovascular morbidity and mortality.39'40 In PD patients, Foley et al. have 
shownn a relationship between mean arterial blood pressure and cardiovascular 
morbidity,, but they could not establish an association between mean arterial blood 
pressuree and death.41 However, data from our study and from other studies 4'42 did 
showw a relationship between hypertension and death. The data from our study and 
thatt of Kemperman et al.42 also suggest that the effect of blood pressure on 
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survivall  is primarily mediated by the systolic pressure, as has been suggested for the 
elderlyy in the general population.37,42 The prevalence of systolic hypertension in 
ESRDD patients is high.43 In these patients, two specific causes of systolic 
hypertensionn are often present: increased arterial stiffness and fluid overload.44"4 

Arteriall  stiffness increases pulse wave velocity, thereby causing early wave 
reflections.. Consequently, reflected pressure waves reach the ascending aorta 
duringg systole instead of during diastole, which results in elevated systolic and 
decreasedd diastolic blood pressure.47,48 Fluid overload, a condition often present in 
PDD patients,49,50 causes an elevation of the systolic blood pressure and to a lesser 
extentt also of the diastolic blood pressure.51 In this study it is not possible to 
distinguishh between arterial stiffness and fluid overload as the cause of systolic 
hypertension.. However, high systolic blood pressure may accelerate large artery 
stiffnesss and thus perpetuate a vicious cycle.52 A rise in systolic pressure increases 
thee left ventricular afterload as well as the oxygen demand,47,48 and is related to left 
ventricularr hypertrophy.53 The latter condition is a predictor of mortality in ESRD 
patients.2,544 A reduction of the systolic blood pressure, by pharmacological therapy 
orr by the active treatment of fluid overload, may therefore be an important 
approachh to reduce the risk of death in PD patients. 

Off  the parameters representing small solute removal, both creatinine and urea 
appearancee were independent predictors of death, but creatinine appearance was 
slightlyy more powerful. However, the relative mortality risks associated with 
Kt/V ureaa and creatinine clearance did not reach statistical significance. These 
findingss make a case for the use of absolute mass removal parameters as markers of 
adequacyy instead of clearance parameters, provided plasma urea and creatinine are 
nott extremely high. Such an approach has been suggested previously.55"57 The 
clearancee concept, relating the solute mass transported across the membrane to the 
plasmaa concentration, has been developed to characterize the quality of a 
membrane,, but not to estimate the removal of waste products. Creatinine 
appearancee depends on both muscle mass and creatinine transport. In the 
CANUSAA study, creatinine appearance was used to calculate lean body mass.9,58 

Everyy percent of decrease in lean body mass, indicated by a lower creatinine 
appearance,, was associated with a 3% increase in the risk of death. We chose not to 
usee the percentage of lean body mass calculated by creatinine appearance as a 
parameterr of nutritional status because a number of patients in our study 
populationn had values of more than 100%. Moreover, lean body mass calculated by 
anthropometryy was not associated with patient survival, neither in univariate nor 
multivariatee analysis. The results of our study clearly indicate that small solute 
removall  by dialysis and small solute removal by residual renal function are both 
associatedd with a lower risk of death. A reduction in the risk of death by dialysis, 
separatee from the influence of residual renal function, could neither be shown for 
peritoneall  Kt/Vurea or peritoneal creatinine clearance in a recent reanalysis of the 
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CANUSAA data [abstract: Bargman JM, Pent Dial Int 18(Suppl 1):S12, 1998], nor 
forr peritoneal Kt/Vurea in a recently published study by Davies et al.14 

Previouss studies have found that comorbid conditions,2,4"9 serum albumin 
concentration,2,4,6,99 and parameters of nutritional status6,7,9 were all independent 
predictorss of survival in PD patients. We have not been able to confirm these 
results,, which is possibly due to a lack of statistical power. Relatively small studies 
suchh as this one may obtain nonsignificant results, whereas in reality a weak 
relationshipp does exist (Type II statistical error). However, despite this limited 
numberr of patients we were able to detect clinically relevant prognostic factors. An 
additionall  explanation for the lack of statistical significance of known prognostic 
factorss in the multivariate Cox model in our study may also be the fact that age, 
systolicc blood pressure and small solute removal partly explain their variance. 
Potentiall  causes in the case of specific parameters are discussed in the following 
paragraphs. . 

Inn our study, comorbidity risk was expressed by the Davies risk score, which 
takess into account both the presence and the type of comorbid conditions. 
Comorbidityy risk in relation to mortality may, however, better be expressed by an 
indexx that also considers the severity of comorbid conditions. The development of 
suchh an index would also improve the comparability of data between registries,59 as 
itt provides information on the case-mix of the group of patients under study.60 

Ourr data confirm the results of a previous Dutch single center study in PD 
patients,, in which serum albumin was only associated with patient survival in 
univariatee analysis but not in multivariate analysis.61 They also confirm the results 
off  Davies et al., who found that the association of plasma albumin with survival 
wass not statistically significant in multivariate analysis.14 In both these studies the 
numberr of patients was also relatively small. In case of serum albumin, the lack of 
statisticall  significance in our study may also have been caused by the use of 
differentt laboratory methods. 

Inn contrast to what has been suggested in some recent other studies,14,19"22 high 
transporterss of creatinine were not at a higher death risk in multivariate analysis. 
Wee determined D/P creatinine from 24-hour dialysate instead from a standard 
four-hourr peritoneal equilibration test This may have obscured a potential 
relationshipp between transport status and patient survival, because these methods 
producee different results despite a high Pearson correlation.62 However, also in the 
CANUSAA study peritoneal transport status was only borderline significant as a 
predictorr in the analysis restricted to patient survival.22 The fact that parameters of 
fluidd removal did not predict patient survival may be attributed to our lack of 
informationn on the fluid intake of the patients. 

Urinee volume, peritoneal ultrafiltration and systolic blood pressure were 
independentt predictors for technique failure, although they could explain its 
variancee for only 16%. This is probably due to the fact that peritonitis and other 
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technicall  complications during follow-up accounted for a majority of the technique 
failures.. These are not necessarily related to patient or therapy characteristics at 
threee months after the start of dialysis. However, our finding suggests that the 
inabilityy to maintain fluid balance is one of the criteria in the decision for transfer 
too HD. Relative early transfer to HD of patients with fluid overload may also be 
onee of the reasons why the presence of a high transport status was not associated 
withh an increased risk of death in our study. 

Itt can be concluded that high systolic blood pressure, an indicator of arterial 
stiffnesss and fluid overload, was associated with an increased RR of death. 
Furthermore,, small solute removal was an independent predictor of mortality. Both 
thee renal and the peritoneal component were associated with the risk of death. 
Creatininee appearance, reflecting both body composition and creatinine transport, 
wass a slightly more powerful predictor than urea appearance. The results of this 
studyy therefore show that both the maintenance of fluid balance and the removal 
off  small solutes deserve equal attention in the treatment of PD patients. 
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Abstract t 

BackgroundBackground and Purpose. Malnutrition is a risk factor for mortality in the dialysis 
population.. So far, prospective studies comparing the time course of nutritional 
statuss (NuS) in new hemodialysis (HD) and peritoneal dialysis (PD) patients have 
nott been published. The aims of this study were to compare the time course of NuS 
inn patients starting HD or PD and to identify the baseline determinants of that time 
course. . 
Methods.Methods. In this prospective mulücenter cohort study, data were collected from 3 
(baseline)) to 24 months after the start of dialysis. Repeated measures analysis of 
variancee was used to establish the time course of NuS. Differences were adjusted for 
baselinee characteristics. 
Results.Results. Two hundred and fifty consecutive new patients were included, 132 started 
onn HD and 118 on PD. Univariate analysis demonstrated a decrease in serum 
albuminn (SA) in HD and an increase in PD. Body fat increased, lean body mass did 
nott change. The protein equivalent of nitrogen appearance (PNA) normalized to 
ideall  weight decreased in PD after one year. In multivariate analysis, SA at 2 years 
wass 2.0 g/1 (95% CI, 0.3 to 3.8) higher in start-on-PD patients. The increase in body 
fatt was 3.2 kg (95% CI, 1.6 to 4.9) higher in PD females than in others. Diabetics 
gainedd 2.3 kg (95% CI, 0.6 to 4.1) more fat than nondiabetics. Kt/V ura did not affect 
thee time course of NuS, but a higher K t ^ was associated with a higher SA at 24 
months. . 
Conclusions.Conclusions. NuS at the start of dialysis, sex and diabetic status might be considered in 
makingg the choice for dialysis modality. Furthermore, providing a higher K t ^ may 
improvee protein metabolism. 
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Introduction n 

Malnutritionn is a risk factor for morbidity and mortality.1"3 Many studies have 
shownn that its prevalence in the dialysis population is high, up to 50 to 60%.w A 
numberr of prospective studies have investigated the evolution of nutritional 
parameterss over time in either hemodialysis (HD)8,9 or peritoneal dialysis (PD) 
patients.7'10144 Only one prospective study compared the time course of nutritional 
statuss between HD and PD patients, but these were prevalent patients, already on 
dialysiss for almost three years.b Prospective studies comparing the evolution in 
nutritionall  status over time in new HD and PD patients have not been published. 
Therefore,, our aims were (1) to compare the time course of nutritional parameters in 
patientss starting HD or PD and (2) to identify the baseline determinants of that time 
course. . 

Patientss and methods 

PatientsPatients and follow-up period 
ESRDD patients older than 18 years, who started chronic dialysis as their first 

renall  replacement therapy and survived the first 3 months on dialysis, were eligible 
forr the study. From 13 Dutch dialysis centers we included consecutive patients who 
startedd dialysis between October 1, 1993 and April 1, 1995. Informed consent was 
obtainedd from all of them. The measurements at three months after initiation of 
dialysiss were taken as baseline. During follow-up nutritional status was assessed at 6, 
12,, 18 and 24 months after the start of dialysis. 

DataData collection 
Inn addition to demographic data we collected the following baseline information. 
RenalRenal disease and comorbid conditions. Primary renal disease was classified according 

too the codes of the European Renal Association-European Dialysis and Transplant 
Associationn (ERA-EDTA) Registry. Comorbidity present at the start of dialysis was 
scored.. The number of comorbid conditions was expressed as Davies risk score: 
gradee I: no comorbid conditions; grade II: 1 or 2 comorbid conditions; and grade 
III :: > 2 comorbid conditions.16 

LaboratoryLaboratory investigations. Laboratory blood investigations included hemoglobin, 
serumm albumin, plasma phosphate and plasma bicarbonate. In HD, the blood 
sampless were taken prior to a dialysis session. 

NutritionalNutritional status. Nutritional status was assessed by the body mass index (BMI), 
bodyy fat, lean body mass, serum albumin, and the protein equivalent of nitrogen 
appearancee (PNA). All patients were advised by a dietitian, but there was no 
commonn diet prescription. Body fat and lean body mass were estimated by 
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anthropometryy from the sum of thickness of the biceps, triceps, subscapular and 
iliacc skinfolds17 by trained nurses. In HD patients these assessments were performed 
afterr a dialysis session. Subsequently, the observed lean body mass was divided by 
thee predicted lean body mass, defined as the 50th percentile of persons of the same 
agee and sex18 and expressed as percentage (LBM o/p (%)). Serum albumin was 
determinedd by the method routinely used in the centers: bromcresol green (BCG) 
(N=5),, bromcresol purple (BCP) (N=7) or an immunologic method (N=l). The 
meann lower limit of the reference values was 36 g/1 for the BCG method, 34 g/1 for 
thee BCP and 39 g/1 for the immunologic method. The following equations were 
usedd for the calculation of PNA: (1) PNA (g/24 hr) = 9.35 * urea generation rate 
(mg/min)) + 0.294 * urea distribution volume (1) in HD19 and (2) PNA (g/24hr) = 19 
++ 7.62 * urea nitrogen appearance (g/24hr) in PD.20 PNA was normalized in three 
ways:: to actual (nPNA), to standard (nPNAs) and to ideal18 (nPNAi) body weight. 
Thee urea distribution volume (V) was determined by the formulae of Watson et al. 
forr total body water.21 Underweight was defined as a BMI less than 20 kg/m2, 
overweightt as a BMI between 25 and 30 kg/m2 and obesity as a BMI higher than 30 
kg/m2.. Loss of appetite during the past three weeks was scored on a 5-point Likert 
scale22,, graded 0 (not at all) to 4 (very severe). Nutritional status assessments at 
follow-upp included serum albumin, BMI, body fat, lean body mass and nPNAi. 

BloodBlood pressure. Blood pressure was measured before and after each hemodialysis 
sessionn over a period of two weeks preceding baseline. These pressures were 
averaged.. Blood pressure in PD was measured at a routine visit in the outpatient 
clinic.. Also during follow-up blood pressure values were recorded to study the 
potentiall  interference of changes in hydration status over time with the measurement 
off  anthropometric parameters. 

RenalRenal junction. Urine was collected during the interdialytic interval in HD and 
duringg 24 hours in PD. From this we calculated residual GFR (rGFR), renal 
Kt/V urw,, renal Kturea, urinary urea appearance and renal urea and creatinine clearance 
att baseline. Residual GFR was denned as the mean of the urea and creatinine 
clearancess and expressed in ml/min/1.73m2. 

TherapyTherapy characteristics. HD K t / V ^ at baseline was estimated using a second-
generationn Daugirdas formula.23 Peritoneal Kt/Vurea was calculated from a 24-hour 
dialysatee collection. Total clearance of waste products (renal function plus dialysis) 
wass expressed as total weekly Kt/Vurra, total weekly Ktura and as total weekly urea 
appearance.. All HD membranes were synthetic or cellulose derivatives. 

AA natytkd methods 
Patientss were classified according to dialysis modality at baseline: start-on-HD 

andd start-on-PD. Differences in baseline characteristics among these groups were 
analyzedd with one way analysis of variance for continuous variables and with chi-
squaree tests for categorical variables. A two sided P-value < 0.05 was considered 
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statisticallyy significant. Results are presented as means (SD), unless stated otherwise. 
Thee time course of nutritional status was assessed in an intention to treat 

analysis.. During follow-up the patients remained in the start-on-HD or the start-on-
PDD group, irrespective of modality switches, deaths or transplants. Repeated-
measuress analysis of variance was used to assess changes in nutritional status over 
timee (time effect), differences in nutritional status among groups (group effect) and 
interactionss between changes in nutritional status by time and group (time by group 
effect).. To study the effect of treatment modality, we adjusted for the baseline values 
off  nutritional parameters, to address the possibility that differences in nutritional 
statuss may have influenced modality choice. In addition to this, we identified other 
potentiall  confounders by including them as covariates in the analysis of variance. 
Factorss that were univariately associated at a P-value < 0.20 were considered for 
multivariatee adjustment. Based on these findings and data from the literature, we 
decidedd to include age, sex, diabetic status and residual GFR in a uniform model to 
applyy to all nutritional parameters, in addition to their baseline value. With this 
multivariatee model, we calculated mean effects with their 95% confidence intervals 
(95%% CI). To search for violations of the assumptions made in multiple regression, 
wee produced normal plots of the residuals. These showed a normal distribution for 
alll  models. 

