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

7.1 Hemodialysis versus peritoneal dialysis: patient outcomes 

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

7.2 Determinants of patient outcomes 

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

Comorbidity 

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

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

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

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

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

Nutritional status 

The nutritional status in dialysis patients is multifactorial and includes inadequate intake 
of nutrients, loss of nutrients into dialysate, intercurrent illnesses, uremic toxins and 
endocrine abnormalities.18 We studied parameters such as serum albumin, body mass 
index, lean body mass, malnutrition index, and protein catabolic rate. The number of 
parameters of nutritional status shows that the assessment of nutritional status in dialysis 
patients is not well established. Our finding that none of these parameters of nutritional 
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status was unambiguously related to patient outcomes further illustrates this. 
In many studies, low serum albumin has been identified as an important risk factor 

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

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

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

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

Hemoglobin 

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

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

Blood pressure 

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

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

Residual renal function 

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

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

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

Adequacy of dialysis 

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

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

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

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

7.2 Quality of life outcome measures 

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

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

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

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

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

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

Implications for clinical practice 

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

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

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

To facilitate the use of QL outcomes, further psychometric evaluation and adaptation 
of existing QL measures regarding their interpretation and responsiveness to health 
changes are necessary. Although scales based on the Classical Test Theory yield many 
practical results, modern psychometric methods, in particular Item Response Theory 
(IRT), may offer new directions for outcome research.38 The basic idea is that IRT makes 
it possible to calibrate hierarchically items on an interval-level 'ruler', i.e. the underlying 
QL continuum. With this approach one has the possibility to interpret univocally the 
clinical meaning of the patient's item score. By placing persons with various clinical 
conditions and different ability levels on the same linear ruler, one also has the 
opportunity to compare different cohorts of ESRD patients or to perform cross-disease 
comparisons. 
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