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INTRODUCTION

End-stage renal disease 
Kidneys are essential to a person’s health, as these organs are responsible for many 
processes in the human body. The three most important functions of the kidneys are to 
remove (toxic) waste products and excess water from the body, to regulate the blood pH, 
and to produce hormones to regulate the production of red blood cells and blood pressure.1

A patient’s kidney function can be determined by estimating the glomerular filtration rate 
(GFR), which indicates the rate of filtering fluids through the kidneys. For healthy adults the 
level of GFR is between 90 and 140 ml/min/1.73m2, but GFR decreases progressively with 
age in all adults.1-3 Several factors like the presence of diabetes mellitus or an untreated 
high blood pressure may cause a more rapid decline in kidney function.1;4

There are several markers to be used in the clinical assessment of kidney disease. These 
markers include albuminuria, abnormalities in urine sediment, electrolyte and other 
abnormalities due to tubular disorders, and abnormalities detected by histology or imaging 
techniques.4;5 All individuals with abnormalities of kidney structure or function, i.e. markers 
of kidney damage or a GFR <60 mL/min/1.73 m2, for at least three months with implications 
for health, are classified into one of the five stages of chronic kidney disease.4

The severity of the disease increases with every stage. There is a small proportion of 
patients who eventually progress towards stage 5 chronic kidney disease. The GFR in this 
stage has decreased to 15 ml/min/1.73 m2 or lower and patients and their nephrologists 
need to consider starting with renal replacement therapy.6 From the moment that renal 
replacement therapy is required to sustain the patient’s life, stage 5 chronic kidney disease 
is being referred to as “end-stage renal disease”. 

Renal replacement therapy 
Once renal replacement therapy is required, there are two options; treatment with dialysis or 
kidney transplantation. The latter is regarded as the optimal treatment for the patient, 
because it results in the best survival, best preserves the patient’s autonomy and enables 
the patient to live a life that is as normal as possible.7 This is reflected in the patient’s quality 
of life, which is rated higher by transplanted patients than by patients receiving dialysis 
treatment.8;9

However, not all patients are considered eligible for a kidney transplantation, for example 
those with severe cardiovascular or peripheral vascular disease or with disseminated 
malignancy.10 Furthermore, since there are extensive waiting lists due to a shortage of donor 
kidneys, most patients start renal replacement therapy with dialysis.11 The average waiting 
time for transplantation differs between countries due to differences in factors such as 
legislation, transplant system organisation, and infrastructure. In addition, waiting time varies 
with patient characteristics like blood type, HLA classification and medical urgency. In the 
Netherlands, the average time on dialysis before receiving a kidney transplant is currently 
3.7 years.12

Starting renal replacement therapy 
Over the last decade there has been a trend towards starting dialysis at higher levels of 
estimated GFR (eGFR), a measure frequently used to evaluate kidney function.13-15 It has 
been suggested that this results in a start before the development of severe signs and 
symptoms, when the patient still has a good nutritional status and a substantial residual 
kidney function, and can make a so-called healthy start.16;17 However, as soon as dialysis 
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treatment is initiated the GFR may further deteriorate.18 Since residual kidney function is 
associated with a better nutritional status and has an important contribution to the overall 
health of dialysis patients, the patient’s quality of life decreases with a decline in residual 
kidney function.19;20

Several studies suggested that starting renal replacement therapy at higher levels of kidney 
function is associated with worse patient survival.21-23 The results of a randomised controlled 
trial aiming to explore the relationship between starting dialysis with a high (10-14 
mL/min/1.73 m2) versus a low (5-7 mL/min/1.73 m2) eGFR were published in 2009.24

However, for the patients randomised to start at a low eGFR the study protocol permitted 
starting dialysis before reaching 7 ml/min/1.73m2 if the treating nephrologist considered this 
necessary. The trial results did not show a difference in survival between patients who 
started dialysis with high or low eGFR levels. Nevertheless, 76% of patients randomly 
assigned to start at low levels of eGFR actually started at higher levels because of the 
presence of uraemic signs and symptoms. Although the patients who were randomised to 
start at low levels of eGFR started six months later than the patients randomised to start at 
higher levels, there only was a relatively small difference in eGFR between the groups. This 
emphasizes the importance of the patient’s clinical status in the decision-making by 
nephrologists regarding the timing of renal replacement therapy.  
Better knowledge on other factors involved in the decision-making process by nephrologists 
is important to inform future studies aiming to relate the patient’s kidney function and clinical 
status to patient prognosis. 

Not starting renal replacement therapy - a conservative approach 
Although dialysis is life sustaining, the burden of the treatment is substantial. The dialysis 
sessions are time consuming and afterwards patients often feel very tired.25 In addition, 
dietary restrictions to control fluid, salt and protein intake are necessary in order to prevent a 
further decline of the kidney function and an accumulation of waste products in between 
dialysis sessions. On top of the symptom burden of the kidney disease itself and of 
treatment burden, patients will need to adapt their daily life drastically.26

Not all patients actually start dialysis, for example patients themselves may choose not to 
pursue treatment with dialysis.27;28 For other patients, such as vulnerable elderly or very ill 
patients, dialysis treatment may further worsen their health status and/or quality of life and 
the nephrologist’s advice may be not to start this treatment.29;30 The benefits of receiving 
dialysis may not outweigh its burden for these patients, and therefore in some cases 
providing conservative care may be a good alternative.31;32

Without providing renal replacement therapy, conservative care focuses on slowing the 
decline in renal function, but additionally on achieving the best possible quality of life by 
relieving suffering and controlling symptoms. It involves advance care planning as well as 
the provision of appropriate end-of life care in the context of physical, social and 
psychological beliefs of the patient.33

Over the last decades the acceptance rate for renal replacement therapy and the patients’ 
age at the start of dialysis has increased. As a result, the proportion of older end-stage renal 
disease patients with comorbidity at the start of renal replacement therapy has increased.34

The life expectancy of those older and sicker patients may be very limited.35 Dialysis 
treatment will sustain life for a certain period of time, but patients may have to spend an 
important part of this prolonged survival time on dialysis days or hospital admissions.31

Epidemiological studies on the provision of conservative care in Europe and knowledge 
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about which factors are considered important in the decision-making process regarding not 
starting with renal replacement therapy are currently lacking. 

Providing dialysis treatment – the initial dialysis modality choice  
As soon as the decision to start with dialysis has been made, the patient and nephrologist 
need to decide upon the optimal dialysis modality for this individual patient: haemodialysis 
(HD) or peritoneal dialysis (PD).  
For treatment with HD, the patient visits a dialysis centre three or four times per week, for a 
dialysis session of three to eight hours. During a dialysis session, the patient is connected to 
a dialysis machine (Figure 1). The patient’s blood circulates through this machine to be 
filtered by diffusion across a non-biological membrane. Small molecules like waste products 
and excess water will cross the membrane and be removed, while larger molecules such as 
proteins cannot cross this membrane and will remain in the blood. If the medical condition of 
the patient permits, this treatment can be performed at home. This also depends on whether 
the patient is living alone or with a partner, and on the patient’s willingness and capability to 
be responsible for each dialysis session.1;36

With PD a dialysis solution (1.5 to 3 liter) is infused in the patient’s abdominal cavity, where 
it remains for four to six hours. The peritoneum, a membrane lining the abdominal cavity, 
acts as the filtering membrane (Figure 1). The small blood vessels in the peritoneum allow 
waste products and excess fluid to pass from the blood into the dialysis solution and by 
emptying the abdominal cavity these products and fluids will leave the patient’s body. The 
process of emptying and filling the abdomen should be performed manually three or four 
times per day or by a machine overnight. Treatment is usually performed by the patients 
themselves at home.1

Fig 1: Schematic overview of HD (left) and PD (right).

Only for specific patient groups substantial survival benefits for HD or PD have been 
suggested.37-39 Therefore, if medical contraindications are absent, modality choice mainly 
depends on factors like the patient’s and physician’s preference, social support, and 
capacity in the dialysis centres.40
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The ERA-EDTA Registry
A large share of the work in this thesis is based on data from the registry of the European 
Renal Association - European Dialysis and Transplant Association (ERA-EDTA). On a 
yearly basis, the ERA-EDTA Registry collects data on European end-stage renal disease 
patients receiving renal replacement therapy. The ERA-EDTA Registry was established in 
1965. Since June 2000 the Registry office has been housed in the Department of Medical 
Informatics in the Academic Medical Center in Amsterdam, The Netherlands. The Registry 
collects aggregated and individual patient from national and regional registries in the ERA-
EDTA area. An annual report is produced to present and summarize these data.
For the research in this thesis we used the data from countries providing the ERA-EDTA 
Registry with individual patient data. These include the patient's date of birth, sex, cause of 
renal failure, history of renal replacement therapy with dates of start and changes in 
treatment modality, treatment centre, and date and cause of death. 

OBJECTIVES
The research reported in this thesis aims to contribute to the knowledge related to the start 
of renal replacement therapy in patients with end-stage renal disease. The objectives are 
threefold;  
1) To examine opinions of European nephrologists about which clinical, social, or logistical 
factors influence their decision on whether and when to start renal replacement therapy.  
2) To investigate the association of medical and non-medical factors with dialysis modality 
choice. These factors include demographic and co-morbid factors, as well as 
macroeconomic factors and renal service indicators. 
3) To study dialysis modality specific patient survival and its trends in relation to 
contemporary changes in dialysis modality choice, technique survival and (pre-emptive) 
transplant rates in Europe. 

OUTLINE OF THIS THESIS 

Chapter 2 comprises a summary paper of the 2009 ERA-EDTA Registry Annual Report and 
provides an overview of the epidemiology of renal replacement therapy in Europe.  

For Chapter 3 we performed an online survey to evaluate nephrologists’ opinions on when 
to start renal replacement therapy. The results show which social, clinical and logistical 
factors are considered important in the decision-making by nephrologists. 

Chapter 4 presents the second part of this online survey and focused on which factors are 
taken into account by nephrologists when they decide not to start renal replacement therapy 
but to provide conservative care instead. This study also describes the occurrence of 
conservative care in Europe and the patient involvement in the decision-making process. 
In Chapter 5 we examined dialysis modality choice for subgroups of patients based on age, 
sex, and the presence of diabetes, cerebro- or cardiovascular disease, ischaemic heart 
disease, or malignancy at the start of dialysis. We additionally evaluated whether dialysis 
modality choice was in line with patient survival in these groups of patients. 

In Chapter 6 we compared the survival of patients with diabetes as primary cause of renal 
failure (diabetic nephropathy) with that of patients with diabetes as co-morbid condition. 
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Chapter 7 presents the patient characteristics, macroeconomic factors, and renal service 
indicators that are associated with the proportion of patients in a country starting dialysis on 
PD. For this study we used data from the EVEREST study (Explaining the Variation in 
Epidemiology of RRT through Expert opinion, Secondary data sources and Trends over 
time).

Chapter 8 describes the temporal trends in dialysis modality specific patient survival and 
discusses them in relation to changes in technique survival, transplantation activity and 
modality choice over the same period. These changes are then put in the perspective of 
trends in dialysis modality specific incidence and prevalence. 

Finally, the results of all chapters are summarised and discussed in the general discussion 
in Chapter 9. This final chapter additionally puts the results in a broader perspective and 
elaborates on ideas for future research. 
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ABSTRACT

   

Introduction This study provides a summary of the 2009 ERA-EDTA Registry Report, 
with a focus on the differences in the incidence and prevalence of 
haemodialysis (HD), peritoneal dialysis (PD) and renal transplantation 
between countries and over time. 

Methods For this report, 56 data sets on renal replacement therapy (RRT) from 
national and regional registries in 30 countries in Europe and bordering the 
Mediterranean Sea were available. Data sets with individual patient data 
were received from 26 registries, whereas 19 registries contributed data in 
aggregated form. For both types of registries, we present incidence, 
prevalence and transplant rates. Survival analysis is based on individual 
patient records. 