Too identify groups with a different evolution of nutritional status, we performed 
subgroupp analyses. In addition, we investigated the potential relationship with 
parameterss of dialysis dose at baseline, i.e. total and dialysate Kt/Vurea, Kturea and urea 
appearance.. In these analyses the rGFR within the model was replaced by the 
complementaryy renal factor of the parameter studied; e.g. the effect of dialysate 
Ktt was adjusted for renal Kt„ r„ . The effects of urea removal at baseline were 

Ureaa / uicd. 

studiedd separately in the start-on-HD and start-on-PD groups. 
Too study the influence of selective drop-out (deaths and transplants) and 

modalityy switches, we repeated the repeated-measures analysis of variance on a stay-
on-treatmentt basis, i.e. in patients who stayed on their initial dialysis modality for the 
entiree period of 24 months. 

Alll  analyses were carried out with SAS for Windows 6.12 statistical software 
(SASS Institute Inc., Cary, NC, USA). The repeated measures analysis of variance was 
performedd with the PROC mixed procedure. This procedure provides maximum 
likelihoodd estimates for missing values on the basis of previous values of the same 
patientt and the time course of the parameter in other patients. 

Results s 

BaselmeBaselme characteristics 
Twoo hundred and fifty patients participated in the study, 132 of them started on 
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HDD and 118 on PD. During follow-up 72 stayed on HD, 40 on PD, 25 (4 HD and 
211 PD) changed dialysis modality, 60 (26 HD, 34 PD) received a transplant, 2 
recoveredd renal function (2 HD) and 51 (28 HD, 23 PD) died. In the entire cohort 
thee mean baseline serum albumin level was 36.9 (5.4) g/1. A value below 35 g/1 was 
presentt in 32% of the patients. The mean BMI was 23.9 (4.1) kg/m2. Sixteen percent 
off  the patients were underweight, 27% were overweight and 7% obese. Twenty six 
percentt had an nPNAi less than 0.8 g/kg/24hr. 

Thee baseline characteristics of the start-on-HD and start-on-PD groups are 
shownn in Table 1. Patients who started on HD were older than those who started on 
PDD and they had lower hemoglobin levels. Several parameters indicated that 
nutritionall  status was slightly better in HD patients and fewer of them complained 
off  a moderate to severe loss of appetite. In addition, HD patients had lower 
bicarbonatee levels, a higher systolic and a lower diastolic blood pressure and, as 
expected,, their values representing total urea removal were higher. 

NutritionalNutritional status over time: univariate analysis 
Figuree 1 shows the crude changes in nutritional status over time in the two 

groups.. Serum albumin levels in the start-on-HD group showed a modest decrease 
duringg the second year (P < 0.05). PD patients had lower levels at baseline, which 
increasedd over time (P <0.01). The BMI increased in both modalities, but in HD this 
wass not statistically significant. There was a slight, statistically non significant rise in 
bodyy fat in HD and a larger one in PD (P<0.01), but no change in lean body mass. 
Inn PD nPNAi showed a temporary increase followed by a decrease. 

NutritionalNutritional status over time in start-on-HD versus start-on-PD patients: multivariate analysis 
Figuree 2 compares the time course of nutritional parameters in the start-on-HD 

andd the start-on-PD groups, adjusted for their baseline value, age, sex, diabetic status 
andd rGFR. At 24 months the serum albumin levels were 2.0 g/1 (95% CI, 0.3 to 3.8) 
higherr in patients who started on PD, compared to those who started on HD. With 
respectt to the other nutritional parameters, the differences in time course between 
thee treatment modalities were small and not statistically significant. 

Wee then compared PD females to all other patients, as subgroup analyses 
suggestedd that their change in nutritional status was different from that of others 
(timee by sex effect for body fat: P=0.10; due to a more pronounced increase in 
femaless in the start-on-PD group). PD females had a lower BMI at baseline than 
otherr patients (22.4 (4.4) vs. 24.1 (4.0) kg/m2; P<0.05). In addition, they had lower 
serumm albumin levels (35.4 (6.7) vs. 37.3 (5.1) g/1; P<0.05). The mean increase of 
BMII  and body fat over time was 1.5 kg/m2 (95% CI, 0.7 to 2.3) and 3.2 kg (95% CI, 
1.66 to 4.9) higher in PD females than in the other patients. These increases were 
higherr over the entire BMI range, from underweight to obese PD females. The time 
coursee of serum albumin was not different from that of others. 
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Tablee 1. Baseline characteristics of patients according to initial dialysis modality (mean (SD) or %). 

Start-on-HDD Start-on-PD P-value 
(N=132)) (N = 118) 

Demography Demography 
Age,, years 
Male,, % 
Caucasian,, % 

RenalRenal disease and comorbidity 
Primaryy renal disease, % 
Diabetess mellitus 
Glomerulonephritis s 
Vascular r 
Other r 

Diabetess mellitus, % 
Comorbidity,, grade 11/ II I % 

NutritionalNutritional status, blood pressure and adequacy 

599 (16) 
53 3 
93 3 

544 (14) 
64 4 
92 2 

<aoi i 

14 4 
9 9 

23 3 
54 4 
17 7 
54 4 

16 6 
16 6 
23 3 
45 5 
20 0 
47 7 

ns s 
ns s 

Hemoglobin,, g/dl 
Serumm albumin, g/1 
Plasmaa phosphate, mmol/1 
Bodyy weight, kg 
Bodyy mass index, kg/m2 

Underweight,, % 
Bodyy fat, kg 
Leann body mass o/p, % 
PNA,, g/24hr 
nPNA,, g/kg/24hr 
nPNAi,, g/kg/24hr 
nPNAs,, g/kg/24hr 
Moderate/severee loss of appetite, % 
Plasmaa bicarbonate, mmol/1 
Metabolicc acidosis, % 
Systolicc blood pressure, mm Hg 
Diastolicc blood pressure, mm Hg 
rGFR,, ml/min/1.73m2 

Ureaa appearance, mmol/wk/1.73m2 

Kturea,, i/wk 

Kt/Vurea,, /wk 

urinary y 
total l 

residual l 
total l 

residual l 
total l 

10.2 2 
37.8 8 

1.9 9 
69.1 1 
24.5 5 

14 4 
18.9 9 

101.2 2 
69 9 

0.99 9 
0.96 6 
1.11 1 

5 5 
20.6 6 

85 5 
148 8 
81 1 
2.9 9 
391 1 

2109 9 
22 2 

122 2 
0.6 6 
3.4 4 

(1.4) ) 
(4.6) ) 
(0.5) ) 
(14.8) ) 
(4.4) ) 

(7.9) ) 
(12.8) ) 
(23) ) 
(0.26) ) 
(0.29) ) 
(0.28) ) 

(3.5) ) 

(16) ) 

(9) ) 
(2.5) ) 
(343) ) 
(600) ) 
(19) ) 
(34) ) 
(0.5) ) 
(1.0) ) 

11.4 4 
36.0 0 

1.7 7 
68.5 5 
23.1 1 

19 9 
15.9 9 

100.3 3 
71 1 

1.07 7 
0.99 9 
1.15 5 

12 2 
26.0 0 

15 5 
143 3 
85 5 
3.0 0 

445 5 
1671 1 

22 2 
75 5 
0.6 6 
2.1 1 

(1.5) ) 
(6.0) ) 
(0.5) ) 
(13.0) ) 
(3.5) ) 

(6.7) ) 
(11.4) ) 
(20) ) 
(0.28) ) 
(0.25) ) 
(0.30) ) 

(3.8) ) 

(22) ) 

(11) ) 
(2.2) ) 
(380) ) 
(578) ) 
(18) ) 
(19) ) 
(0.5) ) 
(0.5) ) 

<aooi i 
<aoi i 
<Q001 1 
ns s 

<aoi i 
ns s 

<aoi i 
ns s 
ns s 

<ao5 5 
ns s 
ns s 
<0.05 5 

<aooi i 
<aoi i 
<ao5 5 
<aooi i 
ns s 
ns s 

<aooi i 
ns s 

<aooi i 
ns s 

<aooi i 

Att baseline, the BMI of diabetics was higher than that of non-diabetics: 25.3 
(4.3)) vs. 23.6 (4.0) kg/m2 (P<0.05). Their serum albumin level was 35.0 (5.1) g/1 
comparedd to 37.4 (5.3) g/1 in nondiabetics (P <0.01). The mean increase of body fat 
overtimee was 2.3 kg (95% CI, 0.6 to 4.1) higher in diabetics, compared to non-
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Figuree 1. Change over time in serum albumin 
(g/1),, BMI (kg/W), body fat (kg) and nPNAi 
(g/kg/24hr)) in univariate analysis, according to 
dialysiss modality at baseline: (D) start-on-I ID and 

)) start-on-PD patients ''means, 95% CI). 

1,11 -

1.00 -

0.99 -

E E 

33 6 12 18 24 

Timee after the start of dialysis, months 

Figuree 2. Change over time in serum albumin 
(g/l),, BMI (kg/W), body fat (kg) and nPNAi 
(g/kg/24hr)) after adjustment for the baseline 
valuee of the nutritional parameter, age, sex, 
diabetess mellitus and residual GFR: (a)start-on-
HDD and («)stan-on-PD patients (means,95%CI). 
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diabetics.. The time course of BMI and serum albumin was similar in these groups. 
Afterr multivariate adjustment, there was no effect of baseline total or dialysate 

K t / V ^^ on the time course of nutritional status in any of the dialysis modalities. 
However,, start-on-HD patients with a total Kturea higher than 124 liter/week had 3.4 
g/11 (95% CI, 1.1 to 5.6) higher serum albumin levels at the end of follow-up than 
patientss with a lower K t ^ (upper panel Figure 3). Dialysate K t ^ was a determinant 
off  the time course of serum albumin. Total urea appearance was also associated with 
thee evolution of serum albumin in the start-on-HD group, but less strong than total 
K t ^ .. A similar association with respect to Kturea was found in the start-on-PD 
group:: patients with a total K t ^ higher than the median of 75 liter/week had 2.7 g/1 
(95%% CI, 0.3 to 5.1) higher serum albumin levels than those with lower total K t ^ 
levelss (lower panel Figure 3). In these patients we did not find an independent effect 
off  dialysate K t ^ . The time course of BMI, body fat or lean body mass was not 
affectedd by urea removal in either dialysis modality. 

Theree was no difference in the time course of total body weight between start-
on-HDD patients using synthetic membranes (N=62) or cellulose derivatives (N=70). 
Norr was there an association of bicarbonate levels at baseline with the subsequent 
timee course of serum albumin levels, BMI or lean body mass in HD or PD. 

NutritionalNutritional status over time in stay-on-HD versus stay-on-PD patients: multivariate analysis 
Too study the influence of selective drop-out and modality switches, we also 

performedd a multivariate stay on treatment analysis, i.e. stay-on-HD versus stay-on-
PDD patients. This analysis showed similar results, compared to the intention to treat 
analysiss with one exception. In contrast to the intention to treat analysis, the time 
coursee of serum albumin was similar in both groups. 

Discussion n 

NutritionalNutritional status over time: hemodialysis 
Inn the only other prospective study in new HD patients so far, Parker et al. have 

shownn that body weight increased in patients using a bio-compatible synthetic 
dialysiss membrane, whereas it remained stable in patients on cellulose membranes.8 

Ourr data did not show a difference between patients using synthetic membranes and 
cellulosee derivatives. They also showed a rise in serum albumin in the first 18 
monthss after the start of dialysis, irrespective of the membrane used. In our HD 
patientss serum albumin remained constant up to 12 months, followed by a gradual 
decrease.. Parker et al. did not report K t ^ values, but in the light of our findings the 
increasee of serum albumin might have been due to a higher K t ^ . 



98 98 ChapterChapter 4 

Figuree 3. 

UpperUpper pand. Change over time in serum albumin 
(g/1)) of the start-on-HD patients with a total 
Kt unaa (o) < 124 liter/week and ) > 124 liter/ 
weekk after adjustment for the baseline value of 
serumm albumin, age, sex and diabetes mellitus 
(means,, 95% CI). 

LowerLower pond. Change over time in serum albumin 
(g/1)) of the start-on-PD patients with a total Kt um 

(o)) < 75 liter/week and ) > 75 liter/week after 
adjustmentt for the baseline value of serum 
albumin,, age, sex and diabetes mellitus (means, 
95%% CI). 

NutritionalNutritional status over time peritoneal dialysis 
Thee improvement of nutritional status over the first two years of dialysis in our 

stay-on-PDD patients confirmed the data from previous prospective studies in new 
PDD patients.7'10'12"14 

NutritionalNutritional status over time: baseline determinants in start-on-HD and start-on -PDpatients 
DialysisDialysis modality. Adjusted for other covariates, there was a difference in the time 

coursee of serum albumin levels in favor of the start-on-PD patients and a larger gain 
inn body fat in PD females. Pollock et al. studied the evolution of nutritional status in 
bothh dialysis modalities with an initial cross-sectional assessment after almost 4 years 
onn dialysis in HD patients and after less than 2 years on dialysis in PD patients.15 In 
theirr population, anthropometric and total body nitrogen measurements suggested 
thatt nutritional status was better on PD, whereas serum albumin levels were lower, 
comparedd to HD patients. Total body nitrogen tended to fall over time in HD, but it 
increasedd in PD patients. All other studies comparing HD and PD patients lack 
follow-up.6,24~266 Some authors concluded that there were no modality differences in 
nutritionall  status. b Others found that PD patients had lower serum albumin values, 
24,255 a higher body weight,24 more body fat,25 a lower BMI,26 a higher protein intake,24 

andd that they were more often malnourished.24,2'' All these studies could not 
distinguishh whether these differences should be attributed to differences in case-mix, 
therapyy history or to a modality difference. 

Serumm albumin g/L 
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Sex.Sex. In line with our findings, other studies reported a larger impact of PD on 
thee nutritional status of females compared to males.10,12 This finding may be 
explainedd by the peritoneal glucose absorption, which may have a more pronounced 
effectt in women, whose caloric demand is generally lower than that of males. 
Tzamaloukass et al. have shown that fluid retention in PD patients is often 
accompaniedd by increased blood pressure values.27 Therefore, we analyzed blood 
pressuree values during follow-up to gain support for our assumption that we had 
measuredd a difference in the gain of body fat and not in hydration status. In PD 
females,, the mean increase in systolic pressure over time was 15 mm Hg (95% CI, 11 
too 24) and that in diastolic pressure 5 mm Hg (95% CI, 0.3 to 9), whereas in other 
patientss blood pressure remained stable. Therefore, a part of the observed gain in 
bodyy fat was probably not fat, but water and due to a larger fluid retention. 
However,, no studies are available suggesting a sex difference in peritoneal 
ultrafiltration. . 

DiabetesDiabetes meüitus. The prevalence of malnutrition in diabetics depends upon the 
typee of diabetes within the population studied as well as on the definition used for 
malnutrition.. Studies comparing the time course of nutritional status in diabetics and 
nondiabeticss are lacking. Cross-sectional studies have demonstrated a higher 
prevalencee of malnutrition in diabetics,24 especially in insulin dependent diabetics.28 

Ourr diabetic patients, approximately 55% of whom had type II diabetes mellitus, 
hadd lower serum albumin levels but a higher BMI than nondiabetics, which 
increasedd further during follow-up. An analysis of the blood pressure values showed 
nonn significant differences in time course: a mean increase of 7 mm Hg (95% CI, -2 
too 16) in systolic pressure and a mean decrease of 2 mm Hg (95% CI, -3 to 6) in 
diastolicc pressure in diabetics compared to nondiabetics. This makes a large 
componentt of overhydration in the observed weight gain less likely. 

DialysisDialysis dose. The CANUSA study showed a relationship between changes in 
dialysiss adequacy (defined as total K t / V ^ and creatinine clearance) and changes in 
nutritionall  status of PD patients.7 However, Flanigan et al. found littl e evidence that 
thee efficiency of peritoneal dialysis had a major influence on nutritional status.29 A 
cross-sectionall  analysis by Frankenfield et al. showed that a low urea reduction ratio 
wass associated with a high BMI and a low serum albumin level in HD. They 
concludedd that a prospective study was required to determine, whether an increase in 
deliveredd dialysis dose would affect serum albumin concentration.30 In such a 
prospectivee study in HD patients with negligible residual renal function, randomized 
forr dialysis dose, Kloppenburg et al. showed that a relationship between dialysis 
Kt/VV  r„  and nutritional status was absent.31 However, correction for the urea 
distributionn volume can flaw the relationship between K t ^ and clinical outcome. 
Thiss would explain why an effect of K t ^ on the time course of serum albumin 
couldd be demonstrated in our relatively small study, whereas no effect of Kt/Vurea 

wass detected, potentially due to a lack of statistical power. 
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MetabolicMetabolic acicbsis. Others have demonstrated beneficial effects of the correction of 
metabolicc acidosis on body weight, midarm circumference13 and on protein turnover 
333 in CAPD patients. Also in HD protein turnover was reduced by a correction of 
metabolicc acidosis.34 However, in keeping with the findings of Graham et al. we did 
nott detect an association between acid-base status and a change in BMI34 or lean 
bodyy mass.33'34 

OdderOdder factors. In recent years malnutrition has been linked to inflammation.3^ 
Proinflammatoryy cytokines may cause muscle wasting and hypoalbuminemia and 
increasee serum concentrations of C-reactive protein (CRP). The latter was shown to 
bee an even better predictor of death than serum albumin.36 We did not measure 
markerss of inflammation in our patients. Hence, we were not able to correct for 
potentiall  baseline differences in inflammatory state. 

NutritionalNutritional status over time: stay-on-HD and stay-on-PDpatients 
Inn the intention to treat analysis we found a difference in the time course of 

serumm albumin in favor of patients starting on PD. However, in the stay-on-HD 
versuss stay-on-PD analysis, comparing patients staying on their initial dialysis 
modalityy during follow-up there was no modality difference. There are two potential 
explanations:: an effect of selective drop-out in the stay-on-HD versus stay-on-PD 
analysis,, or an effect of the different laboratory methods used to measure serum 
albumin. . 

Too study the effects of selective drop-out on these results, we analyzed the 
distributionn of the initial dialysis modalities within the groups of deceased patients, 
dialysiss switchers and transplant recipients. More patients starting on PD were 
presentt in the groups of modality switchers and transplant recipients. As serum 
albuminalbumin levels tended to increase in these two groups, the exclusion of these groups 
fromm the stay on treatment analysis resulted in a lower increase in the stay-on-PD 
group. . 

Itt is unlikely that a difference in laboratory methodology has influenced the stay-
on-PDD versus stay-on-HD analysis, as the time course of serum albumin was 
correctedd for baseline levels. However, in the intention to treat analysis the drop out 
mightt have been different for the various laboratory methods. The percentage of the 
usee of BCG remained constant in start-on-PD patients, but increased from 42 to 
57%% in the start-on-HD group. As the BCG method provides higher serum albumin 
levelss than BCP,37,38 this indicates that the difference in the intention to treat analysis 
wass even higher than reported. 

Ourr data indicate that starting-on-PD would result in higher serum albumin 
levelss at two years. However, they have to be interpreted with caution. This was an 
observationall  stud)7 without randomization for dialysis modality. Unmeasured case-
mixx differences at baseline may have had an impact on outcome, e.g. on the way 
serumm albumin levels reacted to the improvement of uremia. Secondly, differences in 
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outcomee may be due to a difference in dialysis adequacy instead of to a modality 
difference. . 

Conclusion Conclusion 
Thiss prospective study presents data on the time course of nutritional status of 

patientss in the first two years on dialysis. At the start of dialysis, the energy stores of 
thesee patients seemed less affected than their protein metabolism. In general, there 
wass a slight further improvement in energy stores over time. Serum albumin levels 
increasedd in patients who started on PD. Diabetics and PD females gained more 
bodyy fat than other patients, although increased blood pressure values in the latter 
groupp suggested that a part of the weight gain was due to fluid retention. Dialysis 
dose,, defined as Kt/V urei, did not affect the time course of serum albumin, but a 
higherr Kturea at baseline was associated with a higher serum albumin at two years 
afterr the start of dialysis. There were no relationships between dialysis dose and an 
increasee in energy stores. 

Mostly,, dialysis modality choice is made on the basis of patient preference and 
medicall  criteria. The results of this study implicate that the nutritional status at the 
startt of dialysis, together with the patient's sex and diabetic status, are among the 
factorss to consider when a choice for one of the dialysis modalities is made. Patients 
whosee energy stores are low may benefit to a larger extent from PD, whereas this 
treatmentt may have undesirable effects in overweight or obese females and diabetics. 
Furthermore,, the results of this study indicate that Kturea may be a better measure of 
dialysiss dose than K t / V ^ and that the patient's protein metabolism may be 
improvedd by providing a higher KturtM. 
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Abstract t 

BackgruimdBackgruimd and purpose. Information on the longitudinal quality of life (QL) of 
patientss treated by different dialysis modalities is lacking. Therefore, we performed 
aa prospective cohort study on the QL over time in hemo (HD)- and peritoneal 
dialysiss (PD) patients. 
Methods.Methods. New chronic dialysis patients from 13 Dutch dialysis centers were 
consecutivelyy included. The patients' self-assessment of QL was measured with the 
SF-366 form at 3, 6, 12, and 18 months after the start of dialysis treatment. 
Results.Results. Out of 230 patients who completed the QL questionnaire at least once, 139 
patientss stayed on their initial dialysis modality, 26 patients switched dialysis 
modality,, 35 patients were transplanted, 28 patients died and two patients had 
recoveryy of renal function. The QL of patients who died during the study period 
wass considerably worse at baseline and worsened at a faster rate than in the other 
patientt groups. In patients who stayed on their initial dialysis modality, the physical 
QLL decreased over time, whereas the mental QL tended to remain stable. After 
adjustmentt for the initial value of QL and comorbidity, a consistently favorable 
effectt of HD on physical QL over time was found compared with PD, whereas 
mentall  QL values remained similar. Parameters of adequacy of dialysis were not 
associatedd with QL over time. 
Conclusion.Conclusion. This prospective cohort study shows that physical QL over time in HD 
patientss is better than in PD patients. 
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Introduction n 

Studiess on the outcome of dialysis over time have mainly focused on mortality. 
Thesee studies suggest that younger patients as well as those with less comorbidity,10 

aa better nutritional status, and a greater small solute removal3,4,6 tend to live longer. 
Resultss on which dialysis modality provides the highest survival rate are 
conflicting.7,8 8 

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

Withh a few exceptions,10"14 information from the literature on QL of dialysis 
patientss is derived from cross-sectional studies. These few longitudinal studies 
examinedd only hemodialysis (HD) patients13,12 or compared QL before and after 
kidneyy transplantation.1UJ'14 Moreover, the interpretation of these studies is limited 
becausee of small sample sizes, and no or insufficient adjustment for case mix. 
Consequently,, no information is available on the long-term QL of patients treated 
byy different dialysis modalities. 

Againstt this background, the objective of our multicenter study was to assess 
thee QL of a cohort of new chronic HD and peritoneal dialysis (PD) patients at 3, 6, 
122 and 18 months after the start of dialysis with an established QL tool. 

Methods s 

StudyStudy population 
End-stagee renal disease (ESRD) patients older than 18 years starting chronic 

dialysiss who had never received renal replacement therapy in the past and who had 
survivedd the first three months on dialysis were eligible for the study. From 13 
Dutchh dialysis centers we included consecutive patients who started dialysis 
betweenn October 1, 1993 and April 1, 1995 after their informed consent was 
obtained.. These patients were participating in the Netherlands Cooperative Study 
onn the Adequacy of Dialysis, phase 1 (NECOSAD-1). Dialysis treatment was 
prescribedd by the individual patient's physician. 

DataData collection 
Att baseline, that is, three months after the start of dialysis, information was 

collectedd on demography, underlying kidney disease, comorbid status, nutntion.il 

http://nutntion.il
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status,, hemoglobin, use of erythropoietin (EPO), residual renal function, and 
dialysiss adequacy. The QL was assessed at baseline and at 6, 12, and 18 months 
afterr the initiation of chronic dialysis treatment. 

Thee underlying kidney disease was classified according to the codes of the 
Europeann Dialysis and Transplant Association-European Renal Association 
Registry.. Comorbidity was defmed in terms of presence of conditions not directly 
relatedd 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 
comorbidityy and to a lesser extent advanced age. This classification was described 
byy Khan et al.2 The low-risk group in this classification comprised patients less than 
700 years old with no comorbid illness; the medium-risk group included patients 
betweenn 70 and 80 years of age and patients less than 80 years of age with one or 
moree of the following diseases: angina, myocardial infarction, cardiac failure, 
chronicc obstructive airways disease, pulmonary fibrosis, or liver diseases (cirrhosis, 
chronicc hepatitis), peripheral vascular and cerebrovascular disease, and patients less 
thann 70 years of age with diabetes mellitus. The high-risk group comprised patients 
moree than 80 years of age, patients of any age with two or more organ dysfunctions 
inn addition to ESRD, and patients of any age with visceral malignancy. In addition, 
patientss were classified according to the presence or absence of diabetes mellitus 
andd cardiovascular conditions (angina pectoris, myocardial infarction, class III to 
IVV congestive heart failure or peripheral vascular disease). 

Thee nutritional status was assessed by the body mass index, percentage of lean 
bodyy mass, serum albumin, and an estimation of dietary protein intake. The 
percentagee of lean body mass was estimated by anthropometry from the sum of 
thicknesss of the triceps, biceps, subscapular, and suprailiac skinfolds, by the 
methodd of Durnin and Womersley. Because skin turgor and hydration may affect 
subcutaneouss skinfold thicknesses, measurements in HD patients were made after 
dialysiss when the patient was at dry weight. The dietary protein intake was assessed 
ass protein catabohc rate [PCR; in HD: PCR (g/24hr)=9.35 * urea generation rate 
(mg/min)) + 0.294 * urea distribution volume (1); in PD: PCR (g/24hr) = 19 + 
0.21344 * urea appearance (mmol/24hr)]15'16 normalized to actual body weight 
(nPCR).. The urea distribution volume (V) was determined by the formulae of 
Watsonn et al.17 Subsequently, anthropometric parameters and serum albumin were 
combinedd to a malnutrition index, corrected for age, sex, height and frame size, 
similarr to the index described by Harty et al.,18 but without the use of subjective 
globall  assessment. A score of 11 or higher was defined as severe malnutrition. 

Renall  function was estimated as the residual glomerular filtration rate (rGFR), 
renall  K t /V^ , and renal creatinine clearance. The rGFR was defined as the mean 
renall  clearance of urea and creatinine. 

Thee total removal of waste products (renal and dialysis) was measured as 
clearancee estimated by total weekly Kt/Vurea and total weekly urea appearance in 
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HDD and PD patients. In PD patients, the total weekly creatinine clearance and the 
totall  weekly creatinine appearance were calculated. HD Kt/Vurea was estimated 
usingg a second-generation Daugirdas formula.19 Peritoneal Kt/V urea and creatinine 
clearancee were calculated from a 24-hour dialysate collection. 

Thee HD patients collected all urine during an interdialytic interval. Blood 
sampless were taken before and after the dialysis session preceding the interval and 
att the end of this interval. The PD patients collected 24-hour urine and dialysate. A 
bloodd sample was taken immediately after the collection period. 

Thee patients' perception of their level of QL was assessed with the 36-item 
MOS-Shortt Form Health Survey Questionnaire (SF-36 ).20 The SF-36 is a generic 
multidimensionall  instrument consisting of eight multi-item scales representing 
physicall  functioning, social functioning, role-limitations caused by physical 
problems,, role-limitations caused by emotional problems, mental health, vitality, 
bodilyy pain, and general health perceptions. The scale scores were transformed to a 
00 to 100 scale, with a higher score indicating a better QL. Subsequently, the scale 
scoress were standardized to the scale scores of an age-matched general Dutch 
populationn sample (n=775, age range 45 to 74; 66% male).21 Finally, the physical 
andd mental components of the eight scales were combined into a physical (PCS) 
andd mental (MCS) component summary score.22 The PCS primarily reflects the 
dimensionss 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 
meann of 50 and a standard deviation of 10 in the general population sample. The 
reliabilityy and validity of the SF-36 has been extensively supported in various 
demographicc and patient populations, including ESRD patients.20'23"25 In our 
population,, internal consistency coefficients (Chronbach alphas) of the SF-36 scales 
rangedd between 0.73 and 0.93. 

DataData analysis 
Patientss were classified in the following categories: (1) patients who started and 

stayedd on HD throughout follow-up, (2) patients who started and stayed on PD 
throughoutt follow-up, (3) patients who switched their dialysis modality one time or 
more,, (4) patients who were transplanted, and (5) patients who died. Patients who 
switchedd their dialysis modality and died later on were classified as deceased (N=5); 
patientss who switched from one dialysis modality to the other and later underwent 
transplantationn were classified as transplanted (N=l). 

Differencess in baseline characteristics between groups were analyzed with one-
wayy analysis of variance in the case of continuous variables and with chi-square 
testss for categorical variables. 

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

Too study the influence of selective drop-out, the repeated-measures analysis of 
variancee was repeated on an intention-to-treat basis, that is, according to the initial 
dialysiss modality irrespective of modality switches, transplantation, and death 
duringg follow-up. 