Results In 2009, the overall incidence rate of RRT for end-stage renal disease 
(ESRD) among all registries reporting to the ERA–EDTA Registry was 125 
per million population (pmp). Incidence rates varied from 259 pmp in Turkey 
to 19 pmp in Ukraine and the mean age of patients starting RRT in 2009 
ranged from 47.6 years in Russia to 69.5 year in Dutch-speaking Belgium. 
When examining the relative change of the HD, PD and transplantation 
distribution (at Day 91 after the start of RRT) between 2005 and 2009, we 
found overall a 0.5% decrease in HD, 1.4% decrease in PD utilization and 
an 1.8% increase of the share of patients living on a functioning graft. The 
overall prevalence of RRT for ESRD as of 31 December 2009 was` 730 
pmp. The highest prevalence was reported by Portugal (1507 pmp) and the 
lowest by Ukraine (101 pmp). In Norway, 70% of the patients on RRT were 
living with a functioning graft (591 pmp) at 31 December 2009. The number 
of transplants performed pmp in 2009 was highest in Spain (Cantabria) (78 
pmp). For the cohort 2000–04, the adjusted 1-, 2- and 5-year survival of 
patients on RRT was 87.4% (95% CI: 87.2–87.7), 78.5% (95% CI: 78.2–
78.8) and 56.3% (95% CI: 55.9–56.7), respectively.
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INTRODUCTION

This summary of the 2009 ERA–EDTA (European Renal Association–European Dialysis and 
Transplant Association) Registry Report includes data on renal replacement therapy (RRT) 
using 56 datasets from national and regional registries in 30 countries in Europe and 
bordering the Mediterranean Sea (Figure 1). Datasets with individual patient data for 
analysis were received from 26 national and regional registries in 14 countries, whereas 19 
national registries from 19 countries contributed data only in aggregated form. 

Figure 1: Incidence of RRT pmp at Day 1, 2009. (B&H, Bosnia–Herzegovina; FYROM, former 
Yugoslav Republic of Macedonia.) 

For both types of registries, we present incidence and prevalence data as well as 
transplant rates. In this article, we focus on differences in the incidence and prevalence of 
treatment modality, i.e. haemodialysis (HD), peritoneal dialysis (PD) and renal 
transplantation, between countries and over time. Survival analysis used the data from 
countries and regions that provided individual patient records. 
More detailed data than those presented in the paper can be found in the 2009 ERA–
EDTA Registry Report1 that is also available on www.era-edta-reg.org. 

The incidence of RRT for end-stage renal disease across Europe 
In 2009, the overall incidence rate of RRT for end-stage renal disease (ESRD) among all 
registries reporting to the ERA–EDTA Registry was 125 per million population (pmp). 
Figure 2 shows that the highest incidence rates at Day 1 were reported by Turkey (259 
pmp), Portugal (240 pmp) and Greece (205 pmp), whereas incidence rates <100 pmp 
were reported by Ukraine (19 pmp), Montenegro (30 pmp), Russia (33 pmp), Estonia (51 
pmp), Finland (83 pmp), Iceland (88 pmp), Latvia (89 pmp), UK, Northern Ireland (90 
pmp), Spain, Castille-La Mancha (94 pmp) and the FYR of Macedonia (97 pmp). The 
incidence rate of RRT for diabetic ESRD was highest in Turkey (88 pmp), Israel (83 pmp) 
and Spain, Canary Islands (73 pmp), while the registries of Iceland, Spain, Castille-La 
Mancha, Romania, the Netherlands, Ukraine, Montenegro, Russia, Estonia and Latvia 
reported incidence rates for ESRD due to diabetes mellitus <20 pmp. In addition, both the 

100 pmp 

100-150 pmp 

>150 pmp 

No data available 
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mean and median age of patients starting RRT in 2009 is presented in Figure 2. The mean 
age ranged from 47.6 years in Russia to 69.5 years in Belgium (Dutch- speaking), while 
the overall mean age was 62.9 years. 

Figure 2: Incidence of RRT pmp at day 1 in 2009 for all patients and for patients with diabetes mellitus 
as PRD and mean (median) age in years, unadjusted. Figures include data from renal registries 
providing individual patient data (left figure) and aggregated data (right figure). 

Table 1 shows the unadjusted incidence rate of RRT per million age-related population 
(p.m.a.r.p.) at Day 1 by age group. For the age group 0–19 years at the start of RRT, data 
were available for 20 registries from 13 countries. For an overview of paediatric RRT, data 
collected from those registries please visit www.espn-reg.org. 
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Table 1: Incidence of RRT p.m.a.r.p. at Day 1 by age group, unadjusted 
Country/region providing  
individual patient data 

0-19
(pmarp) 

20-44
(pmarp) 

45-64
(pmarp) 

65-74
(pmarp) 

75+
(pmarp) 

Austria 11.3 38.6 185.9 458.3 497.4 
Belgium       
Dutch-speakinga  45.4 164.0 606.2 958.7 
French speakinga  57.5 234.7 616.8 840.0 
Denmark 14.6 54.4 144.1 367.5 457.6 
Finland 5.7 38.7 118.5 242.6 172.5 
France (16 of 26 regions)b 8.3 43.9 147.1 398.7 626.0 
Greece 8.2 40.8 196.1 588.4 888.1 
Iceland 0 35.0 78.7 516.9 437.8 
Italy (12 of 20 regions)c 4.2 40.4 143.0 385.6 556.4 
Norway 9.7 44.3 155.9 363.7 429.9 
Romania 7.4 50.3 197.0 325.6 215.6 
Spain      
Andalusia 6.5 40.6 180.4 400.7 412.3 
Asturias 13.1 47.0 172.9 276.3 317.9 
Basque country 18.8 35.5 139.7 430.7 350.6 
Canary Islands 2.3 47.3 232.7 739.9 682.1 
Cantabriaa  36.3 187.9 367.9 133.5 
Castille and Leona  37.0 118.4 319.8 343.4 
Castille-La Manchaa  30.8 134.9 254.1 322.0 
Catalonia 13.0 49.0 171.0 431.6 534.6 
Extremadura 4.4 22.6 148.1 304.6 347.7 
Galicia 4.5 31.9 160.0 360.1 357.8 
Valencian region 6.0 37.9 165.9 396.1 638.7 
Sweden 11.0 47.7 147.8 358.8 425.9 
The Netherlands 10.9 40.7 143.1 365.7 529.9 
UK, all countriesa  52.0 142.2 309.6 349.7 
Englanda  52.2 146.8 310.5 344.3 
Northern Irelanda  44.7 96.4 315.4 417.8 
Scotland 13.6 52.0 124.3 297.9 321.2 
Walesa  51.8 122.5 311.4 447.5 

a Patients < 20 years of age are not reported. b Data based on the regions Alsace, Auvergne, Bourgogne, Bretagne, 
Champagne-Ardenne, Corse, Haute Normandie, Languedoc-Roussillon, Limousin, Midi-Pyrenees, Pays de Loire, 
Picardie, Poitou-Charentes, Provence-Alpes-Cote d’Azur, and Rhone-Alpes. c Data based on the regions Abruzzi, 
Apulia, Basilicata, Calabria, Emilia-Romagna, Friuli-Venezia Giulia, Lombardy, Marche, Sardinia, Tuscany, Umbria, 
and Veneto. 

In Table 2, we present the incidence of RRT at Day 1 over the period from 2005 to 2009 for 
countries and regions providing individual patient data, adjusted for age and gender 
distribution. Only those countries and regions with complete data from 2005 onwards are 
presented in this table. The incidence of the different treatment modalities (HD, PD and 
transplantation) in 2009 was measured as the number of patients pmp on a treatment 
modality at Day 91 of RRT (Table 3). Whereas incidence rates of HD were highest in Turkey 
(176 pmp), Greece (167 pmp), Israel (155 pmp) and in Dutch-speaking and French- 
speaking Belgium (154 and 153 pmp, respectively), the incidence rates for PD were highest 
in Sweden (39 pmp), Denmark (35 pmp) and Spain, Basque country (29 pmp). The highest 
incidence rates of patients living on a functioning graft at Day 91 of RRT were observed in 
Norway 19 pmp) and the Netherlands and Spain, Catalonia (both 12 pmp). 
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Table 2: Incidence of RRT pmp at Day 1 over the period 2005-2009 for countries and regions providing 
individual patient data, adjusted for age and gender distribution. 
Country/region providing 
individual patient data 

2005
(pmp)

2006
(pmp)

2007
(pmp)

2008
(pmp)

2009
(pmp)

All countries 130.8 131.7 129.5 129.1 127 
Austria 155.2 160.9 154.8 150.8 145 
Belgium       
Dutch-speaking 172.8 178.5 174.3 173.5 181.3 
French-speaking 180.6 190.9 190.5 194 198.7 
Denmark 124.1 122.5 147.9 125.3 126 
Finland 96.2 86 90.2 92.3 79.7 
Greece 181.8 182.4 174.5 181.4 182.4 
Iceland 85.2 83.9 94.2 89.1 111.5 
Italy (Calabria) 135.9 133.4 145.5 151.2 138.4 
Norway 105.9 106.7 119.6 119.4 121.6 
Spain      
Andalusia 146.2 143.7 131.4 135.9 128.6 
Asturias 104.9 112.1 108.7 109.3 112.1 
Basque country 112.5 103.2 104.9 100.5 117.5 
Cantabria 151 118 99.7 103.3 102.3 
Castille and Leon 99.2 104.5 104.2 108.5 96.3 
Castille-La Mancha 121.4 107.1 98.5 98.3 93.1 
Catalonia 149.5 133.6 142.3 140.7 142.3 
Extremadura 116.4 127.7 97.8 127.2 100.4 
Valencian region 147.5 153.1 147.1 136.3 139.3 
Sweden 116.1 124 122.6 116.9 119.3 
The Netherlands 115.5 119.9 122.9 128.5 125.3 
UK, all countries 115.3 116.8 112.7 111.6 108.8 
England 111.5 115 110.7 111.9 109.5 
Northern Ireland 161.6 142.1 129.6 123 100.6 
Scotland 126.4 117 113.7 106.8 104.1 
Wales 128 131.6 136.2 111 110.6 

Finally, Figure 3 presents the distribution of the different treatment modalities in 2005 and 
the change in this distribution over the subsequent 5 years (2005–09). Overall, we found a 
0.5% decrease in HD and 1.4% decrease in PD utilization at Day 91, whereas the share of 
patients living on a functioning graft increased with 1.8% between 2005 and 2009. The 
increase over time in HD utilization was highest in Iceland (113%), UK, Northern Ireland 
(19.9%), UK, Wales (17.5%) and UK, Scotland (17.4%), while in Norway a decrease of 7.4% 
was observed. The largest decreases in PD utilization were found in the Netherlands (5.0%) 
and the UK, Northern Ireland (12.8%), Wales (7.2%) and Scotland (8.0%), whereas PD 
utilization increased in Sweden (14.4%). The share of patients living on a functioning graft at 
Day 91 after the start of RRT decreased between 2005 and 2009 with 11% in Iceland and 
increased with 4% in Norway and the Netherlands. 
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Table 3: Incidence of RRT pmp at Day 91 in 2009 by treatment modality, unadjusteda 

 

 
 a) When cells are left empty, complete data are unavailable. HD, haemodialysis; PD, peritoneal dialysis; Tx, kidney 
transplantation. Data based on the regions b) Alsace, Auvergne, Bourgogne, Bretagne, Centre, Champagne-Ardenne, 
Corse, Haute-Normandie, Ile de France, Languedoc-Roussillon, Limousin, Lorraine, Midi-Pyrénées, Nord-Pas de 
Calais, Pays de Loire, Picardie, Poitou-Charentes, Provence-Alpes Côte d’Azur et Rhône-Alpes and the overseas 
department of Reunion. c) Alsace, Auvergne, Bourgogne, Bretagne, Champagne-Ardenne, Corse, Haute Normandie, 
Languedoc Roussillon, Limousin, Midi-Pyrénées, Pays de Loire, Picardie, Poitou-Charentes, Provence-Alpes-Côte d 
Azur, Rhône Alpes and the overseas department of Reunion. d) Abruzzi, Apulia, Basilicata, Calabria, Emilia Romagna, 
Friuli-Venezia Giulia, Lombardy (part), Marche, Sardinia (part), Sicily, Trentino-Alto Adige, Tuscany (part), Umbria and 
Veneto. e) Abruzzi, Apulia, Basilicata, Calabria, Emilia-Romagna, Friuli-Venezia Giulia, Lombardy, Marche, Sardinia, 
Tuscany, Umbria and Veneto. f) Andalusia, Aragon, Asturias, Balearic Islands, Basque country, Canary Islands, 
Cantabria, Castille and Leon, Castille-La Mancha,Catalonia, Extremadura, Galicia, La Rioja, Navarre, Valencion region 
and the overseas cities Ceuta and Melilla. 
 