Thee descriptive analyses were carried out using SPSS for Windows 8.0 software 
(SPSSS Inc., Chicago, IL, USA). The repeated-measures analysis of variance was 
performedd with the mixed procedure of SAS for Windows 6.12 statistical software 
(SASS Institute Inc., Cary, NC, USA). The mixed procedure fits mixed linear 
models,, that is, models with both fixed and random effects. A mixed model is a 
generalizationn of the standard linear model, the generalization being an ability to 
analyzee data with several sources of variation instead of just one. 

Results s 

BaselineBaseline doaracteristics of patients 
Outt of 250 included patients, 230 patients (121 HD, 109 PD) completed the 

QLL questionnaire at least once. Reasons for nonresponse and characteristics of 
nonresponderss have been described previously.26 Two patients whose renal 
functionn recovered were excluded from this analysis. From the remaining 228 
patientss (119 HD and 109 PD) 139 patients stayed on their initial dialysis modality 
(844 HD and 55 PD) and 26 (5 HD and 21 PD) patients switched dialysis modality. 
Thirty-fivee (15 HD and 20 PD) patients were transplanted, and 28 (15 HD and 13 
PD)) patients died during the 15 months of follow-up. Reasons for a switch from 
PDD to HD were mainly peritonitis (N= 11), catheter problems (N=2), other medical 
reasonss (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 HD patients switched to PD 
becausee of shunt problems (N=3), inability to endure the HD procedure (N=l), 
andd the patient's own choice (N= 1). 

Baselinee characteristics of these patients are presented in Table 1, which shows 
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thatt the transplanted patients were younger and less ill , whereas the deceased 
patientss were older and most severely Ü1. Significant differences were found 
betweenn the five groups with respect to age, Khan's comorbidity-age index, 
cardiovascularr comorbidity, diabetes mellitus, body mass index, albumin, 
hemoglobin,, use of EPO and the renal creatinine appearance rate (all P<0.05). 

Thee baseline physical and mental QL of all patient groups was significantly 
lowerr than the corresponding values of an age-matched general population sample. 
Thee QL of stay-on-PD and transplanted patients was 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 
patientss on the one side and deceased patients on the other side were significant 
(P=0.001). . 

QiidityQiidity of life over time 
Inn Figure 1, the physical and mental QL during follow-up is displayed for all 

patientss according to their stay on mode of renal replacement therapy. Because 
follow-upp was discontinued after transplantation, no QL assessment can be given at 
188 months in the subgroup of patients who were transplanted during the study 
period. . 

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

Thee initial value of mental QL in the patients who died before the end of the 
studyy period was considerably lower than the stay-on-dialysis and transplanted 
patientss and deteriorated rapidly with time. Patients who switched from dialysis 
modalityy also reported a lower mental QL at baseline but showed an inconsistent 
patternn of change during follow-up. The mental QL over time of patients who were 
transplantedd during the study period was similar to the stay-on-PD patients. Mental 
QLL scores of both stay-on-dialysis and transplanted patients were closer to the 
generall  population norm than their physical QL scores. 

Statisticall  analysis of the QL over time was restricted to the stay-on-HD and 
PDD patients, because of the small number of patients and the high drop-out rate in 
thee other categories. 

PhysicalPhysical QL over tune: stay-on-HD versus stay-on-PD patients 
Overall,, a statistically significant decline in the physical QL over time was 

observedd (18 -vs. 3 months, -1.9 points; 95% CI, -3.3 to -0.5, P=0.02; Figure 1). This 
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ooo Ĵ x; 

OO °° 
TT II 

&3, &3, OO L/~> 
s£>s£> ITi 

<N N 
"-1 1 

^ ^ 
«N N 
'-' ' 

ftS ftS 
r--. . 
CM M 

-55 --S 
OO O ' t -- sO 

r ^^ (N ^ ' t r -
ff  f** i l \ CM >—« 

inn CM 

.oo -O ^  ^  ^o ^  ^ 
5"" d̂  sO (N ?- r^ o _ 
\ DD vD K (N o \ , ft i—< \0 

r*11 (T-
ONN r«S 

mm oo 

1C< < 
irii H' 

aPP c£ q <̂  ^  X 1 ^  "*"• 

^fT T „CMM CM 

S?? ^ ^ f- 5s X ^ ^ -

*: *: 

: § ^ ^ 



QualityQuality of life 113 113 

Q Q 

a,, II 
£3J J 

* * 

Q Q 
GG ir-
99 n 
&--

Ü Ü 

ai i 

e e 

> > 
£ £ 

-* * 
8 8 

-73 3 
L; ; 

HH as * * Ö Ö 
~X ~X 
3 3 

~H ~H 
Li i 

HH Pi 
r j j 

-̂  ^ 
n n 

"3 3 
i j j 



114 114 ChapterChapter 5 

Stay-on-PD D 
Stay-on-HD D 
Dialysiss switchers 
Transplanted d 
Deceased d 

a a 

'S S 

75 5 
O--

M M 
C C 
a a 
5 5 

50 0 

47.5 5 

45 5 

42.5 5 

40 0 

37.5 5 

35 5 

32.5 5 

30 0 

27.5 5 

--

--

't t 
- B -- Stay-on-PD 
- ^ —— Stay-on-HD 
-^Z—— Dialysis switchers 

t-- Transplanted 
--- Deceased 

_ _ 
99 12 

Month ss after star t dialysi s 

15 5 18 8 

Figuree 1. Change over time in physical and mental summary quality of life (QL) according to the stay on 
modee of renal replacement therapy (means +_ standard errors). QL values are normalized to a general 
populationn mean of 50 and a standard deviation of 10 (that is, a T-score metric, as discussed in the 
Methodss section). 
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declinee tended to be more pronounced in PD compared to HD patients (time-
treatmentt interaction effect, P=0.06). When a correction was applied for 
differencess in the baseline physical QL, a significant treatment effect was found: 
Patientss on HD did better compared to PD with a mean difference over time of 2.3 
pointss (95% CI, 0.3 to 4.3, P=0.03). This adjustment for the baseline QL value did 
nott change the time effect, whereas the borderline significant time-treatment 
interactionn effect disappeared. These effects remained stable after additional 
correctionn for other baseline characteristics that were univariately related (P<0.20) 
too the physical QL over time (age, comorbidity-age index, diabetes mellitus, 
hemoglobin,, and albumin; Figure 2). Only the comorbidity-age index contributed 
significantlyy to this model: patients with a medium or high comorbidity-age index 
weree consistently more impaired compared with patients with a low comorbidity-
agee index (mean difference overtime, -2.7 points; 95% CI, -4.7 to -0.6, P=0.01). 

Analysiss of the four individual scales that compose the physical QL summary 
scoree indicated that the time effect was concentrated in the physical functioning 
scalee (18 vs. 6 months, -6.7 points; 95% CI, -10.2 to -3.2, P=0.001) and somewhat 
lesss in the general health perceptions scale (18 ztf 6 months, -4.9 points; 95% CI, 
-8.22 to -0.5, P=0.02), whereas the treatment effect was concentrated in the bodily 
painn dimension (PD vs. HD: -7.8 points, 95%CI: -14.9 to -0.7, P-0.03). No time-
treatmentt interaction effects were observed for the individual subdimensions 
(furtherr details of the individual SF-36 scales over time are shown in Table 2). 

MentalMental QL over trnie: stay-an-HD versus stay-on-PD patients 
Noo overall significant decline in the mental QL over time could be 

demonstrated,, although there appeared to be a slight decline in PD toward the end 
off  follow-up (Figure 1). There was no significant difference in the mental QL 
betweenn HD and PD, and this result did not change after correction for the 
baselinee mental QL. An additional correction for other baseline characteristics that 
weree univariately related (P<0.20) to mental QL over time (comorbidity-age index, 
cardiovascularr comorbidity, residual GFR, renal urea appearance, renal creatinine 
appearance,, and the renal Kt /V^ J did not change these results either (Figure 2). 
Onlyy cardiovascular comorbidity contributed significanuy to this model Patients 
withh cardiovascular comorbidity had a lower mental QL (mean difference over 
time,, -3.0 points; 95% CI, -5.7 to -0.3, P-0.03). 

Althoughh no time effect was observed in the mental QL summary score, an 
inspectionn of the composing scales revealed a significant time effect in the social 
functioningg and vitality scale. Both QL subdimensions showed a deterioration with 
timee (social functioning 18 vs. 6 months, -5.2 points, 95% CI, -9.3 to -1.1, P=0.047; 
vitalityy -4.3 points, 95% CI, -7.5 to -1.2, P=0.03) (Table 2). Neither a treatment nor 
aa treatment-time interaction effect was observed in any of the mental 
subdimensionss (further details of the individual SF-36 scales overtime are shown 



116 116 ChapterChapter 5 

50 0 

45 5 

o o 

O" " 

40 0 

35 5 

50 0 

Stay-on-HD D 
Stay-on-PD D 

45 5 

o o 

40 0 

35 5 

Stay-on-HD D 
Stay-on-PD D 

_L L _L L 
66 9 12 15 

Month ss afte r star t dialysi s 

18 8 

Figuree 2. Change over time in physical and mental summary quality of life (QL) of the stay-on-HD and 
thee stay-on-PD patients adjusted for the baseline value of QL and comorbid status (means + standard 
errors).. QL values are normalized to a general population mean of 50 and a standard deviation of 10 (that 
is,, a T-score metric, as discussed in the Methods section). 
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inn Table 2). 

Intentim-to-ttmtIntentim-to-ttmt analysts 
Additionally,, we assessed the change over time in physical and mental summary 

QLL with an intention-to-treat approach. Regarding the physical QL, a significant 
declinee in course of time was observed (18 vs. 3 months, -2.0; 95%CI, -3.2 to -0.8, 
P<0.01).. No statistically significant treatment effect nor a different change pattern 
overr time was observed between HD and PD patients. After adjustment for 
baselinee differences in physical QL and comorbid status (comorbidity-age index) 
thee physical QL of HD patients was still favorable to that of PD patients (HD vs. 
PDD 1.6; 95% CI, 0.04 to 3.2, P=0.04), whereas the time effect remained unchanged 
(188 vs. 6 months, -2.0; 95%CI, -3.2 to -0.8, P <0.01; Figure 3). 

Noo change over time in the mental summary QL was observed for both 
treatmentt groups. HD patients reported a consistently lower mental QL at all time 
pointss compared with 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 
cardiovascularr comorbidity this treatment effect disappeared (Figure 3). 

Discussion n 

Thiss study explored the relationship between dialysis modality and the physical 
andd mental QL during the first 18 months of renal replacement therapy. In line 
withh findings in other dialysis patients,6*27 the mental QL appeared closer to normal 
thann the physical QL. In patients who stayed on their initial dialysis modality, 
physicall  QL decreased over time, whereas the mental QL tended to remain stable. 
Afterr adjustment for the initial value of QL, there appeared to be a consistently 
favorablee effect of HD on the physical QL over time compared with PD, whereas 
thee mental QL remained similar. A correction for other significant baseline 
characteristicss did not change the observed time and treatment effects. It implies 
thatt a HD patient will rate his/her physical QL more favorably during the first 18 
monthss of dialysis compared with a PD patient who has a similar clinical status and 
physicall  QL at the start of dialysis treatment. 

Ass we were especially interested in the mid-term effects of HD and PD on QL, 
wee initially studied only those patients who stayed on their initial dialysis modality 
throughoutt the study period. This may have slightly biased the estimated effects, as 
onlyy therapy survivors were analyzed. However, when we repeated the analysis for 
anyy patient who started chronic HD or PD irrespective of stay on that modality 
(thatt is, intention-to-treat analysis) virtually similar time, treatment and treatment-
timee interaction effects were observed for both the physical and mental QL. 

Ann analysis of the scales that primarily compose the physical summary QL 
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Figuree 3 Change over time in physical and mental summary quality of life (QL) according to the initial 
dialysiss modality (i.e. intention-to-treat analysis) adjusted for the baseline value of QL and comorbid status 
(meanss + standard errors). QL values are normalized to a general population mean of 50 and a standard 
deviationn of 10 (that is, aT-score metric, as discussed in the Methods section). 
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scoree indicated that the time effect was concentrated in the physical functioning 
(limitationss in physical activities) and somewhat less in the general health 
perceptionss dimension (personal evaluations of health), whereas the treatment 
effectt was concentrated in the bodily pain dimension (intensity of pain and effect 
off  pain on normal activities). The permanent physical burden of PD compared to 
thee intermittent character of HD and peritonitis may be alternate explanations for 
thee higher pain perception of PD patients. A potential superiority of HD regarding 
dialysiss adequacy was not supported by the present adequacy parameters studied: In 
bothh HD and PD, none of the estimates of the adequacy of dialysis was associated 
withh the physical QL. 

Noo change over time was observed for the mental summary QL. An inspection 
off  the individual subscales that predominantly reflect mental QL showed a 
significantt decline with time for social functioning and vitality. This discrepancy 
betweenn individual subscale scores and the calculated summary score might be a 
consequencee of the assumptions and methods used to calculate these summary 
scores.288 Thus, although the use of summary scores has the advantage to reduce the 
numberr of statistical comparisons and thereby the role of chance in testing 
hypotheses,, relevant subscale-time or subscale-treatment interactions may be 
missed.. Therefore, we suggest that it is useful not only to focus on the summary 
QLL but also to inspect individual subscales, keeping in mind the statistical problem 
off  multiple comparisons.29,30 

Whatt is the clinical meaning of the observed differences in QL in this study? A 
comparisonn of these results with differences in QL observed in other (dialysis) 
populationss or comparison with differences seen with therapy of proven benefit, 
suchh as EPO, may help with an interpretation. For example, the difference of 2.3 
pointss in the physical summary QL between our HD and PD patients is 
approximatelyy half of the difference in the physical summary QL observed between 
cancerr patients and the general population of the United States.22 The difference of 
7.88 points in bodily pain between our HD and PD patients is similar to the 
differencee in bodily pain observed in type II diabetes patients compared with 
generall  population norms.20 The deterioration in physical functioning of 6.7 points 
inn our population is approximately twice the magnitude of change in physical 
functioningg observed in a before-and-after EPO study among HD patients.27 In the 
latterr study, a change of approximately nine points in vitality and eight points in 
sociall  functioning was seen, compared with a decrement of approximately four 
pointss in vitality and five points in social functioning in our population during 
follow-up. . 

Inn our study, we also examined the effect of baseline patient characteristics and 
adequacyy of dialysis on the QL over time. Comorbidity was the only variable 
associatedd with QL over time. A higher comorbidity-age index according to Khan 
ett al.2 correlated with a more impaired physical QL over time. Recently, it has been 
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demonstratedd that this index provided the greatest discrimination between patient 
groupss at risk for mortality when compared with an index that combined the effect 
off  age and diabetes or an index based on the number of comorbid conditions.1 Our 
studyy shows that this Khan comorbidity-age index is also valuable to identify 
patientss at risk for poor physical QL over time. The mental QL was associated with 
thee presence of cardiovascular comorbidity but not with the Khan index . 