All HD PD Tx Unkn/ 
missing

All HD PD Tx Missing Country/region providing 
individual data 

pmp pmp pmp pmp pmp 

Country/region 
providing 
aggregated data pmp pmp pmp pmp pmp 

Austria 979 457 45 476 0 
Bosnia and 
Herzegovina 139.7 130.8 8.3 0.3 0.3 

Belgium      Bulgaria 105.2 103.2 2.0  0 
Dutch-speaking 179.7 153.8 24.3 1.5 0 Croatia 133.6 118.5 13.5 1.6 0 
French-speaking 181.8 153.3 25.0 3.5 0 Czech Republic 150.8 142.0 8.8  0 
Denmark 118.2 74.4 35.2 8.5 0 Estonia 49.4 25.4 17.2 6.7 0 
Finland 81.0 54.8 26.0 0.2 0 France (20/26 regions)c 135.3 112.6 13.4 9.3 0 
France (16/26 regions)b 135.7 112.6 17.4 5.8 0 FYR of Macedonia 81.6 78.6 1.5 1.5 0 
Greece 183.6 166.9 16.0 0.6 0 Israel 177.9 155.4 16.4 6.1 0 
Iceland 84.8 62.8 12.6 9.4 0 Italy (14/20 regions)d 151.3 131.6 18.4  1.3 
Italy (12/20 regions)e 139.3 116.4 20.6 2.2 0 Latvia 71.7 64.5 6.7 0.4 0 
Norway 109.1 67.1 22.8 19.3 0 Montenegro 26.9 20.5 0 6.3 0 
Romania 103.9 90.4 11.0 2.5 0 Poland      
Spain      Portugal      
Andalusia 116.9 99.6 14.2 3.2 0 Russia      
Asturias 121.3 97.4 21.8 2.1 0 Serbia 135.8 110.3 20.4 0 5.1 
Basque country 124.6 92.9 29.4 2.3 0 Slovakia 140.9 134.8 6.1   
Canary Islands 162.5 141.6 20.4 0.5 0 Spain (17/19 regions)e      
Cantabria 101.6 67.7 28.8 5.1 0 Turkey 196.9 175.8 21.0  0 
Castille and Leon 113.6 89.0 23.8 0.8 0 Ukraine 15.6 13.1 2.6  0 
Castille-La Mancha 91.9 79.0 9.1 3.8 0       
Catalonia 136.0 109.0 15.6 11.5 0       
Extremadura 102.9 82.4 20.8 0 0       
Galicia 131.0 106.1 22.3 2.6 0       
Valencian region 135.6 120.7 12.8 2.2 0       
Sweden 114.4 67.0 39.1 8.3 0       
The Netherlands 112.8 80.3 20.8 11.7 0       
UK, All countries 100.4 74.2 19.2 6.7 0.4       
England 101.3 73.4 20.2 7.2 0.4       
Northern Ireland 87.0 76.8 7.5 3.4 0       
Scotland 94.5 74.9 16.0 3.7 0       
Wales 110.2 87.9 17.8 4.6 0       
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Figure 3. Relative change in HD, PD, and Tx at day 91 in 2009 compared to 2005.
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The prevalence of RRT for ESRD across Europe 
The overall prevalence among all registries reporting to the ERA–EDTA Registry was 730 
pmp Figure 4 shows that the prevalence of RRT pmp at 31 December 2009 was highest in 
Portugal (1507 pmp), Belgium (French-speaking) (1193 pmp) and Spain, Catalonia (1160 
pmp). The lowest prevalence was reported by Ukraine (101 pmp) and Russia (170 pmp). 
Additionally, the mean and median age of prevalent patients on RRT at 31 December 2009 
are presented in Figure 2. The mean age ranged from 46.9 in Russia to 64.6 in Belgium 
(Dutch-speaking), while the overall mean age was 58.8 years. Table 4 shows the unadjusted 
prevalence of RRT p.m.a.r.p. on 31 December 2009, by age group and in Table 5, we 
present the prevalence of RRT at 31 December per year over the period from 2005 to 2009 
for countries and regions providing individual patient data, adjusted for age and gender 
distribution. Only those countries and regions with complete data from 2005 onwards are 
presented in this table.  

Table 4. Prevalence of RRT per million age-related population (pmarp) on December 31, 2009, by age 
group, unadjusted.  

Country/region providing  
individual patient data 

0-19
pmarp

20-44
pmarp

45-64
pmarp

65-74
pmarp

75+
pmarp

Austria 63.5 453.0 1570.4 2534.8 1952.2 
Belgium
Dutch-speaking* 413.5 1453.6 2967.8 3778.9 
French-speaking* 496.7 1794.9 3358.9 3709.7 
Denmark 73.8 545.4 1266.5 1973.7 1776.1 
Finland 96.4 433.2 1265.9 1811.3 1207.6 
France (16 of 26 regions)a 51.1 529.4 1513.7 2553.7 2713.2 
Greece 49.3 430.7 1419.8 2704.7 2981.4 
Iceland 44.3 489.9 787.5 1499.0 1258.6 
Italy (12 of 20 regions)b 33.3 419.7 1420.0 2674.6 3199.2 
Norway 67.2 488.0 1364.5 2390.4 1801.7 
Romania 26.5 288.5 962.1 1268.8 765.2 
Spain
 Andalusia 55.8 506.2 1691.8 2691.8 2389.4 
 Asturias 45.7 454.7 1408.6 2115.2 1756.2 
 Basque country 83.4 470.5 1599.8 2699.7 1939.8 
 Canary Islands 18.8 521.9 1817.7 3546.2 3089.8 
 Cantabria* 408.1 1371.6 2432.2 1451.4 
 Castille and Leon* 433.5 1428.0 2179.0 2011.4 
 Castille-La Mancha* 422.2 1574.3 2498.5 2011.2 
 Catalonia 63.6 476.3 1811.0 3346.1 3027.0 
 Extremadura 8.9 551.8 1533.0 2152.3 1800.7 
 Galicia 27.2 511.8 1582.8 2503.7 1874.7 
 Valencian region 60.7 455.6 1674.3 2943.4 3208.5 
Sweden 70.5 466.8 1463.9 2166.4 1631.0 
The Netherlands 67.4 496.1 1345.9 2299.5 2179.9 
UK, All countries* 542.8 1325.2 1895.0 1700.8 
England* 534.6 1329.6 1918.0 1695.2 
Northern Ireland* 552.2 1278.5 2258.1 2245.4 
Scotland 85.8 612.1 1323.3 1623.4 1385.2 
Wales* 564.9 1281.4 1813.1 2033.2 

    * Patients younger than 20 years of age are not reported.
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Figure 4. Prevalence of RRT per million population (pmp) at day 1 in 2009 for all patients and for 
patients with diabetes mellitus as primary renal disease and mean age (years), unadjusted. Figures 
include data from renal registries providing individual patient data (left figure) and aggregated data (right 
figure). Data from Czech Republic, Israel, Italy (14 of 20 regions), and Slovakia include dialysis patients 
only. In Italy the prevalence of RRT is underestimated by approximately 11%, due to an estimated 25-
30% underreporting of patients living on a functioning graft. 
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Table 5. Prevalence of RRT at December 31, 2009 over the period 2005-2009 per million population 
(pmp), adjusted for age and gender distribution.  

2005 2006 2007 2008 2009 
Country / regions providing

individual patient data 

pmp pmp pmp pmp pmp 

All countries 827.1 847.3 867 889.2 910.1 
Austria 887.4 909.8 928.4 972.4 958.7 
Belgium
Dutch-speaking 948.6 978.9 1003.5 1027.6 1054.9 
French-speaking 1056.4 1101.9 1137.5 1175.2 1217.0 
Denmark 778.2 786.4 823.8 830.2 833.2 
Finland 704.2 710.8 724.0 740.2 747.3 
Greece 912.4 926.0 941.6 956.9 974.7 
Iceland 540.5 541.0 577.6 587.5 613.0 
Italy (Calabria) 947.1 954.1 971.1 971.0 965.4 
Norway 770.8 790.7 819.7 852.4 876.7 
Spain
Andalusia 1033.2 1029.5 1011.6 1027.6 1046.2 
Asturias 826.7 834.6 830.2 840.0 850.4 
Basque country 911.0 922.6 937.1 945.8 975.7 
Cantabria  801.2 795.5 785.3 796.2 815.7 
Castille and Leon 820.7 828.4 823.6 844.0 853.4 
Castille-La Mancha 934.7 939.9 938.1 935.7 929.7 
Catalonia  1079.5 1079.8 1117.0 1142.6 1169.1 
Extremadura 850.7 871.1 873.8 892.9 915.2 
Valencian region 1087.6 1095.1 1099.6 1090.4 1099.0 
Sweden 805.6 828.5 841.7 848.2 860.8 
The Netherlands 761.2 794.9 818.8 857.5 897.7 
UK, all countries 720.1 746.8 778.3 804.7 829.5 
England 709.6 737.6 769.7 799.9 827.0 
Northern Ireland 847.2 874.3 890.6 905.3 898.8 
Scotland 767.3 785.8 809.6 817.6 829.4 
Wales 730.6 759.2 814.8 817.3 840.5 

As presented in Table 6, the prevalence of HD at 31 December 2009 was highest in 
Portugal (908 pmp), Italy (14 of 20 regions, 905 pmp) and Greece (782 pmp) and lowest in 
Ukraine (76 pmp), Russia (121 pmp) and Estonia (154 pmp). The prevalence of PD was 
highest in UK, Wales (104 pmp), Denmark (102 pmp) and Sweden (93 pmp), whereas the 
lowest prevalence of this treatment was reported in Montenegro (5 pmp), Ukraine and 
Russia (both 12 pmp). Finally, the prevalence of patients living on a functioning graft was 
highest in Spain, Basque country (628 pmp), Spain, Catalonia and Norway (both 591 pmp), 
representing 59, 51 and 70% of the patients on RRT, respectively. 
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Table 6: Prevalence of RRT per million population (pmp) on December 31, 2009, by treatment modality, 
unadjusted