Nonee of these parameters of adequacy of dialysis were associated with QL over 
time.. This supports the absence of an association of adequacy of dialysis with QL 
thatt we observed in our previous report.26 Also, DeOreo et al.6 did not find an 
associationn between Kt/Vurea and physical QL in a sample of approximately 1000 
prevalentt patients, whereas a statistically significant though very small association 
betweenn Kt/Vurea and mental summary QL was seen: Kt/Vurea explained 0.5% of 
thee observed variation in the mental summary QL. The fact that in clinical practice 
thee dose of dialysis is often based on patient reports of physical well-being may 
havee obscured a potential relationship. On the other hand, the fact that only 
baselinee values of adequacy of dialysis were considered or that the effect was too 
smalll  to be detected in our study may also have influenced these results. 

Ourr results demonstrated that the physical and mental QL of the deceased 
patientss at the time of start of dialysis was already considerably worse than that of 
thee other patient groups and deteriorated more rapidly over time time. This finding 
iss in line with the results of DeOreo et al., who reported that the predictive power 
off  self-reported functional status data for mortality is similar to parameters of 
dialysiss and nutritional adequacy.6 Therefore, both studies make it likely that the 
SF-366 is a useful screening tool to identify those patients who have a high risk of 
death. . 

Ourr study presents evidence that the physical QL deteriorates during the first 
188 months in both HD and PD, and that physical QL of PD patients compares 
unfavorablyy to HD patients throughout time. The mental QL remained stable over 
timee and did not differ between both dialysis modes. However, before final 
conclusionss can be drawn, these results will have to be confirmed in a randomized 
clinicall  trial. Currently, we conclude from this prospective cohort study that 
physicall  QL over time in HD patients is better than in PD patients. 
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Introduction n 

Thee results on various outcomes in dialysis and their explanatory and 
prognosticc determinants in the first NECOSAD cohort are presented in this thesis. 
Itt is the aim of this chapter to integrate our findings where possible and to put 
themm into the context of recent literature. In the previous chapters outcomes were 
reportedd together with their determinants. In this chapter the determinants are 
takenn as a starting point. Their influence on all outcomes at 3 months after the start 
off  dialysis (baseline) and during follow-up, i.e. blood pressure, renal function, 
nutritionall  status, quality of life, technique failure and mortality, is discussed To 
thiss end, the results described in this thesis are summarized in two Tables, which 
aree added as appendices to this chapter. 

Thee characteristics in the left column of each Table represent potential baseline 
determinantss of the outcome measures presented in the other columns. Each 
'outcomee column' summarizes a final multivariate model with independent effects, 
thatt is, adjusted for all other variables in that model. All models were constructed 
withh forward stepwise regression, with exception of the PD technique failure model 
inn Table 2, which resulted from a backward selection strategy. 

Tablee 1 shows the determinants of short-term outcome: blood pressure, 
nutritionall  status and quality of life at baseline. Table 2 depicts the determinants of 
thee time course of renal function, blood pressure, nutritional status and quality of 
lifee during follow-up as well as the determinants of the occurrence of events such 
ass technique failure and death. Reading these Tables it should be noted that: 
(1)) For reasons mentioned in the previous chapters, the effects on the time course 
off  continuous parameters were adjusted for the baseline values of these parameters. 
Thiss 'baseline' correction is not shown in Table 2; 
(2)) The effect of the Khan risk score on mortality and the combined effect of age 
andd the Davies risk score are both shown in Table 2. This was done only to 
illustratee that their associations with the risk of death were similar in size. Their 
effectss however, were not independent of each other; 
(3)) Separate models were built to assess the effects of small solute removal in each 
dialysiss modality; 
(4)) In addition, in peritoneal dialysis the influence of urea and creatinine removal 
wass assessed separately. 

Afterr the discussion on the determinants of outcome, the implications for 
clinicall  practice will be further discussed and directions for future research will be 
provided. . 
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Determinantss of outcome 

Demography\Demography\ ESRD and comorbküty 
AA higher age was associated with a lower diastolic blood pressure, a lower 

nPNAA and a higher risk of death. Also in the general population, diastolic pressure 
iss lower in the elderly.1 The lower protein intake in our patients may reflect a lower 
foodd intake. The low energy stores and hypoalbuminemia in PD females at baseline 
probablyy reflect patient selection. During follow-up these patients gained more fat 
andd probably also more water than others, as was suggested by a higher increase in 
bloodd pressure. Our data did not show a potential explanation, such as a different 
declinee of renal function or time course of peritoneal ultrafiltration in females. 
However,, an increased risk of loss of renal function in females has been found by 
others.'' Our findings need to be substantiated in other studies, which include the 
monitoringg of hydration status. If females do tend to overhydrate more than men, 
alsoo the potential contribution of hormonal factors needs to be explored. 

Ass expected, the systolic blood pressure of patients with ESRD due to diabetes 
mellituss or hypertension/renal vascular disease was higher compared to that of 
otherr patients. There were no other independent associations of ESRD with 
outcome. . 

Ourr diabetic patients illustrate that comorbidity not necessarily affects the 
patient'ss energy stores, whereas at the same time it may be associated with 
hypoalbuminemia.. Over time the energy stores in diabetics increased even more 
thann in others, but serum albumin hardly changed. Recently, two types of 
malnutritionn have been proposed, which would react differently to an improvement 
off  the uremic state.3 These will be discussed in the paragraph on residual renal 
functionn and dialysis. 

AA higher Davies risk score and a higher Khan nsk score only were predictors of 
deathh in hemodialysis patients. This unexpected finding may be due to a lack of 
statisticall  power in the PD group, but also to the fact that comorbidity was less 
severee in our peritoneal dialysis patients. The latter is suggested by the fact that 
peritoneall  dialysis was more often chosen on the basis of patient preference, 
whereass the choice for hemodialysis was made on medical grounds in 64% of the 
patients.. However, we did not directly measure the severity of comorbid conditions 
inn this first part of NECOSAD. The Khan risk score was also a determinant of 
diastolicc blood pressure at baseline and of quality of life over time. The association 
betweenn a higher Khan risk score and a lower diastolic blood pressure is potentially 
duee to the contribution of age to that score. 

Thee number of comorbid conditions influenced the patient's short-term quality 
oll  life in almost all dimensions of the SF-36 score. The presence of cardiovascular 
comorbidityy explained the variance in systolic blood pressure to a lesser extent than 
thee cause of ESRD. In most of these patients, however, hypertension, ESRD and 
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cardiovascularr comorbidity are probably causally interrelated. Cardiovascular 
comorbidityy also had a negative impact on the time course of quality of life. 
Altogether,Altogether, the relationship between comorbidity and quality of life suggests that 
thee prevention and the treatment of comorbid conditions deserve a prominent 
placee in dialysis care. 

NutritionalNutritional status, blood pressure and hemo$obin 
Energyy stores at baseline did not affect any of the outcomes measured, but a 

loww serum albumin was associated with a higher risk of death, especially in patients 
onn hemodialysis. 

Inn peritoneal dialysis, systolic hypertension was a determinant of both 
techniquee failure and mortality. The cause of systolic hypertension in these patients 
iss often multifactorial. We have previously discussed that two potential causes are 
oftenn present: arterial stiffness and fluid overload. Antihypertensive medication and 
treatmentt of fluid overload may be approaches to reduce the risk of death. Salt 
restrictionn to the extent possible seems an important tool to reduce overhydration. 
Preservationn of the residual renal function and the peritoneal membrane is of vital 
importance.. The development and the use of dialysis solutions containing glucose 
polymerss for the long dwell may help to reach the latter goal.4 

Inn our hemodialysis patients, there was no association of blood pressure with 
outcome.. Large studies have demonstrated a relatively modest impact and a U-
curvee relationship between systolic blood pressure and mortality.5,6 Low diastolic 
pressuree is associated with an increased risk of death.7 Relatively strong 
relationshipss between blood pressure and mortality were found by Charra and 
colleagues.88 Furthermore, all evidence comes from studies which used blood 
pressuree values including some form of time effect,5"8 e.g. time dependent values. 
Wee therefore conclude that the lack of association between blood pressure and 
mortalityy in our hemodialysis patients is probably due to (1) the fact that the effect 
wass too small to be detected in our study and (2) the use of baseline and not time 
dependentt blood pressure values. Apart from this, the use of pre and postdialysis 
valuess may be questioned as they do not seem too adequately represent interdialytic 
pressuree in hemodialysis patients.9,10 

Anemiaa at baseline only had a negative impact on short-term quality of life, but 
wee found no association with mortality. 

ResidualResidual vend Junction and dialysis 
AA higher rGFR was associated with a higher nPNA, but not with other 

nutritionall  parameters at baseline. Nevertheless, a higher baseline rGFR was 
associatedd with a larger increase in body fat during follow-up. A high baseline 
rGFRR was also associated with a better short-term quality of life, but rGFR did not 
determinee quality of life over time. Similarly, we did not find a relationship between 



130 130 ChapterChapter 6 

baselinee rGFR and mortality. A potential explanation is that the rGFR decline rate, 
ratherr than its absolute value at baseline, is associated with worse outcome during 
follow-up.. An observation supporting this hypothesis was made by Davies et al., 
whoo showed that survivors and non-survivors of the first two years of dialysis had 
similarr rGFR levels at baseline, but the non-survivors lost their rGFR at a faster 
rate.111 A lower urine volume predicted technique failure in peritoneal dialysis, 
whereass rGFR did not. This indicates that specific aspects of renal function may be 
associatedd with specific outcome measures. Taken together, it seems important to 
preservee renal function. The avoidance of nephrotoxic drugs and angiographic dye, 
ass well as adequate blood pressure control, the use of biocompatible hemodialysis 
membraness and possibly the prescription of diuretics will contnbute to this. In 
addition,, a recent report suggested independent associations of the use of ACE 
inhibitorss and calcium channel blockers with a decreased risk of residual renal 
functionn loss.2 

Inn the last decade there has been much debate, especially in the US and Canada, 
ass to which dialysis modality is best for the patient. We have previously discussed 
that,, in line with our own findings, other studies indicate that patient survival is 
similar,, but that differences may exist in subgroups, such as elderly, especially 
female,, diabetics. Although some of our data also suggest that these subgroups 
behavee differently on dialysis than others, the meaning of this is not clear. More 
dataa are needed to investigate the clinical relevance and potential causes of these 
differences.. However, it is encouraging that recent reports show that case-mix 
adjustedd mortality rates in both dialysis modalities have decreased in the US1213 as 
welll  as in Canada.14,15 In NECOSAD patients who stayed on their initial dialysis 
modalityy the physical quality of life decreased over time, whereas the mental quality 
off  life remained stable. After adjustment for the initial value of quality of life and 
comorbidityy there was an unfavorable effect of peritoneal dialysis on the physical 
componentss of quality of life over time, compared to hemodialysis. This was 
concentratedd in the bodily pain dimension and possibly due to the occurrence of 
peritonitiss in peritoneal dialysis. During follow-up mental quality of life was similar 
inn the two dialysis modalities. 

AA higher dialysis dose was associated with higher serum albumin levels at two 
yearss after the start of dialysis in both dialysis modalities and with a lower mortality 
inn peritoneal dialysis. Currently, there is increasing attention for the role of the 
systemicc inflammatory response in the development of protein-calorie malnutrition 
inn ESRD.16,17 In this perspective low serum albumin levels are thought to be part of 
thee acute phase response and to a lesser extent the consequence of low food intake. 
Stenvinkell  et al. have proposed two types of malnutrition in ESRD.3 Type 1 is 
associatedd with uremic syndrome per se or factors associated with uremia (such as 
physicall  inactivity, underdialysis, dietary restrictions and psychosocial factors). It is 
characterizedd by a modest reduction in serum albumin, because of a lower protein 
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andd energy intake due to uremic toxicity. Type 2 malnutrition is associated with 
comorbidity,, with higher levels of C-reactive protein (CRP) and pro-inflammatory 
cytokiness and with lower serum albumin values. Our study patients who reacted on 
aa higher dialysis dose with an improvement of their serum albumin levels may have 
hadd type 1 malnutrition. However, we could not investigate this, because we did 
nott measure inflammatory markers. 

Severall  studies have shown that parameters of total urea and creatinine 
removal,, used as measures for dialysis dose, are associated with the risk of death in 
hemodialysis18211 and peritoneal dialysis.11,22 In peritoneal dialysis, most of these 
relationshipss are confounded by the effect of residual renal function.1 U3 In our 
studyy in patients starting peritoneal dialysis, we demonstrated independent 
associationss of urinary and dialysate small solute removal, but only when we used 
thee absolute quantity of small solutes removed. When expressed as Kt/Vurea and 
creatininee clearance, these parameters did not reach statistical significance. This 
mayy be because the clearance concept was not developed to estimate the removal 
off  waste products. Recently, others have shown that Kturea may be a better outcome 
basedd measure of hemodialysis dose, because Kt/Vurea is confounded by indexing 
Ktt urea to an estimate of body size, which may have outcome associated properties 
off  its own.24,25 In this respect it was interesting that our study on the time course of 
nutritionall  status showed that a high Kt ^ but not a high Kt/Vurea, at baseline was 
associatedd with an increase in serum albumin. 

Directionss for future research 

Thiss study had a relatively small sample size. It was started as a feasibility study 
too demonstrate that a prospective multicenter cohort study collecting extensive data 
setss was possible. Despite its sample size, we were able to detect clinically relevant 
prognosticc factors. Due to a lack of statistical power, we may however have missed 
otherr potentially relevant determinants of outcome. This was also an observational 
study,, which by nature is hypothesis generating and cannot prove causation. Our 
patientss were included at three months after the start of dialysis. Consequently, we 
mayy have missed important effects of dialysis treatment on outcome in the first 
threee months. These study limitations have partly been overcome in the second 
partt of the NECOSAD study that started in 1997. That study aims to include 1500 
patientss at the start of dialysis. It is also an observational cohort study, comprising a 
controlledd trial with randomization for dialysis modality. 

Wee have shown that comparison of the comorbidity of dialysis populations 
withinn Europe was hampered by the lack of common international definitions and 
off  an international standard for registration. Also a recent meta-analysis of outcome 
studiess in ESRD concluded that adjustments for case-mix, adequacy of dialysis, and 
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otherr important patient level covariates were not possible because of the paucity of 
thee available data.26 Last year Johnson et al. proposed a set of comorbid factors that 
shouldd be routinely scored by dialysis centers.27 In the NECOSAD-2 cohort the 
severityy of comorbid conditions is assessed. Its potential effect on outcome may 
contributee to the discussion as to whether the severity of comorbidity should be 
includedd in the development of those international definitions. It is important that 
internationall  agreement on this subject will be reached. At a national level, the 
resultss may provide suggestions for comorbid factors to be routinely scored by 
dialysiss centers in the process of quality assessment of renal replacement therapy. 

Thee collection of extra serum samples in NECOSAD-2 offers the opportunity 
too look at inflammatory markers and their effects on outcome. This allows the 
studyy of potential different reactions of the two types of malnutrition to dialysis. 
Besidess this, recent literature suggests that research is required on interventions 
aimedd at stopping or slowing down the inflammatory process. At present, also 
informationn is collected on the use of different antihypertensive agents to study 
theirr effects on mortality, renal function loss and blood pressure regulation. 

NECOSAD-11 has shown that, in general, patient factors were the most 
importantt determinants of outcome in dialysis. The larger sample size of 
NECOSAD-22 will allow the further study of the effects of dialysis on outcome in 
thee entire cohort and in subgroups. These analyses may generate new research 
questionss to be answered in substudies of NECOSAD or in other, potentially more 
fundamental,, research projects. NECOSAD-2 data will provide a basis for the 
developmentt of Dutch and European guidelines for adequate and optimal dialysis, 
takingg into account both clinical and quality of life outcomes. 
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Appendix:: Table 1. Determinants 

Determinant t 

Demography y 
Age e 
Femalee sex 

ESRD D 
DM M 
HT/RVD D 

Comorbidity y 
DM M 

Daviess risk 
Khann risk 
No.. conditions 
Cardiovascular r 

Nutritionall status 
BMI I 
Bodyy Fat 
Leann Body Mass 
Serumm albumin 
nPCR/nPNA A 

Bloodd pressure/hemoglobin 
Systolicc pressure 
Diastolicc pressure 
Hemoglobin n 

Residuall renal function 
rGFR R 

Urinee volume 
Dialysis s 
PD D 
Kt/Vum m 

Kturea a 

Ureaa app 

CCr r 

Crr app 

PDD ultrafiltration 

total l 
dialysate e 

total l 
dialysate e 

total l 
dialysate e 

total l 
dialysate e 

total l 
dialysate e 

off  outcome: 

Blood d 
pressure e 

DBPi i 
--

SBPt t 
SBPt t 

--

. . 

DBPi i 

. . 

--

independentt associations with short-term outcome. 
Short-termm outcome 

NUS* * 
energyy stores 

PDD BMI ! 

BMIT T 

NUS' ' 
protein n 

metabolism m 

nPNAi i 
PDSAl l 

SA^ ^ 

nPNA--
nPNA--

nPNAt t 
SA--

LBM --

Impaired d 
QL L 

>> 3 dimensions 

--
--

--
--

T T 

--
--

1 1 

I I 

--

_ _ 

*:: nutritional status; I: negative association; T: positive association; -: no association; blank: not assessed; 
Urr app: urea appearance; CCr: creatinine clearance; Cr app: creatinine appearance. 
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Appendix:: Table 2 .. Determinants of outcome: independentt associations with medium-term outcome. 
Medium-termm outcome 

ft ft 
Determinant t 

Demography y 
Age e 
Femalee sex 

ESRD D 
DM M 
HT/RVD D 

Comorbidity y 
DM M 

Daviess risk 
Khann risk 
No.. conditions 
Cardiovascular r 

Nutritionall status 
BMI I 
Bodyy Fat 
Leann Body Mass 
Serumm albumin 
nPCR/nPNA A 

Renal l 
inction n 

--
--

--
--

--

--
--

--

Bloodd NUS* 
pressuree energy 

stores s 

--
PDtt PDT 

--
--

BMI --
fatt t 

--
--

--

--
--
--

Bloodd pressure/hemoglobin 
Systolicc pressure 
Diastolicc pressure 
Hemoglobin n 

Residuall renal function 
rGFR R 

Urinee volume 
Dialysis s 
PD D 
Kt /V ^^ total 

dialysate e 
KLL  ̂  total 

dialysate e 
Urr app total 

dialysate e 
CCrr total 

dialysate e 
Crr app total 

dialysate e 
PDD ultrafiltration 

--

fatt t 

?tt 9T 
--

--

--

NUS**  Impaired Technique 
proteinn QL failure 

metabolismm (PD only) 

--
--

--
--

SA--

--

t t 

t t 
--
--

--
--
--

T T 
--

--

nPNAii  -
SA--

1 1 

T T 
. . 

SAT T 
HDD SAT/PD -
HDD SAT/PD -

--
PD--

--

1 1 

Mortality y 

all l 

T T 
--

--
--

T T 
T T 

--
--
--
i i 
--

T T 
--
--

--

--
--

--

--

HDD PD 

TT T 
--

--
--

TT -
TT -

--
--

--
--
--
1 1 
--

T T 
--
--

--

--

--

i i 
U U 
--
--
i i 
i i 
--

*:*:  nutritional status; l: negative association; T: positive association; U: borderline significant negative association; 
-:: no association; blank: not assessed.; Ur app: urea appearance; CCr: creatinine clearance; Crapp: creatinine 
appearance e 
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Summary Summary 

End-stagee renal disease can be due to many different conditions. If left 
untreated,, it will lead to death. The removal of waste products and excess fluid 
fromm the blood, functions that are normally fulfilled by the kidneys, can be taken 
overr by dialysis. Because of the shortage of organ donors, most ESRD patients will 
forr at least a part of their lives be dependent on dialysis treatment. 

Inn Chapter 1 it is outlined that the number of dialysis patients in the Netherlands 
keepss growing. Currently, more than 1300 patients start dialysis therapy each year. 
Thee growth in the number of dialysis patients was accompanied by increasing 
mortalityy rates. This has led to the initiative of the Dialysis Group Netherlands 
(DGN)) to start the Netherlands Cooperative Study on the Adequacy of Dialysis 
(NECOSAD),, a prospective multicenter study. The first aim of this study was to 
prospectivelyy investigate the association of patient and therapy characteristics at 3 
monthss after the start of dialysis with outcome. The second aim of this study was 
too define adequate dialysis and to develop treatment guidelines applicable to the 
Dutchh dialysis population. This thesis deals with the first NECOSAD cohort and 
itss outcome. 

Inn Chapter 2 the characteristics of these patients at 3 months after the start of 
dialysiss (baseline) are reported. Chapter 2.1 provides a description of their clinical 
conditionn and puts this patient population in a European perspective. Two hundred 
andd fifty consecutive new patients from 13 centers were included. Their mean age 
wass 57 years and 58% were male. Renal vascular disease was the most frequent 
causee of ESRD; comorbid conditions were present in 51%, diabetes mellitus in 
18%,, and cardiovascular disease in 28%. Multivariate linear regression showed that 
decreasedd protein intake was related to diminished residual renal function. Blood 
pressuree was associated with age and ESRD. Our patients did not seem to have 
moree comorbidity than Dutch patients participating in a European study some 
yearss earlier. Comparison with other European studies was complicated by the use 
off  different definitions of comorbidity and of selected patient populations. 

Itt is concluded that the patients starting dialysis in the Netherlands have 
becomee older and that the incidence of diabetic nephropathy has increased. From 
thiss study no conclusions could be drawn on a concomitant increase in 
comorbidity.. However, our patient group was representative for new dialysis 
patientss in our country in the period 1993-1995 and may therefore serve as a 
referencee population to study future changes in patient case-mix within the 
Netherlands.. Furthermore, it was stressed that the use of common international 
definitionss of comorbidity is needed to be able to make comparisons of survival 
data. . 

Inn Chapter 2.2 details on the quality of life at baseline are provided and put into 
thee perspective of the quality of life of a Dutch general population sample. In 
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addition,, the relationship of quality of life with demographic, clinical, renal function 
andd dialysis characteristics is identified. Patient's self-assessment of quality of life 
wass measured by the SF-36, a 36-item questionnaire encompassing eight dimensions: 
physicall  functioning, social functioning, role-functioning physical, role-functioning 
emotional,, mental health, vitality, bodily pain and general health perceptions. With 
multiplee linear regression analysis we identified the independent explanatory variables 
off  the quality of life dimensions. One hundred and twenty hemodialysis and 106 
peritoneall  dialysis patients completed the SF-36. Their quality of life was substantially 
impairedd in comparison to the general population sample, particularly with respect to 
role-functioningg physical and general health perceptions. Hemodialysis patients 
showedd lower levels of quality of life than peritoneal dialysis patients on physical 
functioning,, role-functioning emotional, mental health and pain. However, on the 
multivariatee level, we could only demonstrate an impact of dialysis modality on 
mentall  health in favor of peritoneal dialysis. A higher number of comorbid 
conditions,, a lower hemoglobin level and a lower residual renal function were 
independentlyy related to poorer quality of life. The variability of the SF-36 scores 
explainedd by selected demographic, clinical, renal function and dialysis characteristics 
wass highest for physical functioning (29.7%). Explained variability of the other SF-36 
dimensionss ranged from 6.9% for general health perceptions to 15.4% for vitality. 

Wee conclude that the quality of life of new ESRD patients is substantially 
impaired.. Comorbid conditions, hemoglobin and residual renal function could 
explainn poor quality of life only to a limited extent. Further research exploring 
determinantss and indices of quality of life in ESRD is needed. From a clinical 
perspectivee we conclude that quality of life should be considered in the monitoring 
off  dialysis patients. 

Inn Chapter 3 treatment and mortality are reported. The first part, Chapter 3.1, 
dealss with case-mix differences among the participating centers and with dialysis 
treatmentt over time. A comparison is made with current US guidelines on the 
adequacyy of dialysis. Mortality, hospitalization and the time course of renal function 
andd blood pressure are described and outcome in the elderly subgroup is reported 
separately. . 

Theree were considerable differences in patient populations among dialysis 
centerss with respect to age, comorbidity and residual renal function at baseline. 
Approximatelyy 40% of the hemodialysis patients and more than 50% of the 
peritoneall  dialysis patients received adequate dialysis according to guidelines 
currentlyy advised in the US. In hemodialysis patients this percentage increased over 
time,, but in peritoneal dialysis it decreased. Patient survival was 76% at two years. 
Withh Cox proportional hazards regression we demonstrated that a higher age, the 
presencee of comorbidity, a higher systolic blood pressure and low serum albumin 
levelss were risk factors for mortality. There was no survival difference between the 
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dialysiss modalities. Technique survival was higher in hemodialysis. Hospitalization 
ratess decreased from 25 days between 3 to 12 months to 19 days per patient year in 
thee third year. Residual renal function decreased at a similar rate in both modalities, 
butt blood pressure tended to increase in females receiving peritoneal dialysis. 

Wee concluded that outcome was predominantly dependent on patient 
characteristicss at 3 months after the start of dialysis. In the light of the increasing 
agee of patients starting dialysis, increasing mortality can be expected. Furthermore, 
iff  outcome is to play a role in the quality assessment of dialysis centers, it is 
essentiall  to know the characteristics of their patient populations. 

Inn Chapter 3.2 we present the determinants of mortality and technique failure in 
patientss who started peritoneal dialysis. While other studies have shown an 
associationn between small solute clearance and patient survival, littl e attention has 
beenn paid to the potential effects of fluid overload. In this study Cox proportional 
hazardss regression was used to determine the risk factors for mortality and 
techniquee failure in patients starting peritoneal dialysis. There were 33 deaths and 
444 technique failures. Two-year patient survival was 77% and two-year technique 
survivall  was 64%. A higher age, a higher systolic blood pressure and a lower 
absolutee quantity of small solutes removed at baseline were independent risk 
factorss for mortality. A one-year increase in age was associated with a relative risk 
(RR)) of death of 1.05 (95% CI, 1.01 to 1.09) and a 10 mm Hg rise in systolic blood 
pressuree with a RR of 1.42 (95% CI, 1.17 to 1.73). The removal of 1 mmol/week/ 
1.73m22 of urinary and diarysate creatinine were associated with a RR of death of 
0.955 (95% CI, 0.92 to 0.98) and 0.93 (95% CI, 0.89 to 0.98). The removal of urea 
hadd a similar association with the RR of death. Risk factors for technique failure 
weree a low urine volume, a low peritoneal ultrafiltration and a high systolic blood 
pressure. . 

Fromm this study it is concluded that dialysate solute removal is an independent 
predictorr of mortality. Furthermore, the association between systolic blood 
pressuree and mortality shows that the maintenance of fluid balance and small solute 
removall  deserve equal attention. 

Thee subject of Chapter 4 is nutritional status. It is known that malnutrition is a 
riskk factor for mortality in the dialysis population. So far, prospective studies 
comparingg the time course of nutritional status in incident hemodialysis and 
peritoneall  dialysis patients have not been published. The aims of this study were to 
comparee the time course of nutritional status in patients starting hemodialysis or 
peritoneall  dialysis and to identify the baseline determinants of that time course. 
Dataa were collected up to 24 months after the start of dialysis. Repeated-measures 
analysiss of variance was used to establish the changes in nutritional status over 
time.. Differences between groups were adjusted for baseline characteristics. 
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Univariatee analysis demonstrated a decrease in serum albumin in hemodialysis and 
ann increase in peritoneal dialysis patients. Body fat increased, lean body mass did 
nott change. The protein equivalent of nitrogen appearance (PNA) normalized to 
ideall  weight, decreased in peritoneal dialysis after one year. In multivariate analysis, 
serumm albumin at 2 years was 2.0 g/1 (95% CI, 0.3 to 3.8) higher in patients who 
startedd on peritoneal dialysis. The increase in body fat was 3.2 kg (95%CI, 1.6 to 
4.9)) higher in females on peritoneal dialysis than in others. Diabetics gained 2.3 kg 
(95%% CI, 0.6 to 4.1) more fat than nondiabetics. Kt/Vurea did not affect the time 
coursee of nutritional status, but a higher K t ^ was associated with a higher serum 
albuminn at 24 months. 

Mostly,, dialysis modality choice is made on the basis of patient preference and 
medicall  criteria. We conclude that the results of this study may implicate that the 
nutritionall  status at the start of dialysis, together with the patient's sex and diabetic 
status,, are among the factors to consider when a choice for one of the dialysis 
modalitiess is made. Patients whose energy stores are low, may benefit to a larger 
extentt from peritoneal dialysis, whereas this treatment may have undesirable effects 
inn overweight or obese females and diabetics. In addition, the results of this study 
indicatee that K t ^ may be a better measure of dialysis dose than Kt/Vurea and that 
thee patient's protein metabolism may be improved by providing a higher Kt,^. 

Inn Chapter 5 the time course of quality of life over the first 18 months after the 
startt of dialysis treatment is studied. Repeated measures analysis of variance was 
usedd to establish changes in quality of life over time, differences in quality of life 
betweenn dialysis modalities and interaction between changes over time and dialysis 
modality.. Patient's self-assessment of quality of life was measured with the SF-36 at 
3,, 6, 12 and 18 months after the start of dialysis treatment. Out of 230 patients who 
completedd the questionnaire at least once, 139 patients stayed on their initial dialysis 
modality,, 26 patients switched dialysis modality, 35 patients received a kidney 
transplant,, 28 patients died and in 2 patients renal function recovered. The quality 
off  life of patients who died during the study period was considerably worse at 
baselinee and worsened at a faster rate than in the other patient groups. In patients 
whoo stayed on their initial dialysis modality, the physical quality of life decreased 
overr time, whereas the mental quality of life tended to remain stable. After 
adjustmentt for the initial value of quality of life and comorbidity, a consistently 
favorablee effect of hemodialysis on the physical quality of life over time was found 
comparedd to peritoneal dialysis, whereas the mental quality of life remained similar. 
Parameterss of adequacy of dialysis were not associated with quality of life over 
time. . 