 All HD PD Tx Unkn/ 
missing  All HD PD Tx Missing 

Country/region providing 
individual data pmp pmp pmp pmp pmp Country/region providing 

aggregated data pmp pmp pmp pmp pmp 

Austria 979 457 45 476 0 
Bosnia and Herzegovina 

707 627 33 47 0 
Belgium      Bulgaria 452 372 20 60 0 
Dutch-speaking 1141 607 68 466 0 Croatia 931 610 61 261 0 
French-speaking 1193 649 60 484 0 Czech Republic 541 496 45  0 
Denmark 838 369 102 364 3 Estonia 503 154 55 294 0 
Finland 780 252 69 460 0 France (20 of 26 regions)c 1091 542 41 507 0 
France (16 of 26 regions)a 1043 526 43 473 0.3 FYR of Macedonia 728 639 14 75 0 
Greece 1065 782 67 215 0 Israel 706 658 48  0 
Iceland 540 166 25 349 0 Italy (14 of 20 regions)d 1006 905 98  3 
Italy (12 of 20 regions)b 1132 766 93 273 0 Latvia 412 159 47 206 0 
Norway 842 204 47 591 0 Montenegro 335 283 5 47 0 
Romania 513 404 74 35 0 Poland 731 452 29 250 0 
Spain      Portugal 1507 908 54 545 0 
Andalusia 990 479 42 468 0.1 Russia 170 121 12 37 0 
Asturias 991 365 54 570 0.9 Serbia 699 519 68 112 0 
Basque country 1066 353 86 628 0 Slovakia 596 572 25   
Canary Islands 1112 592 58 461 0.5 Spain (17 of 19 regions)e 1033 488 50 495 0 
Cantabria 872 335 61 476 0 Turkey 828 649 75 103 0 
Castille and Leon 997 438 62 490 7 Ukraine 101 76 12 13 0 
Castille-La Mancha 914 385 34 491 5       
Catalonia 1159 526 43 591 0       
Extremadura 950 464 59 427 0       
Galicia 1083 501 93 489 0       
Valencian region 1105 619 40 445 1       
Sweden 890 301 93 497 0.1       
The Netherlands 895 318 69 508 0       
UK, All countries 818 377 72 348 21       
England 815 375 72 343 24       
Northern Ireland 818 414 468 356 3       
Scotland 835 362 59 414 0.8       
Wales 867 417 104 337 9       

Categories may not add up because of rounding off. When cells are left empty, (complete) data are unavailable. 
HD: haemodialysis; PD, peritoneal dialysis; Tx, kidney transplantation 

Renal transplants performed in 2009
Table 7 shows that the highest transplant rates were reported by Spain, Cantabria (78 pmp), 
Spain, Catalonia (70 pmp) and Norway (61 pmp). Countries with the highest transplant rates 
with living donor kidneys included Spain, Castille-La Mancha (40 pmp), the Netherlands (25 
pmp), Norway (22 pmp), Iceland (22 pmp) and Turkey (21 pmp). 
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Table 7. Renal transplantations performed per million population (pmp) in 2009, by donor type, 
unadjusted.

All Living 
donor

Deceased
donor

Unknown 
type donor  All Living 

donor
Deceased

donor
Unknown 

type donor
Country/region providing 
individual patient data pmp pmp pmp pmp Country/region providing

aggregated data pmp pmp pmp pmp 

Austria 47.5 7.2 40.3 0 Bosnia and Herzegovina 5.7 4.8 0.3 0.6 
Belgium    Bulgaria 4.4 2.0 2.3 0 
Dutch-speaking 37.2 1.6 35.5 0.2 Croatia 37.6 2.7 25.9 9.0 
French-speaking 36.6 3.9 29.3 3.3 Czech Republic 33.0 2.6 30.5 0 
Denmark 40.3 15.8 24.6 0 Estonia 39.7 3.0 36.7 0 
Finland 32.8 0.7 32.0 0 France (20 of 26 regions)c 44.7 3.6 41.1 0 
France (16 of 26 regions)a 40.6 2.4 38.1 0.1 FYR of Macedonia 5.4 5.4 0 0 
Greece 14.9 3.1 11.8 0 Israel 49.4 16.0 25.6 7.7 
Iceland 22.0 22.0 0 0 Italy (14 of 20 regions)d 46.1 3.5 42.6 0 
Italy (12 of 20 regions)b 20.1 1.4 18.7 0 Latvia 25.8 2.7 23.1 0 
Norway 60.5 21.5 38.9 0 Montenegro 17.4 12.6 4.7 0 
Romania 6.5 3.6 1.5 1.4 Poland 20.6 0.6 20.0 0 
Spain    Portugal 55.8 5.9 49.9 0 
Andalusia 46.4   46.4 Russia 5.8 1.1 4.7 0 
Asturias 42.4 0.9 41.5 0 Serbia 12.9 8.7 4.2 0 
Basque country 52.4 0 52.4 0 Slovakia 38.8 4.3 34.6 0 
Canary Islands 46.9 0 46.9 0 Spain (17 of 19 regions)e 49.8 5.0 44.8 0 
Cantabria 77.9 0 77.9 0 Turkey 26.6 20.9 5.7 0 
Castille and Leon 35.1 0 35.1 0 Ukraine 2.4  2.4 
Castille-La Mancha 40.7 40.2 0 0   
Catalonia 70.1 17.7 52.4 0   
Extremadura 40.7 0.9 30.8 9.1   
Galicia 45.4 5.7 39.7 0   
Valencian region 41.4 1.2 40.2 0   
Sweden 42.0 17.4 24.6 0   
The Netherlands 50.0 24.7 24.1 1.1   
UK, All countries 41.9 15.9 26.0 0   
England 43.6 17.0 26.7 0   
Northern Ireland 24.6 7.3 17.3 0   
Scotland 34.8 10.0 24.8 0   
Wales 33.7 12.7 21.0 0   

Categories may not add up because of rounding off. When cells are left empty, (complete) data are unavailable. 

Patient and graft survival 
Survival analysis used the data from 19 registries in 12 countries that provided individual 
patient records for the period from 2000 to 2004. Three Spanish regions were also included 
in the analyses based on the cohort 2003–07 because for these registries, complete data 
were available from 2002. Data are presented for all countries and regions together (Figures 
5–7). In Table 8, we present the results of the unadjusted and adjusted survival analyses. 
The adjusted analyses, as well as the comparisons of survival by treatment modality, were 
adjusted for fixed values of age, gender and distribution of primary renal disease (PRD) 
(Appendix 1). Similar adjustments have been applied to survival comparisons by PRD. The 
precise methodology of the survival analyses is described in the Appendix.
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Table 8. One-, 2 and 5 years survival probabilities (95% CI) from the first day of RRT for patients who 
started RRT between 2000 and 2004, and 1- and 2 years survival probabilities for patients who started 
RRT between 2003 and 2007. 

Cohort 2000-2004 Cohort 2003-2007 
1 year 2 year 5 year 1 year 2 year 

unadj 80.6
(80.4-80.8) 

69.0
(68.8-69.2) 

46.0
(45.9-46.2) 

81.9
(81.7-82.1) 

70.8
(70.6-71.0) Patient survival

on RRT1

adj 87.4
(87.2-87.7) 

78.5
(78.2-78.8) 

56.3
(55.9-56.7) 

88.3
(88.1-88.5) 

80.0
(79.7-80.2) 

       

unadj 80.2
(80.0-80.5) 

67.2
(66.9-67.4) 

38.2
(38.0-38.3) 

81.1
(80.9-81.3) 

68.8
(68.6-69.1) Patient survival

on dialysis1

adj 85.6
(85.3-85.9) 

75.1
(74.8-75.5) 

48.0
(47.5-48.5) 

87.1
(86.9-87.4) 

77.9
(77.6-78.2) 

       

unadj 95.6
(95.3-95.9) 

93.8
(93.3-94.1) 

87.0
(86.5-87.5) 

95.8
(95.5-96.1) 

93.9
(93.5-94.2) 

Patient survival 
after first
transplant
(deceased donor)2 adj 97.1

(96.8-97.4) 
95.8

(95.5-96.2) 
91.0

(90.4-91.5) 
97.3

(97.1-97.6) 
96.1

(95.8-96.4) 
       

unadj 97.5
(96.9-97.9) 

96.6
(96.0-97.2) 

94.1
(93.3-94.8) 

98.0
(97.6-98.4) 

97.1
(96.6-97.6) 

Patient survival 
after first
transplant (living 
donor)2 adj 97.5

(96.9-97.0) 
96.6

(95.9-97.2) 
94.0

(93.1-94.9) 
98.3

(97.9-98.7) 
97.5

(97.0-98.0) 
      

unadj 90.1
(89.7-90.6) 

87.3
(86.8-87.8) 

77.7
(77.1-78.3) 

90.0
(89.6-90.4) 

87.1
(86.6-87.6) 

Graft survival after 
first
transplant
(deceased donor)2 adj 91.0

(90.5-91.5) 
88.4

(87.8-89.0) 
79.3

(78.6-80.1) 
91.0

(90.6-91.5) 
88.4

(87.9-88.9) 
       

unadj 93.8
(93.0-94.5) 

91.9
(91.0-92.7) 

85.7
(84.6-86.7) 

94.7
(94.1-95.3) 

92.9
(92.1-93.5) Graft survival after 

first transplant
(living donor)2 adj 

93.5
(92.6-94.4) 

91.5
(90.5-92.6) 

84.9
(83.6-86.3) 

94.4
(93.7-95.2) 

92.5
(91.7-93.3) 

Analyses were adjusted using fixed values: 1) age (60 years), gender (60% men), and primary renal 
disease (20% diabetes mellitus, 17% hypertension/renal vascular disease, 15% glomerulonephritis and 
48% other cause). 2) age (45 years), gender (60% men), and primary renal disease (10% diabetes 
mellitus, 8% hypertension/renal vascular disease, 28% glomerulonephritis and 54% other cause. 
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Figure 5. Survival of incident dialysis 
patients and of patients receiving a first 
transplant between 2000-2004, by treatment 
modality, adjusted for age, gender and 
primary renal disease.  
 
Analyses regarding incident dialysis patients 
were adjusted for the fixed values: age (60 
years), gender (60% men), and primary 
renal disease (20% diabetes mellitus, 17% 
hypertension/renal vascular disease, 15% 
glomerulonephritis and 48% other cause).  
Analyses regarding first transplant recipients 
were adjusted for the fixed values: age (45 
years) , gender (60% men), and primary 
renal disease (10% diabetes mellitus, 8% 
hypertension/renal vascular disease, 28% 
glomerulonephritis and 54% other cause). 
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Figure 6. Survival of incident haemodialysis 
patients in 2000-2004, from day 91, by 
primary renal disease, adjusted for age and 
gender.  
Analyses were adjusted for the fixed values: 
age (60 years), gender (60% men). 
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Figure 7. Survival of incident peritoneal 
dialysis patients in 2000-2004, from day 91, 
by primary renal disease, adjusted for age 
and gender.  
Analyses were adjusted for the fixed values: 
age (60 years), gender (60% men). 
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Appendix – Statistical methods 

To Table 8
Data presented include the survival of incident patients on RRT and of patients receiving a 
first transplant between 2000 and 2004 or between 2003 and 2007 with their 95% 
Confidence Intervals. Patients were followed until 31 December 2009. Statistical analysis of 
unadjusted survival was performed by the Kaplan-Meier method, while for the adjusted 
survival analyses the Cox regression model was used. 
For the analysis of patient survival on RRT the day at the start of RRT was taken as the 
starting point and the event studied was death. Censored observations were recovery of 
renal function, loss to follow-up and end of follow-up time. Regarding the analysis of patient 
survival on dialysis the first day on dialysis was the starting point, the event was death and 
reasons for censoring were recovery of renal function, loss to follow-up, end of follow-up 
time and renal transplantation. In the Cox regression model we adjusted for the fixed values 
of age (60 years), gender (60% men), and primary renal disease (20% diabetes mellitus, 
17% hypertension/renal vascular disease, 15% glomerulonephritis and 48% other cause). 
For the analysis of patient and graft survival after transplantation the date of the first renal 
transplantation was defined as the first day of follow-up. The event studied for the patient 
survival after transplantation was death, while for the graft survival the events were graft 
failure and death. Reasons for censoring were loss to follow-up and end of follow-up time. In 
the adjusted analyses we adjusted for the fixed values of age (45 years), gender (60% men), 
and primary renal disease (10% diabetes mellitus, 8% hypertension/renal vascular disease, 
28% glomerulonephritis and 54% other cause. Patients for whom age, gender, or primary 
renal disease was missing were excluded.  