Wee conclude that this prospective cohort study indicates that the decrease in 
thee physical quality of life over time in peritoneal dialysis patients may be faster 
thann in hemodialysis patients. 
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Thee purpose of the general discussion, Chapter 6, is to integrate our findings 
wheree possible and to put them into the context of recent literature. In Chapters 1 to 
55 outcomes were reported together with their determinants. In Chapter 6 the 
determinantss are taken as a starting point and their influence on several outcome 
measuress is discussed. It is concluded that NECOSAD-1 has shown that, in 
general,, patient factors are the most important deterrninants of outcome in dialysis. 
Thee larger sample size of NECOSAD-2 will allow the further study of the effects 
off  dialysis on outcome in the entire cohort and in subgroups. Finally, suggestions 
forr future research are provided. 
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Bijj  gezonde mensen verwijderen de nieren afvalstoffen en overtollig vocht. 
Verschillendee ziekten kunnen er toe leiden dat de nieren niet of nauwelijks meer 
functioneren.. Dit ziektebeeld wordt terminale nierinsufficiëntie genoemd Als deze 
aandoeningg niet wordt behandeld, zal de patiënt overlijden. Niertransplantatie of 
dialysebehandelingg kunnen uitkomst bieden. Dialyse kan de functie van de nieren 
gedeeltelijkk overnemen. Omdat er een tekort aan donomieren bestaat, zullen de 
meestee patiënten met terminale nierinsufficiëntie tenminste een deel van hun leven 
afhankelijkk zijn van dialysebehandeling. 

Inn Hoofdstuk 1 wordt beschreven dat het aantal Nederlandse dialysepatiënten 
groeit.. Op dit moment starten meer dan 1300 patiënten per jaar met dialyse-
behandeling.. De groei in het aantal patiënten werd vergezeld door een hogere 
sterftee in deze patiëntengroep. Dit heeft er toe geleid dat de Dialyse Groep 
Nederlandd (DGN) het initiatief heeft genomen tot de start van de Nederlandse 
Coöperatievee Studie naar de Adequaatheid van Diarysebehandeling (NECOSAD), 
eenn prospectieve multicenter studie. Het eerste doel van deze studie was het 
prospectieff  bestuderen van de relatie tussen enerzijds patiënt- en therapie-
karakteristiekenn op 3 maanden na de start van de dialyse en anderzijds de resultaten. 
Hett tweede doel van de studie was te definiëren wat adequate dialyse is en 
richtlijnenn te ontwikkelen die toepasbaar zouden zijn op de Nederlandse 
dialysepopulatie.. Dit proefschrift beschrijft het eerste NECOSAD cohort en de 
uitkomstenn binnen deze patiëntengroep. 

Inn Hoojèlstuk 2 worden de kenmerken van de patiënten 3 maanden na de start 
vann de dialysebehandeling ('baseline') beschreven. Hoofstuk 2.1 geeft een 
beschrijvingg van hun klinische toestand en plaatst deze groep in een Europees 
perspectief.. Tweehonderdvijftig opeenvolgende nieuwe dialysepatiënten uit 13 
dialysecentraa namen deel aan deze studie. Hun gemiddelde leeftijd was 57 jaar, 58% 
wass man. Renaal vasculair lijden was de meest voorkomende oorzaak van de 
terminalee nierinsufficiëntie. Eenenvijftig procent van de patiënten had bijkomende 
ziekten,, 18% had diabetes mellitus en 28% cardiovasculaire aandoeningen. Met 
behulpp van multivariate lineaire regressie werd een relatie gevonden tussen een 
verlaagdee eiwitinname en een lagere restnierfunctie. Bloeddruk was geassocieerd 
mett de leeftijd en de oorzaak van het nierlijden. Onze patiëntengroep leek niet 
meerr bijkomende aandoeningen te hebben dan een Nederlandse patiëntengroep, 
diee enige jaren eerder aan een Europese studie had deelgenomen. De vergelijking 
mett andere Europese studies werd bemoeilijkt door het gebruik van verschillende 
definitiess van bijkomende ziekten en door het bestuderen van geselecteerde 
patiëntenpopulaties. . 

Err wordt geconcludeerd dat de nieuwe Nederlandse dialysepatiënten ouder zijn 
gewordenn en dat de incidentie van diabetische nefropathie gestegen is. Uit deze 
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studiee konden geen conclusies worden getrokken wat betreft een gelijktijdige 
stijgingg in het aantal bijkomende ziekten. Onze patiëntengroep bleek echter 
representatieff  voor nieuwe Nederlandse dialysepatiënten in de periode 1993-1995 
enn kan daarom dienen als referentiepopulatie om toekomstige veranderingen in de 
kenmerkenn van Nederlandse dialysepatiënten te bestuderen. Er wordt benadrukt 
datt het gebruik van gemeenschappelijke internationale definities voor bijkomende 
ziektenn nodig is om vergelijking van de overlevingscijfers van diafysepopulaties 
mogelijkk te maken. 

Inn Hoofdstuk 2.2 wordt de kwaliteit van leven van onze patiëntengroep bij 
baselinee geëvalueerd. Tevens wordt deze vergeleken met de kwaliteit van leven van 
eenn groep uit de algemene Nederlandse bevolking. Bovendien wordt de relatie 
tussenn kwaliteit van leven en demografische, klinische, restnierfunctie en 
dialysekenmerkenn bestudeerd. De kwaliteit van leven, zoals deze wordt ervaren 
doorr de patiënt, werd gemeten met behulp van de SF-36, een vragenlijst met 36 
vragenn die acht dimensies omvat: fysiek functioneren, sociaal functioneren, 
rolbeperkingenn ten gevolge van fysieke problemen, rolbeperkingen ten gevolge van 
emotionelee problemen, mentaal welbevinden, vitaliteit, lichaamspijn en algemene 
gezondheidsperceptie.. Met behulp van multivariate lineaire regressie werden de 
onafhankelijkee verklarende variabelen van de verschillende dimensies geïdentificeerd. 
Dezee SF-36 werd ingevuld door 120 hemodiafyse en 106 peritoneale dialyse-
patiënten.. Hun kwaliteit van leven was aanzienlijk lager in vergelijking met de 
algemenee bevolking, vooral wat betreft de dimensies rolbeperkingen ten gevolge van 
fysiekee problemen en de algemene gezondheidsperceptie. Hemodialysepatiënten 
rapporteerdenn een lagere kwaliteit van leven dan peritoneale dialyse patiënten voor de 
dimensiess fysiek functioneren, rolbeperkingen ten gevolge van emotionele 
problemen,, mentaal welbevinden en pijn. Bij multivariate analyse bleef alleen een 
verschill  in mentaal welbevinden tussen dialysemodaliteiten bestaan ten gunste van 
peritonealee dialyse. Een groter aantal bijkomende ziekten, een lager hemoglobine en 
eenn lagere restnierfunctie waren onafhankelijk geassocieerd met een verminderde 
kwaliteitt van leven. De hoeveelheid variantie van de SF-36 scores die verklaard kon 
wordenn door de geselecteerde demografische, klinische, restnierfunctie en 
dialysekenmerkenn was het grootst voor fysiek functioneren (29.7%). De verklaarde 
variantiess van de andere SF-36 dimensies varieerden van 6.9% voor algemene 
gezondheidsperceptiee tot 15.4% voor vitaliteit. 

Wee concluderen dat de kwaliteit van leven van nieuwe patiënten met terminale 
nierinsufficiëntiee aanzienlijk minder is dan die van de algemene bevolking. 
Bijkomendee ziekten, hemoglobine en restnierfunctie kunnen de lagere kwaliteit van 
levenn maar in beperkte mate verklaren. Niet alleen de determinanten van kwaliteit 
vann leven moeten verder worden onderzocht, maar ook de kwaliteit van de 
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meetinstrumenten.. Vanuit klinisch perspectief is het aan te bevelen de kwaliteit van 
levenn van dialysepatiënten regelmatig te beoordelen. 

Inn Hoofdstuk 3 worden de behandeling en de mortaliteit gerapporteerd. Het 
eerstee deel, Hoofdstuk 3.1, gaat over de case-mix verschillen tussen de deelnemende 
centraa en over de dialysebehandeling in de loop van de tijd. De behandeling wordt 
vergelekenn met de huidige richtlijnen voor adequate dialyse uit de VS. Mortaliteit, 
ziekenhuisopnamee en het beloop van de restnierfunctie en de bloeddruk worden 
beschreven.. Tevens worden de resultaten van dialyse onder ouderen besproken. Er 
bestondenn aanzienlijke verschillen tussen de patiëntenpopulaties van verschillende 
dialysecentraa wat betreft leeftijd, bijkomende ziekten en de restnierfunctie op 3 
maandenn na de start van de dialyse. Ongeveer 40% van de hemodialysepatiënten en 
meerr dan 50% van de peritoneale dialysepatiënten kregen adequate dialyse volgens 
dee richtlijnen uit de VS. Onder hemodialysepatiënten steeg dit percentage over de 
tijd,, maar onder peritoneale dialyse patiënten was er een daling. Twee jaar na de 
startt van de dialyse was de patiëntoverleving 76%. Met Cox proportional hazards 
regressiee lieten wij zien dat een hogere leeftijd, de aanwezigheid van comorbiditeit, 
eenn hogere systolische bloeddruk en een laag serum albumine risicofactoren waren 
voorr mortaliteit. Er bestond geen verschil in overleving tussen de dialyse-
modaliteiten.. Techniekoverleving was hoger bij hemodialyse. Het aantal ziekenhuis-
opnamedagenn daalde van 25 dagen tussen 3 en 12 maanden naar 19 dagen per 
patiëntjaarr in het derde jaar. De restnierfunctie daalde in beide modaliteiten in 
dezelfdee mate, maar de bloeddruk leek meer te stijgen onder vrouwen die met 
peritonealee dialyse werden behandeld. 

Wijj  concluderen dat de uitkomsten van dialyse vooral afhankelijk zijn van 
patiëntkenmerkenn op 3 maanden na de start van de dialyse. In het licht van de 
steedss hogere leeftijd van nieuwe dialysepatiënten, kan een stijging van de 
mortaliteitt worden verwacht. Bovendien merken wij op dat, als bij de 
kwaliteitsbeoordelingg van dialysecentra ook de resultaten worden betrokken, men 
geïnformeerdd moet zijn over de kenmerken van hun patiëntenpopulaties. 

Inn Hoofdstuk 3.2 presenteren wij de determinanten van mortaliteit en 
techniekfalcnn in patiënten die startten met peritoneale dialyse. Terwijl andere 
studiess een relatie hebben aangetoond tussen de verwijdering van afvalstoffen en 
patiëntoverleving,, is nog weinig aandacht besteed aan de mogelijke effecten van 
overvulling.. In deze studie werd Cox proportional hazards regressie gebruikt om de 
risicofactorenrisicofactoren voor mortaliteit en techniekfalen te bepalen in patiënten die startten 
mett peritoneale dialyse. Drieëndertig patiënten overleden en 44 gingen over op 
hemodialyse.. Twee jaar na de start van de dialyse was de patiëntoverleving 77% en 
dee techniekoverleving 64%. Een hogere leeftijd, een hogere systolische bloeddruk 
enn een lagere absolute hoeveelheid verwijderde afvalstoffen bij baseline waren 



150 150 Scaiwwattmg Scaiwwattmg 

onafhankelijkee risicofactoren voor mortaliteit. Eén jaar stijging in leeftijd was 
geassocieerdd met een relatief risico (RR) op overlijden van 1.05 (95% Cl, 1.01 tot 
1.09)) en een 10 mm Hg hogere systolische bloeddruk met een RR van 1.42 (95% 
Cl,, 1.17 tot 1.73). De verwijdering van 1 mmol/week/1.73m2 creatinine door urine 
enn dialysaat waren geassocieerd met een RR op overlijden van 0.95 (95% Cl, 0.92 
tott 0.98) en 0.93 (95% Cl, 0.89 tot 0.98). De verwijdering van ureum had een 
vergelijkbaree relatie met het RR op overlijden. Risicofactoren voor techrdekfalen 
warenn een laag urinevolume, een lage peritoneale ultrafiltratie en een hoge 
systolischee bloeddruk. 

Uitt deze studie concluderen wij dat de verwijdering van afvalstoffen door het 
dialysaatt een onafhankelijke voorspeller is voor de mortaliteit. Verder toont de 
associatiee tussen de systolische bloeddruk en mortaliteit aan dat de preventie van 
overvullingg en de verwijdering van afvalstoffen evenveel aandacht verdienen. 

Inn Hoofdstuk 4 wordt de voedingstoestand nader bestudeerd. Het is bekend dat 
onderr dialysepatiënten ondervoeding een risicofactor is voor mortaliteit. Tot nu toe 
zijnn er geen prospectieve studies gepubliceerd waarin het beloop van de 
voedingstoestandd van nieuwe hemodialyse- en peritoneale dialyse patiënten wordt 
vergeleken.. Het doel van deze studie was enerzijds het beloop van de 
voedingstoestandd tussen de dialysemodaliteiten te vergelijken en bovendien de 
determinantenn van dat beloop te bepalen. Er werden tot 24 maanden na de start 
vann de dialyse gegevens verzameld. Met behulp van een statistische techniek voor 
herhaaldee metingen werden de veranderingen in voedingstoestand over de tijd 
vastgesteld.. Verschillen tussen groepen werden gecorrigeerd voor verschillen op 3 
maandenn na de start van de dialyse. Er was een daling in serum albumine 
waarneembaarr onder hemodialysepatiënten en een stijging onder peritoneale dialyse 
patiënten.. Het percentage lichaamsvet steeg, terwijl de 'lean body mass' niet 
veranderde.. De 'protein equivalent of nitrogen appearance (PNA)' genormaliseerd 
naarr het ideale lichaamsgewicht daalde na een jaar onder peritoneale 
dialysee patiënten. Bij multivariate analyse bleek serum albumine op 2 jaar 2.0 g/l 
(95%% Cl, 0.3 tot 3.8) hoger te zijn onder patiënten die op peritoneale dialyse waren 
gestart.. De stijging in lichaamsvet was 3.2 kg (95% Cl, 1.6 tot 4.9) hoger onder 
vrouwenn op peritoneale dialyse dan in andere patiënten. Diabeten kwamen 2.3 kg 
(95%% Cl, 0.6 tot 4.1) meer in vet aan dan niet-diabeten. Kt/Vurea had geen effect op 
hett beloop van de voedingstoestand, maar een hogere K t ^ was geassocieerd met 
eenn hoger serum albumine op 24 maanden na de start van dialyse. 

Meestall  wordt de dialysemodaliteit gekozen op grond van patiënten voorkeur en 
medischee criteria. De resultaten van deze studie impliceren dat bij die therapiekeuze 
ookk de voedingstoestand bij de start van de dialyse, het geslacht van de patiënt en 
dee eventuele aanwezigheid van diabetes mellitus in ogenschouw genomen moeten 
worden.. Patiënten met lage energiereserves zouden meer baat kunnen hebben bij 
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peritonealee dialyse, terwijl dezelfde therapie ongewenste effecten kan hebben bij 
vrouwenn met overgewicht of obesitas. Ook suggereren onze resultaten dat K t ^ 
eenn betere maat voor dialysedosis zou kunnen zijn dan Kt/Vurea en dat het 
eiwitmetabolismee van de patiënt verbeterd zou kunnen worden door een hogere 
Kt t 

urea' ' 

Inn Hoofdstuk 5 staat het beloop van de kwaliteit van leven over de eerst 18 
maandenn op dialyse centraal. Met een statistische techniek voor herhaalde metingen 
werdenn veranderingen van de kwaliteit van leven over de tijd vastgesteld, 
verschillenn in kwaliteit van leven tussen de modaliteiten bestudeerd en interacties 
tussenn die veranderingen over de tijd en de modaliteit onderzocht. De door de 
patiëntt ervaren kwaliteit van leven werd gemeten met de SF-36 op 3, 6, 12, en 18 
maandenn na de start van de dialyse. Van de 230 patiënten die de vragenlijst 
tenminstee één keer hadden ingevuld, bleven er 139 op hun initiële dialysemodaliteit, 
266 patiënten veranderden van modaliteit, 35 ontvingen een donornier, 28 patiënten 
overledenn en bij 2 patiënten herstelde de nierfunctie zich. De kwaliteit van leven 
vann patiënten die overleden tijdens de studieperiode was bij aanvang al beduidend 
slechterr en verslechterde ook sneller dan in de andere patiëntgroepen. Onder 
patiëntenn die op hun initiële dialysemodaliteit bleven, verminderde de fysieke 
kwaliteitt van leven, terwijl de mentale kwaliteit van leven min of meer constant 
bleef.. Na correctie voor de uitgangswaarde van kwaliteit van leven en voor 
bijkomendee ziekten, was er een consistent gunstig effect van hemodialyse op de 
fysiekee kwaliteit van leven, terwijl de mentale kwaliteit van leven op beide 
modaliteitt vergelijkbaar was. Parameters voor adequaatheid van dialyse waren niet 
geassocieerdd met het beloop van de kwaliteit van leven. 

Wijj  concluderen dat deze prospectieve cohort studie suggereert dat het beloop 
vann de fysieke kwaliteit van leven gunstiger is op hemodialyse dan op peritoneale 
dialyse. . 

Hett doel van de algemene discussie in Hoofdstuk 6 is onze bevindingen waar 
mogelijkk te integreren en hen te plaatsen in de context van recente literatuur. In de 
HoofdstukkenHoofdstukken 1 tot en met 5 rapporteerden wij de uitkomsten tezamen met hun 
determinanten.. In Hoofiktuk 6 worden de determinanten als uitgangspunt genomen 
enn wordt hun invloed op de verschillende uitkomsten bediscussieerd. Er wordt 
geconcludeerdd dat NEGOSAD-1 heeft laten zien dat in het algemeen vooral 
patiëntfactorenn de uitkomst van dialyse bepalen. In de grotere patiëntengroep van 
NECOSAD-22 kunnen de effecten van dialyse op de uitkomsten verder worden 
bestudeerd,, zowel in de groep als geheel als in subgroepen. Als afsluiting worden 
suggestiess gedaan voor verder onderzoek. 
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Aann het slot van dit proefschrift hoort een woord van dank aan allen die direct en 
indirectt hebben bijgedragen aan de totstandkoming ervan. De lengte van dit 
dankwoordd is bovengemiddeld, maar dat hoort zo bij een studie waar zo veel 
mensenn aan meewerken. 

Graagg wil ik de patiënten bedanken die aan NECOSAD-1 hebben deelgenomen en 
nogg steeds deelnemen. De verpleegkundigen in de deelnemende centra hebben ons 
regelmatigg verteld dat u bereid was vroeger te komen of langer te blijven, omdat er 
eenn NECOSAD-meting gedaan moest worden. Mijn hartelijke dank daarvoor, 
zonderr u was dit onderzoek niet mogelijk geweest. 

Mij nn klinische promotor Prof.dr. R.T. Krediet bewonder ik om zijn grote kennis, 
zijnn gedrevenheid en zijn enthousiasme voor de wetenschap. Beste Ray, bedankt 
voorr alles wat ik van je heb geleerd (en dat is veel). Leuk dat onze samenwerking 
zichh zal voortzetten binnen de ERA-EDTA Registry. 

Mij nn epidemiologische promotor Prof.dr. J.G.P. Tijssen dank ik voor zijn uiterst 
kritischee blik op mijn pennevruchten. Mijn manuscripten zijn er inderdaad beter 
vann geworden. Beste Jan, ook van jou heb ik veel geleerd, mede omdat je denkt 'als 
eenn dokter'. 

Mij nn co-promotor Dr. F.W. Dekker heeft NECOSAD 'methodologische vleugels' 
gegeven.. Beste Friedo, NECOSAD heeft haar goede reputatie met betrekking tot 
dee gekozen statistische analysestrategieën aan jou te danken. Ook de komst van de 
ERA-EDTAA Registry naar het AMC is vooral jouw verdienste. Jammer dat je het 
AMCC hebt verlaten. Gelukkig blijf je betrokken bij NECOSAD en de ERA-EDTA 
Registry. . 

Mij nn klinische co-promotor Dr. E.W. Boeschoten bedank ik voor haar enorme 
inzett voor ons onderzoeksproject. Met name in de eerste jaren 'regelden' wij 
NECOSADD via de telefoon. Beste Els, bedankt voor al je goede adviezen en je 
vriendelijkee opgewektheid ook al belde of faxte ik in het weekend als er weer eens 
deadlinee voor een verslag gehaald moest worden. 

Dee leden van mijn promotiecommissie, Prof.dr. L. Arisz, Prof.dr. G.K. van der 
Hem,, Prof.dr. HA. Koomans, Prof.dr. K.M.L. Leunissen, Prof.dr. K.I. Lie en 
Prof.dr.. E.MH. Mathus-Vliegen dank ik voor het beoordelen van mijn proefschrift. 
Ikk verheug mij op onze gedachtenwisseling. Dear Dr. Khan, I feel honoured to 
havee you as a member of my promotion committee. The number of times that we 
citedd your papers shows that your work has had an important influence on the 
NECOSADD Study. 



Dankwoord Dankwoord 155 155 

Ookk Dr. P. Stevens verdient een prominente plaats. Beste Paul, het is lang geleden 
datt we op de terugweg na een congres de allereerste voorbereidingen voor een 
multicenterr studie op net gebied van de dialysebehandeling bespraken. Wat mij 
aansprakk in die studie was de veelzijdigheid. Veelzijdigheid is de kracht van 
NECOSAD.. Mijn dank voor de gastvrijheid binnen Diatel. Er zijn weinig plaatsen 
waarr het zo prettig werken is. 

Ookk de andere collega's binnen Diatel (zo voelt het nog steeds) dank ik voor hun 
belangstellingg en voor de prettige samenwerking. Waarschijnlijk kunnen julli e mij 
achterr die PC uittekenen. In dit boekje staat waar ik al die tijd mee bezig was. 

Bestee Maruschka, collega van het eerste uur. Bedankt voor alle SAS-adviezen en 
databestanden.. Ik heb onze samenwerking als erg plezierig ervaren. Ik hoop dat je 
'sabbatical'' in de 'States' je toch een beetje bevalt. Geniet er maar van, werken kan 
nogg lang genoeg. 

All  vanaf de start wordt NECOSAD in grote mate 'gedragen' door een grote groep 
dialyse'verpleegkundigen'' (waaronder ook diëtisten, dokters-assistenten en secreta-
ressen)) die zich in hun dialysecentrum op fantastische wijze inzetten voor het 
NECOSADD onderzoek Ook bij het groeiende personeelstekort hebben julli e er 
voorr gezorgd dat de metingen gewoon konden doorgaan. Het was een waar 
genoegenn om met jullie samen te werken. NECOSAD is een multidisciplinair 
onderzoekk in de ware zin des woords. Bedankt! 

Dee leden van de NECOSAD-1 begeleidingscommissie die geen lid zijn van de 
NECOSADD projectgroep staan bij publicaties altijd genoemd als de 'NECOSAD 
Studyy Group'. U heeft de moeite genomen om met ons op donkere winteravonden 
inn Amsterdam-Buitenveldert te komen vergaderen en de meesten van u hebben 
tevenss NECOSAD binnen uw deelnemende dialysecentrum aangestuurd 
II  would like to thank the following members of the NECOSAD-1 Study Group: 
J.. van Geelen, Medisch Centnon Alkmaar, WJ. Bos and H. Büller, Academic Medical 
Center,Center, Amsterdam; R. van Leusen and K. Parle vliet, Ziekenhuis Rijnstate, Arnhem; 
W.Koning-Mulder,, Medisch Spectrum Twente, Enschede; W. Geerlings, Ziekenhuis 
Leyenburg,Leyenburg, s-Gravenhuge; K Valentijn, Rode Kruisziekenhuis, s-Grazenhage; K Huisman, 
EHaiysecentrumEHaiysecentrum Groningen, Graiingpn; J. Gorgels, Keviemer Gasthuis, Haarlem; M. Kooien, 
BoschBosch Medicentrum, s-Henogenbosch; A. van Es, Streekziekenhuis and Didyseoentrum 
't't Gooi, Hilversum; M. Boekhout, Rijnland Ziekenhuis, Leiderdorp-, J. Barendregt and 
K.Leunissen,, Academisch Ziekenhuis, Maastricht; H Vincent, St Antonius Ziekenhuis, 
NieuwEgein;NieuwEgein; F. de Charro, Sticking RENINE, Rotterdam; C. Schroder, Wifabwia 
Kinderziekenhuis,Kinderziekenhuis, Utrecht; P. Vos, Sticking Dianet, Utreobt; P. Gerlag, Sint Joseph 
Ziekenhuis,Ziekenhuis, Veldhoven. 
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Mijnn collega's van het NECOSAD-trialbureau wil ik bedanken voor hun enorme 
inzet,, collegialiteit, behulpzaamheid, belangstelling, loyaliteit, warmte, gezelligheid 
enn bovenal voor hun vriendschap in goede en minder goede tijden. Lieve Ank, 
Barbara,, Roos, Maarten, Carola, Ronald, Petra, Kirsti, José, Lïdwien en Rita, bij 
julli ee kom ik altijd een beetje thuis. Het deed mijn hart pijn om jullie te verlaten. 
Ookk al zwermen we uit, we gaan samen nog veel leuke dingen doen. Ik wens 
Claudia,, Annemieke en Lucia veel werk- en ander plezier toe. 

Dee andere promovendi binnen de NECOSAD-projectgroep, Maarten Jansen en 
Jokee Korevaar wens ik veel succes bij de afronding van hun proefschrift. 

Paull  van Dijk wil ik bedanken voor zijn bijdrage aan de omslag van dit boekje. 
Bestee Paul, voor ons staat er heel wat werk op stapel. Als die surveys ons te veel 
worden,, halen we gewoon die meiden uit Buitenveldert erbij. 

Lievee broer, schoonzussen en zwagers, Cor en Joke, en andere vrienden, het is 
zover.. Nu weten jullie waar ik de afgelopen jaren mee bezig ben geweest. Feest met 
mee mee! 

Lievee Babs en Marja, fijn dat jullie op 7 september als paranimfen naast me willen 
staan.. Dank je wel daarvoor. 

Lievee mama, het is vooral aan jou en papa te danken dat ik heb 'doorgeleerd'. Veel 
hebbenn jullie daarvoor opzij gezet. Ik ben jullie hiervoor heel dankbaar. Het is 
jammerr dat papa er niet meer bij kan zijn. Lieve mam, jou dank ik ook voor je inzet 
alss vliegende keep en kinderoppas. 

Lievee Esmée en Claudia, dit is dus het boek, dat mama aan het schrijven was. Jullie 
hebbenn niet veel aan me gehad de laatste tijd, maar nog een paar weekjes en dan 

opp naar Disneyland Parijs! 

Lievee Eric, ik denk dat er niet veel vrouwen zijn die van hun (tevens full-time 
werkende)) echtgenoot zo veel 'werk'ruimte krijgen als jij mij hebt gegeven. Dit 
proefschriftt is daarom opgedragen aan jou. Het wordt de hoogste tijd dat ik mijn 
helftt van onze gezamenlijke taken weer naar behoren ga vervullen. 
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Stel l ingenn behorende bij het proefschrift 

'Determinantss of O u t c o m e in Dia lys i s ' 

Kit/}Kit/}  jc/ot'/; Amsterdam, " september 2(100 

!.. Internationale standaardisatie van tic classificatie van comorbiditcit vergroot 

hett inzicht in tie oorzaken van verschillen in ovcrlevmgscijters van dialvse-
p<< ipnlaries. dit proefschrift 

2.2. Binnen tie huidige variatie in verstrekte dialvsedosis bepalen vooral patiënt-
gebondenn factoren de uitkomsten van dialvscbchandcling, dit proefschrift 

3.. ( joede bloeddrukregulatie en de afwezigheid van ovcrvulhng verdienen een 
belangrijkee plaats in de definitie van adecjuate dialvse. dit proefschrift 

4.. De serum albumineconcentratie is een slechte marker voor de voedings-

toestandd van dialvsepatiënten. dit proefschrift 

5.. ( )ndcrzock naar het optimaliseren van elk der dialvsemodaliteiten zal op den 

duurr meer winst voor tic patiënt opleveren dan onderzoek naar verschillen in 

patiëntoverlevingg tussen deze modaliteiten. 

o.. Prospective studies are needed to determine whether anti-bacterial or anti-viral 

treatmentt mav improve the cardiovascular and nutritional status of dialysis 

patients.. P. Stenvwkel et a/.: Xephivl Dial Transplant 15:953-960, 2000 

~.~. I'.en correctie voor baseline verschillen tussen groepen verhult soms meer dan 

datt de/e verheldert. 

8.. De invoering van een 'geen bezwaar' systeem voor orgaandonatie zal de 
mortaliteitt onder dialysepatiënten doen toenemen. 

9.. In een maatschappij die van elk individu verlangt dat deze deelneemt aan het 

arbeidsproces,, behoort een goed georganiseerde voor een ieder toegankelijke 
kinderopvangg tot de eerste "lcvcns"bchocftcn. 

In.. "1 he important thing is to not stop t|iicslioning." filbert ïiitisteiii 





Netherlandss Cooperative Study 
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