To Figure 6
For the analyses of patient survival on dialysis the starting point was day 91 on dialysis. 
Analyses were adjusted for the fixed values of age (60 years), gender (60% men), and 
primary renal disease (20% diabetes mellitus, 17% hypertension/renal vascular disease, 
15% glomerulonephritis and 48% other cause).  
For the analyses of patient survival after transplantation the starting point was the time of the 
first transplant. Analyses were adjusted for the fixed values of age (45 years) , gender (60% 
men), and primary renal disease (10% diabetes mellitus, 8% hypertension/renal vascular 
disease, 28% glomerulonephritis and 54% other cause). 

To Figures 7 and 8
For the analyses presented in each figure the starting point was day 91 on dialysis. 
Analyses were adjusted for the fixed values of age (60 years) and gender (60% men). 
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ABSTRACT

    

 

Background Little is known about the criteria nephrologists use in the decision of when 
to start renal replacement therapy (RRT) in early referred adult patients. 
We evaluated opinions of European nephrologists on the decision for when 
to start RRT. 

Study Design Web-based survey among nephrologists from 11 European countries 

Predictors Patient presentations described as uncomplicated patients, patients with 
unfavorable clinical and unfavorable social conditions, or patients with 
specific clinical, social, and logistical factors. 

Outcomes We studied opinions of European nephrologists about the influence of 
clinical, social, and logistical factors on decision-making regarding when to 
start RRT, reflecting practices in place in 2009. Questions included target 
levels of kidney function at the start of RRT and factors accelerating or 
postponing RRT initiation. Using linear regression, we studied determinants 
of target estimated glomerular filtration rate (eGFR) at the start of RRT. 
 

Results We received 433 completed surveys. The median target eGFR selected to 
start RRT in uncomplicated patients was 10.0 (25th-75th percentile, 8.0-
10.0) mL/min/1.73 m2. Level of excretory kidney function was considered 
the most important factor in decision making regarding uncomplicated 
patients (selected by 54% of respondents); in patients with unfavorable 
clinical versus social conditions, this factor was selected by 24% versus 
32%, respectively. Acute clinical factors such as life-threatening 
hyperkalemia refractory to medical therapy (100%) and uremic pericarditis 
(98%) elicited a preference for an immediate start, whereas patient 
preference (69%) and vascular dementia (66%) postponed the start. Higher 
target eGFRs were reported by respondents from high- versus low-RRT-
incidence countries (10.4 [95% CI, 9.9-10.9] vs 9.1 mL/min/1.73 m2) and 
from for-profit versus not-for-profit centers (10.1 [95% CI, 9.5-10.7] vs 9.5 
mL/min/1.73 m2). 
 

Conclusions Only for uncomplicated patients did half the nephrologists consider 
excretory kidney function as the most important factor. Future studies 
should assess the weight of each factor affecting decision-making. 
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INTRODUCTION
 
Patients with end-stage renal disease (ESRD) receive renal replacement therapy (RRT) to 
improve their survival and quality of life. The decision of when to start RRT is likely to be 
guided by the level and rate of decrease in residual kidney function and the clinical condition 
of the patient. Whereas RRT might be life saving in certain conditions, dialysis also is 
unphysiologic and may have life-threatening complications. It carries a significant burden for 
patients and consumes substantial health care resources.1 Many studies evaluating 
associations between the timing of the start of RRT and survival were limited in that they 
considered only serum creatinine level, which is decreased in patients with deteriorating 
nutritional status, as a surrogate marker of residual kidney function and an index to define 
“early” versus “late” starters. In addition, they were unable to assess clinical status or 
specific reasons to start RRT at a particular moment in time.2-5 
The IDEAL (Initiating Dialysis Early and Late) trial was the first randomized controlled trial 
attempting to assess whether starting dialysis therapy at high (10-14 mL/min/1.73 m2) or low 
(5-7 mL/min/1.73 m2) estimated glomerular filtration rates (eGFRs) is more beneficial with 
respect to patient survival. However, 76% of patients randomly assigned to start at low 
eGFRs actually started at higher levels because of uremic signs and symptoms, resulting in 
a relatively small difference in eGFRs between the groups.6 The study failed to show a 
survival difference between those randomly assigned to start dialysis therapy with higher 
and lower eGFRs, possibly because of this relatively small difference, but suggested that 
clinical status is important in the decision making of nephrologists.6-8 Nevertheless, little is 
known about exactly which criteria nephrologists use in their decision for when to start 
dialysis therapy. 
Better understanding of nephrologists’ decision making regarding the start of RRT would 
assist further studies relating residual kidney function and signs and symptoms at the start of 
dialysis therapy to prognosis. This ultimately would guide us to define better care for patients 
with ESRD. We aimed to evaluate current opinions on how clinical, social, and logistical 
factors influence the decision of when to start RRT in early referred adult patients by 
performing a survey of European nephrologists. Furthermore, we assessed whether 
opinions differed by nephrologists or facilities’ characteristics.

METHODS
 
Contents of the Survey 
We developed a 26-item web-based survey using the online tool SurveyMonkey 
(SurveyMonkey.com). The survey was in English and contained multiple-choice and open-
ended questions about the assessment method and target level of kidney function in relation 
to the start of RRT, factors bringing forward or postponing the start of RRT, factors causing 
a delay in the planned start, and nephrologists’ and facilities’ characteristics. The survey was 
administered in autumn 2010, but all respondents were asked to provide their opinions and 
clinical practice in place in 2009, before publication of the IDEAL trial.6 In addition, we asked 
whether opinions had changed between 2009 and the moment of survey completion. 
Clarity and face validity of the survey content were tested during a pilot study of 20 
nephrologists from France, Italy, the Netherlands, and the United Kingdom. Based on the  
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feedback obtained, we added questions about reasons for delay of the planned start and 
whether opinions changed in the recent past. A copy of the survey is provided as appendix. 

Design
Through national representatives and national societies of nephrology of 11 European 
countries, we distributed the survey along with a cover letter by e-mail to all nephrologists in 
the country for whom an e-mail address was available. Four weeks later, we sent a reminder 
to non-responders and those who partially completed the survey. Two weeks thereafter, 
another reminder was sent, together with an e-mail from the national representative 
stressing the importance of this survey. Survey completion was voluntary and invitations 
included the option to decline: those opting out were not contacted further. Responses were 
collected and analyzed anonymously. 

Definitions
In scenarios presented to nephrologists we used the following definitions. Uncomplicated 
patients were defined as those without malnutrition/inflammation (wasting), fluid overload, 
hyperkalemia, or major comorbid conditions. Examples of unfavourable clinical conditions 
were defined as including malnutrition/ inflammation (wasting), fluid overload, 
hyperkalaemia, mental disorders, or major comorbid conditions. Examples of unfavourable 
social conditions were defined as including a lack of social support, living alone or incapable 
to perform exchanges themselves (peritoneal dialysis), treatment nonadherence, or 
language barriers. 

Data Processing and Analysis 
The completed surveys were downloaded and stored and subsequently analysed using 
SPSS version 16.0 (SPSS Inc, www.spss.com). We applied descriptive statistics and 
calculated median (25th-75th percentile) values and minimum-maximum ranges for skewed 
data. Associations were tested using t tests, and Mann-Whitney U tests. With univariable 
and multivariable linear regression, we studied associations between nephrologists’ (age, 
sex, and residency in a low- or high-RRT-incidence country) and facility characteristics 
(academic versus nonacademic, private versus public, and for-profit versus not-for-profit 
centers) and eGFR at the start of dialysis therapy.  
Countries were classified as low or high incidence when the age- and sex-adjusted RRT 
incidence per million population (at day 91 after starting RRT) was lower or higher than the 
median of participating countries as extracted from the 2008 Annual Report of the ERA-
EDTA (European Renal Association-European Dialysis and Transplant Association) 
Registry.9 To fulfill criteria for linear regression analysis, we log-transformed eGFR values. 
For easier interpretation, we added the intercept to the estimated coefficient and 
consequently transformed this back to obtain median eGFRs. We adjusted the models for 
factors fulfilling criteria for confounding, obtaining adjusted eGFRs.10 Potential confounders 
were sex, age, country, and working in a for-profit center. A 2-sided P < 0.05 was 
considered statistically significant. 
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Table 1: Characteristics of nephrologists and treatment centers 
  Incidence level of RRT in country  

 Total N=433 Low (n=251) High (n=182) p-value 
Country of residence    

Finland  35 (8%)   
Italy  6 (1%)   
Romania  18 (4%)   
Spain  53 (12%)   
The Netherlands 51 (12%)   
United Kingdom  88 (20%)   
Belgium (Flanders)  37 (9%)  
Croatia   17 (4%)  
FYR of Macedonia  15 (3%)  
Germany   69 (16%)  
Greece   44 (10%)  

Male sex 280 (65%) 159 (63%) 121 (67%) 0.5 
Age     0.4 

 44 years 178 (41%) 107 (43%) 71 (39%)  
45-64 years 247 (57%) 141 (56%) 106 (58%)  
 65 years 8 (2%) 3 (1%) 5 (3%)  

Years of experience   0.7 
 14 years 246 (57%) 147 (59%) 99 (54%)  

15-34 years 171 (39%) 95 (38%) 76 (42%)  
 35 years 16 (4%) 9 (4%) 7 (4%)  

Facility type     
Public vs Private    <0.001 

Public 350 (81%) 240 (98%) 110 (60%)  
Private 83 (19%) 11 (4%) 72 (40%)  

Setting    0.04 
Academic 199 (46%) 126 (50%) 73 (40%)  
Non-academic 234 (54%) 125 (50%) 109 (60%)  

Profit status    <0.001 
For profit 100 (23%) 31 (12%) 69 (38%)  
Not for profit 333 (77%) 220 (88%) 113 (62%)  

Note: Percentages are column percentages. Data are presented as number (percentage).  
Abbreviations: FYR, former Yugoslav Republic; RRT, renal replacement therapy.  

RESULTS

Survey Respondents 
We obtained 433 completed surveys from nephrologists in Belgium, Croatia, Germany, 
Finland, Greece, Italy, FYR of Macedonia, the Netherlands, Romania, Spain, and the United 
Kingdom. Because we did not know how many of those receiving the survey were 
nephrologists and not all nephrologists are involved in decision making on when to start 
RRT, we were unable to determine the number of recipients eligible for participation in the 
survey. For reasons of data protection, it was not possible to distribute the survey in all 
countries ourselves. Therefore, the national societies of nephrology circulated a link to the 
survey. As a result, our software could not trace how many nephrologists received or 
opened the survey and we were unable to assess the exact response rate. If we would 
assume that all recipients (excluding bounced e-mails) received the survey and were eligible 
respondents, response rates would range from <1% (n=6 in Italy) to 44% (n=15 in FYR of 
Macedonia). Table 1 lists characteristics of responding nephrologists. Sixty-five percent 
were men, and most nephrologists worked in public not-for-profit centers (71%); 13%, in 
private for-profit centers; 10%, in public for-profit centers; and 6%, in private not-for-profit 
centers. The survey reflected opinions in 2009, thus before publication of results from the 
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IDEAL trial. Only 8% indicated that their opinions had changed at the time of the survey 
(autumn 2010); they reported that these changes were based on literature (46%) and their 
own clinical experience (14%). 

Residual Kidney Function 
Level of residual kidney function may be assessed using various methods. Of 433 (100%) 
respondents, 220 (51%) used one method: 179 respondents (41%) used a formula 
exclusively (eg, MDRD [Modification of Diet in Renal Disease] Study equation or Cockroft-
Gault formula), whereas 41 (9%) reported sole use of another method, such as measured 
24-hour creatinine clearance (n=22) or the mean of measured 24-hour creatinine and urea 
clearance (n=13). The other 213 respondents used multiple methods. Of these, 198 (46%) 
used a formula plus another method, such as measured 24-hour creatinine clearance 
(n=78), the mean of measured 24-hour creatinine and urea clearance (n=34), or a 
combination of these 2 (n=23). 
 
Table 2: Stated target kidney function as start time for renal replacement therapy 
 N Median [25th-75th percentile] Range (min-max) 
eGFR (ml/min/1.73m2) 382 10 [8-10] 5-20 
Calculated residual GFR (ml/min) 130 10 [8-12] 5-20 
Plasma urea (mmol/l) 117 33 [31-40] 11-50 
Serum creatinine ( mol/l) 127 650 [530-780] 353-1501 
Abbreviations: eGFR, estimated glomerular filtration rate;  
Conversion factor for serum creatinine in mol/L to mg/dL, x0.0113. 
Note: Respondents were asked the following question: “Consider a non-diabetic, uncomplicated 60-
years old male patient (weight 80 kg, height 1.80 m) in whom you confidently anticipate a further decline 
of renal function. On average, at what level of residual renal function do you aim to start RRT?” 
 
Table 2 lists median values for residual kidney function at which nephrologists aimed to start 
RRT in uncomplicated patients; for eGFR, the median target level was 10 (25th-75th 
percentile, 8-10) mL/min/ 1.73 m2, although this varied widely (Fig 1). The importance of 
level of excretory kidney function in the decision for when to start RRT was evaluated for: (1) 
uncomplicated patients, (2) patients with unfavourable clinical conditions, and (3) patients 
with unfavourable social conditions. For uncomplicated patients, 54% of respondents 
considered excretory kidney function as the most important factor in their decision to start 
RRT, whereas percentages were lower for patients with unfavourable clinical (24%) and 
social conditions (32%). 
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Figure 1. Level of estimated glomerular filtration rate (eGFR) at which nephrologists aimed to start renal 
replacement therapy in uncomplicated patients. 
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Figure 2 summarizes results regarding the perceived clinical benefit of starting RRT at GFR 
> 10.5 mL/min/1.73 m2. Most (86%) believed that starting at higher GFRs is beneficial only 
in the presence of symptoms, with “reduction of emergency-start dialysis” as the main 
reason. Some respondents stressed that patients are receiving frequent medical supervision 
when starting at GFR > 10.5 mL/min/1.73 m2, and those eligible for transplant are placed on 
the waiting list earlier. Reduction of emergency-start of dialysis was also the most important 
motive for respondents (11%) believing that starting at GFR >10.5 mL/min/1.73 m2 was 
always beneficial. 
Comparing countries with a low versus high RRT incidence, we found that respondents from 
high-incidence countries (18%) more often believed that starting at GFR >10.5 mL/min/1.73 
m2 is always beneficial compared with respondents from low-incidence countries (6%). None 
of the respondents from for-profit centers believed that starting at GFR > 10.5 mL/min/1.73 
m2 was never beneficial. 
 

Most frequently mentioned reasons as basis for opinion (% of n=433) 
   Yes, starting at a GFR>10.5 ml/min/1.73m2 is always beneficial 
(n=48)
 - Reduction of emergency start of dialysis (9%) 
 - Improved quality of life (7%) 
 - Improved patient survival (8%) 
   Yes, but only if also associated signs and symptoms are present 
(n=372) 
 - Reduction of emergency start of dialysis (63%) 
 - Improved quality of life (31%) 
 - Improved patient survival (14%) 

 

   No, starting at a GFR>10.5 ml/min/1.73m2 is never beneficial (n=13) 
  - Improved quality of life as compared to early start of dialysis (2%) 
  - Improved patient survival as compared to early start of RRT (1%) 

Figure 2. Attitudes toward early initiation of dialysis.  
Respondents were asked “In general, do you think an early start of dialysis (i.e. GFR> 10.5 mL/min/1.73 
m2) is beneficial?” Abbreviations: GFR, glomerular filtration rate; RRT, renal replacement therapy 

Determinants of Level of eGFR at the Start of RRT 
We assessed associations between nephrologists’ and facilities’ characteristics and the 
target eGFR at the start of RRT (Table 3). Adjusted target eGFRs were significantly higher 
for respondents from high-incidence countries than from low-incidence countries: 10.4 
mL/min/1.73 m2 (95% confidence interval [CI], 9.9-10.9) versus 9.1 mL/min/1.73 m2. Also, 
female nephrologists aimed to start at higher levels (adjusted eGFR, 10.2 mL/min/1.73 m2) 
compared with males (adjusted eGFR, 9.4; 95% CI, 8.9-10.0 mL/min/1.73 m2), as well as 
nephrologists from for-profit versus not-for-profit facilities (adjusted eGFRs of 10.1 [95% CI, 
9.5-10.7] vs 9.5 mL/min/1.73 m2). 

11% 

86% 

3% 
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Table 3: Nephrologists’ and facility characteristics and their associations with target level of eGFR at 
start of dialysis at an uncomplicated patient (based on linear regression analyses). 
Determinants Median  

eGFR (95% CI) 
Adjusted median 
eGFR (95% CI) 

Nephrologist characteristics   
low incidence countries$1 9.1 9.1 
high incidence countries$ 10.3 (9.8-10.9) 10.4 (9.9-10.9) 
Female2 10.2 10.2 
Male 9.3 (8.8-9.8) 9.4 (8.9-10.0) 
Age of the nephrologist3  44 years 10.0 9.9 
45+ years 9.3 (8.9-9.8) 9.4 (9.0-9.9) 

Facility characteristics4   
Non-profit center 9.4  9.5 
For-profit center 10.3 (9.7-11.0) 10.1 (9.5-10.7) 
Public center 9.5 9.6 
Private center 10.0 (9.4-10.7) 9.8 (9.1-10.6) 
Non academic 9.5 9.5 
Academic 9.8 (9.3-10.3) 9.7 (9.2-10.2) 

Do you consider the level of excretory renal function as  
most important factor in the decision to start RRT?5

  

In uncomplicated patients                                    No 9.3 9.4 
                                                                            Yes 9.9 (9.4-10.4) 9.7 (9.2-10.2) 
In patients with unfavourable social conditions   No 9.5 9.5
                                                                            Yes 10.0 (9.4-10.6) 9.9 (9.4-10.5) 
In patients with unfavourable clinical conditions  No 9.5 9.5 

                                                                                                Yes 9.8 (9.3-10.4) 9.8 (9.3-10.3) 
Do you consider a start of RRT > 10.5 mL/min/1.73m2

as beneficial?5
 

No, later start is considered beneficial  7.6 8.2 
Yes, early start is considered beneficial  
(always or in the presence of associated 
symptoms) 

9.7 (8.3-11.3) 9.7 (8.3-11.2) 

Abbreviations: eGFR; estimated glomerular filtration rate. CI;confidence interval. RRT; renal 
replacement therapy.  
$ Low-incidence countries are: Finland, Italy, Romania, Spain, The Netherlands, UK; High-incidence 
countries are: Belgium, Croatia, Germany, Greece, FYR of Macedonia 
Adjustments: 1) sex and age, 2) age and country, 3) sex and country, 4) sex, age, and country, 5) sex, 
age, country, and for-profit center.  

Factors Accelerating the Initiation of RRT 
Respondents were asked to consider a hypothetical patient with a residual kidney function at 
which they usually would decide to postpone treatment and to indicate how the presence of 
specific conditions would affect their decision. When respondents opted for either 
“immediate start of dialysis (with an acute access)” or “start of dialysis when a permanent 
access is ready,” this indicated they were inclined to accelerate the initiation of dialysis 
therapy.  
All factors presented in the survey (Table 4) accelerated RRT initiation to some extent. In 
the presence of chronic conditions such as diabetes mellitus and chronic heart disease, 60% 
and 65% of nephrologists would start dialysis sooner. A majority considered an immediate 
start of dialysis therapy in the presence of more acute clinical phenomena, such as uraemic 
symptoms (86%) and fluid overload refractory to diuretic therapy (97%). Another common 
reason for an earlier start of RRT (including transplant) was the availability of a matching 
pre-emptive transplant (kidney or kidney-pancreas) from a living donor (70%). 
Compared with respondents from high-incidence countries, those from low-incidence 
countries less commonly indicated that they would start dialysis therapy sooner in the 
presence of several chronic conditions, for example, at older than 75 years (36% vs 45%;  
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P = 0.01), the presence of chronic heart disease (59% vs 73%; P < 0.001), vascular 
dementia (17% vs 43%; P < 0.001), and cirrhosis/chronic liver disease (42% vs 60%; P < 
0.001). There were no differences between nephrologists working in for-profit and not-for-
profit centers. 
 
Factors Postponing the Start of RRT 
To evaluate the extent to which some conditions prompted nephrologists to postpone the 
start of RRT, respondents considered a hypothetical uncomplicated patient with a level of 
kidney function at which they usually would start dialysis therapy. Patient preference (69%) 
and vascular dementia (66%) were the most important factors in postponing the start of 
dialysis therapy (Table 5). Compared with respondents from high-incidence countries, those 
from low-incidence countries were more likely to postpone dialysis therapy in the presence 
of a (relative) lack of capacity in the dialysis facility (33% vs 20%; P = 0.04) and vascular 
dementia (73% vs 58%; P = 0.001). 

Factors Delaying the Planned Start of RRT 
Notwithstanding a nephrologist’s preference to start RRT at a particular moment in time, 
initiation may be delayed. According to 7%, RRT initiation was never delayed; 79% 
answered that fewer than half their patients started later than considered ideal; and for 14%, 
RRT initiation was delayed in at least half their patients. Common reasons for delay were 
patient preference (65%), lack of adequate preparation for dialysis treatment (32%), or lack 
of dialysis facilities (8%). Further reasons included good clinical condition (8%) and 
unexpected deterioration in kidney function or late referral (5%). Most (77%) reported never 
having a waiting list for long-term dialysis treatment at their unit, and others indicated that 
they often (4%) or always (3%) had a waiting list. A waiting list was present more often in 
not-for-profit compared with for-profit centers (26% vs 10%; P = 0.01), in public than in 
private centers (26% vs 7%; P = 0.02), and in low- versus high-incidence countries (30% vs 
12%; P < 0.001). 
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Table 4: Consider a patient with a level of residual renal function on which you would usually decide to 
still postpone dialysis: How would the following conditions affect your decision on when to start dialysis? 

Immediate start of 
dialysis (with an 
acute access) 

Start of dialysis 
when permanent 
access is ready 

Not start dialysis 
(yet), even if 

access is 
available 

n (%) n (%) n (%) 
Chronic clinical conditions    

Diabetes mellitus 39 (9%) 214 (51%) 168 (40%) 
Age > 75 years 16 (4%) 151 (36%) 255 (60%) 
Chronic heart disease 75 (18%) 197 (47%) 150 (36%) 
Cirrhosis or chronic liver disease 50 (12%) 158 (37%) 214 (51%) 
Vascular dementia 10 (2%) 108 (25%) 312 (73%) 
Other low mental functional status  
(e.g. Down syndrome) 13 (3%) 210 (49%) 205 (48%) 

Other clinical conditions    
Symptoms of uraemia 372 (86%) 59 (14%) 2 (<1%) 
Fluid overload refractory to diuretic 
therapy 420 (97%) 12 (3%) 1 (<1%) 

Progressive deterioration of  
nutritional status 228 (53%) 204 (47%) - 

Life-threatening hyperkalaemia 
refractory to medical therapy 

431 (100%) 2 (<1%) - 

Pericarditis attributed to uraemia 425 (98%) 6 (1%) 1 (<1%) 
Predictive progressive fall in GFR  
within the next month 45 (11%) 329 (77%) 53 (12%) 

Social/Logistical conditions    
Patient’s preference to start RRT 24 (6%) 305 (70%) 104 (24%) 
Wishes of the family to start RRT 12 (3%) 233 (54%) 185 (43%) 
Non-adherence to prescribed diet 
and/or medication 32 (8%) 252 (59%) 142 (33%) 

Note: Respondents were asked: “Consider a patient with a level of residual renal function on which you 
would usually decide to still postpone dialysis: How would the following conditions affect your decision 
on when to start dialysis?” Values are given as number (percentage). 
Abbreviation: GFR, glomerular filtration rate; RRT, renal replacement therapy. aFor example, Down 
syndrome. 

Table 5: Consider an uncomplicated patient with the level of residual renal function on which you would 
usually decide to start dialysis: How would the following conditions affect your decision on when to start 
dialysis?

Start of dialysis or 
preparation for dialysis 

Postpone 
dialysis 

 n (%) n (%) 
Patient’s preference to postpone RRT 128 (31%) 291 (69%) 
Wishes of the family to postpone RRT  243 (64%) 138 (36%) 
Long distance to dialysis facility 293 (84%) 57 (16%) 
(Relative) lack of capacity in dialysis facility 225 (72%) 86 (28%) 
Vascular dementia 130 (34%) 255 (66%) 
Other low mental functional status (e.g. Down syndrome) 269 (68%) 127 (32%) 
Non-adherence to prescribed diet and/or medication 336 (83%) 71 (17%) 

Note: Respondents were asked: “Consider an uncomplicated patient with the level of residual renal 
function on which you would usually decide to start dialysis: How would the following conditions affect 
your decision on when to start dialysis?” Values are given as number (percentage). Abbreviation: RRT, 
renal replacement therapy. 
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DISCUSSION

This international survey evaluated current opinions of European nephrologists on how 
clinical, social, and logistical factors influence their decision to start RRT in early-referred 
adult patients with ESRD. Only a third of all nephrologists considered level of excretory 
kidney function as the most important factor in their decision making; for uncomplicated 
patients, about half of all nephrologists selected this as the most important factor. Factors 
eliciting an immediate start were life-threatening hyperkalaemia refractory to other therapy, 
uraemic pericarditis, and fluid overload refractory to diuretic therapy. Patient preference and 
vascular dementia were reasons to postpone the start. 
The most recent European guideline at the time of the survey, the European Renal Best 
Practice Guidelines,11 states that GFR should be estimated using only a technique validated 
in patients with advanced kidney failure. Although these guidelines mention calculating the 
mean of urea and creatinine clearance as the preferred method, only 15% of our 
respondents applied this method. Almost half the nephrologists reported using eGFR 
equations alone to guide the start of dialysis therapy. According to current opinions, this is 
problematic because the plasma creatinine concentration used in these equations is 
determined not only by GFR, but also by tubular secretion and creatinine generation rate. 
Because the latter depends on nutritional status and muscle mass, equations taking solely 
demographic variables into account cannot fully predict the creatinine generation rate.12,13 A 
recently updated position statement argues that eGFR equations are not appropriate to 
determine the need for starting RRT because they are not validated in lower ranges of GFR 
(< 30 mL/min/1.73 m2), in other words, just before initiating dialysis therapy.14-16 Possibly, 
nephrologists do not use the recommended method because in their decision making, they 
consider the exact level of excretory kidney function less important than symptoms and 
social conditions and therefore may attribute less importance to knowing its exact value. 
Most respondents (86%) believed that only in the presence of signs and symptoms is 
starting at GFR >10.5 mL/min/1.73 m2 beneficial. Results of a survey held in 2000 showed 
that only 38% of respondents indicated that signs and symptoms were important reasons for 
starting RRT.7 Our survey now adds that in uncomplicated patients, level of excretory kidney 
function is considered the most important factor in the decision to start RRT by only half of 
nephrologists, a percentage decreasing further for patients with unfavourable clinical (24%) 
or social conditions (32%), suggesting that the importance of signs and symptoms has 
gained importance in comparison to level of excretory kidney function. 
The target eGFR at which nephrologists aimed to start treatment in uncomplicated patients 
was 10.0 mL/min/1.73 m2, which is slightly higher than eGFRs reported by studies using 
data from patient records, in which values ranged from 7.5-8.8 mL/min/1.73 m2.4,17-19 
Consistent with our finding that only 7% indicated that the planned start was never delayed, 
a possible explanation for these differences may be that the actual start usually is later than 
the planned start. 
Respondents indicated that the presence of chronic clinical conditions often resulted in an 
earlier start of RRT, in other words, as soon as a permanent access is available. Results 
from Lassalle et al19 also showed higher percentages of older patients and diabetes and 
cardiovascular diseases in patients starting at eGFR > 10 mL/min/1.73 m2. Similar results 
were found by Stel et al,20 who reported that nephrologists tend to start earlier in the elderly 
and patients with diabetes, although the difference was only 0.6 mL/min/1.73 m2. The higher 
eGFRs in the elderly and patients with chronic clinical conditions may be the result of 
malnutrition inducing lower serum creatinine levels and thus higher eGFRs.15 In line with the 
guidelines, acute clinical factors such as uraemic symptoms and progressive deterioration in 
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nutritional status often resulted in an immediate start, just like patient’s preference and 
availability of a matching pre-emptive transplant from a living donor, the latter being shown 
previously by van Stralen et al. in paediatric patients. 21 
The start of dialysis therapy often was postponed by patient’s preference and the presence 
of vascular dementia. However, 31% of nephrologists indicated they start dialysis therapy, or 
at least start preparations for dialysis therapy, despite patient preference to postpone 
dialysis. Vascular dementia may worsen if the patient is treated with dialysis, which may 
explain why the majority postpone the start of dialysis therapy.22-24 However, respondents 
stressed that the severity rather than the presence of vascular dementia has a role in their 
decision making. 
We found several differences in opinion when examining results by nephrologists’ and 
facilities’ characteristics, for example, regarding the target eGFR in Table 3, although the 
clinical relevance may be questioned considering the low accuracy of eGFR in patients with 
ESRD. Respondents from high-incidence countries more often believed that starting at GFR 
10.5 mL/min/1.73 m2 is beneficial, although even in high-incidence countries, this share 

was only 18%. Respondents from low-incidence countries seem less inclined to start RRT 
sooner in patients with older age and chronic conditions (such as vascular dementia or 
chronic heart disease). They also more often would postpone treatment because of a 
relative lack of dialysis capacity and reported a waiting list for long-term dialysis treatment. 
Because old age and chronic heart disease are common, these observed differences may 
be relevant for explaining the variation in take-on rates. Nephrologists in high-incidence 
countries were more eager to start RRT at higher GFRs and more inclined to start in less 
healthy patients; the opinions thus are reflected in actual practice. Nephrologists from 
private and for-profit centers less often had a waiting list for long-term dialysis treatment 
than those from public and not-for-profit centers. We speculate that in some cases, these 
differences by organizational status may reflect a supply-led demand rather than the best 
patient interest. If a private or for-profit center has the capacity, they may start RRT earlier 
compared with public or not-for-profit centers. However, in these public centers, dialysis 
sometimes cannot be started because of a lack of capacity.25 Previous studies showed a 
positive association between RRT incidence and the share of private for-profit HD 
facilities.26,27 Our results are in line with them and add that the higher incidence may be 
caused in part by applying higher target eGFRs at RRT initiation. 

 
With this international survey including 11 European countries, we examined a wide range of 
current opinions of nephrologists’ on their decision for when to start RRT. Since the previous 
survey on this matter in 2000, several debates and cohort studies were published 
suggesting that starting RRT at higher eGFRs may be harmful.2-6,8,12,14,18,19,28 Therefore, we 
needed an update regarding current opinions on this topic. 
Limitations of this study are that we were unable to calculate the exact response rate, and 
with our sample size, the generalizability of our results could be questioned. We did not 
know how many of those receiving the survey were nephrologists and were involved in 
decision making for when to start RRT. Nevertheless, based on a worst-case scenario, 
assuming that all nephrologists received the survey and were eligible for participation, we 
estimated a low response rate. However, surveys with a low response rate do not by 
definition have non-response bias.29,30 A sensitivity analysis using only countries with a 
response > 10% provided similar results. Because we lacked information for non-
responders, we do not know whether and to what extent non-response bias affected our 
results. Another potential limitation is that respondents gave socially desirable answers 
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because the subject addressed an extensively debated topic. We tried to minimize this by 
emphasizing the anonymous data collection. Additionally, nephrologists with a special 
interest and strong opinions may have been more eager to respond (volunteer bias). Finally, 
we conducted this survey several months after publication of the IDEAL trial, but 
respondents were asked to report their opinions prior to this publication; therefore, recall 
bias may have had a role. 
In conclusion, our results provided insight into what is considered current best practice from 
nephrologists’ point of view and we showed that signs and symptoms are important in 
decision making for when to start RRT. In the absence of those symptoms, level of excretory 
kidney function is considered the most important factor by only half the nephrologists. 
Respondents reported that they would start RRT sooner on account of chronic conditions 
and patient preference, but significant acceleration in RRT initiation was reported to be 
triggered by acute clinical factors such as hyperkalaemia, uraemic symptoms, and fluid 
overload. Whereas our survey focused on nephrologists’ opinions, future research should 
include an additional focus on patients’ perspectives. Before being able to optimise medical 
practice in relation to starting RRT, we first need to assess the importance of medical and 
shared decision making for patient prognosis. 
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With this survey we aim to determine European nephrologists’ current opinions 
about:
• When to start renal replacement therapy (RRT) for end stage renal disease in early 
referred adult patients in whom you anticipate a further decline of renal function 
• Which clinical, social, and logistical factors influence this decision 
• Which factors play a role in the decision NOT to start RRT 

Please take a few moments to answer the following questions. Part one includes 
questions on when to start RRT, part two focuses on reasons not to start RRT, while 
part three includes some general questions about you. 
 
1) In the following groups of patients, do you consider the level of excretory renal function as 
the most important factor in your decision when to start RRT? 
 Yes No 

• Uncomplicated patients*  
• Patients with unfavourable 
clinical conditions**    

• Patients with unfavourable 
social conditions***  

  

* Uncomplicated patients are those without malnutrition/inflammation (wasting), fluid overload, 
hyperkalaemia or major comorbidities 
**Unfavourable clinical conditions are for example malnutrition/inflammation (wasting), fluid overload, 
hyperkalaemia, mental disorders, or major comorbidities 
***Unfavourable social conditions are for example a lack of social support, patient is living alone or 
incapable to perform exchanges themselves (PD), non-compliance, or language problems 
 
2) In 2008, how did you generally assess the level of renal function to make a decision about 
when to start RRT? (Multiple answers possible) 

 Estimation of GFR using a formula, with attention to the use of the appropriate  
          creatinine determination method (eg IDMS traceable creatinine when MDRD is used) 

 Estimation of GFR using a formula, but I have no clue which creatinine determination   
      method is used in my lab. 

 Estimation of GFR with a formula using cystatin C 

 Measuring 24h creatinine clearance 

 Calculating mean of 24h creatinine and urea clearance 

 Measuring 24h creatinine clearance during cimetidine therapy 

 Measurement of GFR using exogenous markers, e.g. inulin, iohexol, CrEDTA, DTPA. 

 Measuring plasma creatinine only 

 Measuring plasma urea only 

 Other measurement (optional, please specify below) 
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Consider a non-diabetic, uncomplicated* 60-year old male patient (weight 80 kg, 
height 1.80 m) in whom you confidently anticipate a further decline of renal function. 
 
3) On average, at what level of residual renal function do you aim to start RRT? 
Please fill out the option(s) most applicable for your clinical practice. 

 eGFR (mL/min/1.73m2) 

Calculated rGFR; i.e. mean of creatinine and urea clearance (mL/min) 

 Plasma urea (mmol/L) 

 Serum creatinine (micromol/L) 

 Serum creatinine (mg/dL) 
 
Remarks to this question: 
 
* Uncomplicated patients are those without malnutrition/inflammation (wasting), fluid 
overload, hyperkalaemia or major comorbidities 
 
4a) In retrospect the actual starting point of RRT might be delayed. 
In 2008, how frequently did patients under your care start dialysis at a lower level of renal 
function than you would consider ideal? 

 Always 

 Often (i.e.  50%)  

 Sometimes (i.e. < 50%)  

 Never 
 
4b) What was the most important reason for the delay in patients followed by your unit? 

 Lack of dialysis facilities 

 Patient preference 

 Lack of adequate preparation for definitive dialysis treatment 

 Not applicable 

 Other reason (optional, please specify below) 
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Consider a patient with a level of residual renal function on which you would usually 
decide to still POSTPONE dialysis. 
5a) How would the following conditions affect your decision on when to start dialysis? 
 
 Immediate start 

of dialysis (with 
an acute 
access) 

Start of dialysis when 
a permanent access is 
ready 

Not start dialysis 
(yet), even if 
access is 
available 

CHRONIC CLINICAL CONDITIONS  
Diabetes Mellitus    
Age > 75 years    
Chronic heart disease    
Presence of cirrhosis or chronic liver 
disease    

OTHER CLINICAL CONDITIONS  
Symptoms of uraemia (nausea, 
vomiting, pruritus)    

Fluid overload refractory to diuretic 
therapy    

Progressive deterioration of 
nutritional status (attributed to 
uraemia) 

   

Life-threatening hyperkalaemia 
refractory to medical therapy    

Pericarditis attributed to uraemia    

Predicted progressive fall in GFR 
within the next month    

Other condition (optional, please 
specify below)    

 
Consider a patient with a level of residual renal function on which you would usually 
decide to still POSTPONE dialysis. 
5b) How would the following conditions affect your decision on when to start dialysis? 
 
 
SOCIAL/LOGISTICAL CONDITIONS 

Immediate start of 
dialysis (with an 
acute access) 

Start of dialysis 
when a 
permanent 
access is ready 

Not start 
dialysis (yet), 
even if  
access is 
available 

Patient’s preference to start RRT    
Wishes of the family to start RRT    
Vascular dementia    
Other low mental functional status (e.g. 
Down syndrome)    

Non-adherence to prescribed diet and/or 
medication    

Other condition (optional, please specify 
below)    
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Consider a patient with the lowest level of residual renal function on which you would 
usually decide to still POSTPONE dialysis. 
 
5c) In case a matching pre-emptive transplant is available, would you perform a transplant 
earlier than you would start dialysis? 
 
 Yes, I would perform 

a transplant earlier 
than I would usually 
start dialysis 

No, I would not 
perform a 
transplant at this 
stage yet 

Not applicable 

Living related kidney 
donor    

Living unrelated 
kidney donor    

Combined kidney-
pancreas donor    

 
Consider an uncomplicated* patient with the level of residual renal function on which 
you would usually decide to START dialysis. 
 
5d) How would the following conditions affect your decision on when to start dialysis? 
 
 Start of dialysis or 

preparations for 
dialysis 

Postpone dialysis Not applicable 

Patient’s preference to 
postpone RRT 

   

Wishes of the family to 
postpone RRT 

   

Long distance to dialysis 
facility 

   

(Relative) lack of capacity 
in dialysis facility 

   

Vascular dementia    

Other low mental 
functional status (e.g. 

   

Non-adherence to 
prescribed diet and/or 

   

* Uncomplicated patients are those without malnutrition/inflammation (wasting), fluid 
overload, hyperkalaemia or major comorbidities 
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6) In 2008, was there a waiting list for patients to start chronic dialysis at your unit because 
dialysis facilities were lacking? 

 Always 

 Often (i.e.  50%)  

 Sometimes (i.e. < 50%)  

 Never  
 
7a) In general, do you think an early start of RRT (i.e. GFR>10.5 ml/min/1.73m2) is 
beneficial? 

 Starting dialysis at a GFR>10.5/ml/min/1.73m² is always beneficial 

 Starting dialysis at a GFR>10.5/ml/min/1.73m² is only beneficial if also associated  
              symptoms are present Starting dialysis at a GFR >10.5ml/min/1.73m² is never   
              beneficial if no other uremic symptoms are present  

 Starting dialysis at a GFR>10.5ml/min/1.73m² is never beneficial 
  
7b) Why do you think an early start is beneficial? (multiple answers possible) 

 Improved patient survival when compared to later start of RRT (even after allowance  
  for lead-time bias) 

 Improved quality of life when compared to later start of RRT 

 Reduction of emergency start dialysis 
 Other reason (optional, please specify below) 

  
7b) Why do you think a later start is beneficial? (multiple answers possible) 

 Improved patient survival when compared to early start of RRT 

 Improved quality of life when compared to early start of RRT 

 Other reason (optional, please specify below) 
 
8) In 2008, when you intended to start RRT, how often did the patient refuse treatment? 
Approximately ___% of all patients 
 
9) In 2008, when you anticipated that the patient's survival or quality of life gained by starting 
RRT was relatively low, how often did you offer RRT? 

 Always 

 Often (i.e.  50%)  

 Sometimes (i.e. < 50%)  

 Never 

 Not applicable 
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10) When you intended NOT to start RRT, how often did you discuss this with the patient 
and his or her family? 

 Always 

 Often (i.e.  50%)  

 Sometimes (i.e. < 50%)  

 Never 
 
11) When you intended NOT to start RRT, how often did the patient’s preferences change 
your decision? 

 Always 

 Often (i.e.  50%)  

 Sometimes (i.e. < 50%)  

 Never 
 
12) Please indicate the importance of the following factors in your decision NOT to start RRT 
but to provide conservative palliative treatment*. 
 Extremely 

important 
Quite  
important 

Slightly 
important 

Not important 
 at all 

Age     
Patient’s preference     

Wishes of the family     

Vascular dementia     

Other low mental functional 
status (e.g. Down syndrome) 

    

Low physical functional status 
(e.g. frailty) 

    

Social support     

Severe clinical conditions     

Other factors (optional, please 
specify below) 

    

*This means conservative palliative treatment until death, i.e not just to postpone dialysis. 
 
13) In 2008, how often did you decide to offer conservative care instead of RRT to a patient 
with a level of renal function on which you would normally start RRT? 
In approximately ___% of patients 
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Finally, could you please tell us a little about yourself by filling out the following 
questions? Please pick the most appropriate answer from the drop-down menus. 
 
14) Country 
 
15) Age 
 
16) Gender 
 
17) What type of facility do you work in?* 

Public/private  
 
Academic/non-academic   
 
For profit/not for profit 
 
Type of facility 

* If you work in more than one facility, please indicate the facility where you work most of the 
time. 
 
18) Please specify the numbers of HD, PD, transplantation, and conservatively treated 
patients in your facility. 

  
HD patients  
 
PD patients 

  
Patients with functioning graft 

  
Conservatively treated patients 

  
Total of patients 

 
19) Please specify the number of years of your clinical experience as a consultant 
nephrologist. (excluding training time) 
  
20) Do you have any additional comments? 
 
21) Would you like to stay informed about the results of this survey? 

 No 

 Yes (please fill out your email address below) 

 I would like to stay informed on the following email address 
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ABSTRACT

 

Background For some patients with end-stage renal disease providing conservative 
care until death may be an acceptable alternative for renal replacement 
therapy (RRT). We aimed to estimate the occurrence of conservative 
care in Europe and evaluated opinions about which factors nephrologists 
consider important in their decision not to offer RRT. 

Methods With a web-based survey sent to nephrologists in 11 European countries 
we inquired how often RRT was not started in 2009 and how specific 
factors would influence the nephrologists’ decision to provide 
conservative care. We compared subgroups by nephrologist and facility 
characteristics using chi-square tests and Mann Whitney U tests.

Results We received 433 responses. Nephrologists decided to offer conservative 
care in 10% of their patients (interquartile range [IQR] 5-20%). An 
additional 5% (IQR 2-10%) of the patients chose for conservative care as 
they refused when nephrologists intended to start RRT. Patient 
preference (93%), severe clinical conditions (93%), vascular dementia 
(84%), and low physical functional status (75%) were considered 
extremely or quite important in the nephrologists’ decision to provide 
conservative care. Nephrologists from countries with a low incidence of 
RRT, not-for-profit centers, and public centers more often scored these 
factors as extremely or quite important than their counterparts from high-
incidence countries, for-profit centers and private centers. 

Conclusions Nephrologists estimated conservative care was provided to up to 15% of 
their patients in 2009. The presence of severe clinical conditions, 
vascular dementia, and a low physical functional status are important 
factors in the decision-making not to start RRT. Patient preference was 
considered as a very important factor, confirming the importance of 
extensive patient education and shared decision-making. 
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INTRODUCTION

The main purposes of providing dialysis to patients with end-stage renal disease (ESRD) are 
to prolong their life and to improve their quality of life. However, for those patients with a 
relatively short expected gain in survival, providing conservative care may be an acceptable 
alternative for dialysis.1;2 Different definitions for conservative care for ESRD are used in the 
literature.3 In the current paper we define conservative care as conservative palliative care 
until death, i.e. not just to postpone renal replacement therapy (RRT). If a patient is 
managed conservatively, all aspects of standard clinical care could be provided including 
outpatient visits to a nephrologist, the prescription of relevant medication and diet to control 
blood pressure, nutritional status, and uraemic symptoms.4

Over the last decade, the demographics of the RRT population have changed for various 
reasons, including an increased acceptance rate for RRT and start of RRT at higher levels 
of residual renal function.5;6 As a result the proportion of older ESRD patients with 
comorbidities at the start of RRT has increased.7

Recent studies showed that patient choices regarding dialysis and conservative care were 
affected by different factors. In a ‘discrete choice’ study, Morton et al. showed that patients 
reported that theoretically they would prefer conservative treatment over dialysis treatment if 
fewer hospital visits were required and if conservative treatment resulted in fewer restrictions 
to their ability to travel or go on short trips.8 Chanouzas et al. found that of 242 incident pre-
dialysis patients (eGFR <25 ml/min/1.73 m2) who had completed a formal, multidisciplinary 
pre-dialysis education package, 10% chose conservative care rather than dialysis treatment. 
This choice for conservative care was associated with being unmarried or living alone, high 
age, having a higher comorbidity score or lower functional status.9

For nephrologists, different factors may be involved in the decision-making, but which 
factors are considered most important is unknown. With this study, we aimed to estimate the 
occurrence of conservative care in Europe and to evaluate nephrologists’ opinions on which 
factors influence their decision not to start RRT but to provide conservative care instead. In 
addition, we evaluated whether these opinions differed by nephrologists’ and facility 
characteristics. 

METHODS

Survey design and distribution 
This study is part of a survey aiming to evaluate current opinions of nephrologists on the 
decision-making process on both when to start and not to start RRT. We developed a 26-
item web-based survey in English using the online tool SurveyMonkey (SurveyMonkey.com, 
Portland, Oregon USA, Ryan Finley). In autumn 2010 we distributed the survey to as many 
nephrologists as possible via the national renal registries and/or national societies of 
nephrology in 11 European countries, i.e. Belgium, Croatia, Germany, Finland, Greece, Italy, 
FYR of Macedonia, The Netherlands, Romania, Spain, and the United Kingdom (UK). 
Survey completion was voluntary and invitations included the option to decline. Those opting 
out were removed from the contact list and not contacted further. No incentives were offered 
for survey completion and responses were collected and analyzed anonymously. The survey 
is described in more detail elsewhere and a copy of the survey is provided as Appendix to 
Chapter 3.10

We defined conservative care as palliative treatment with the intention to provide it until 
death, i.e. not just to postpone RRT. For this part of the study, we asked how often RRT was 
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not started and how specific factors would influence the nephrologist’s decision to provide 
conservative care (Table 1). 

Data processing and analysis 
We downloaded and stored the completed surveys and analysed them using SPSS version 
16.0. Simple descriptive statistics were applied and for skewed data we calculated medians 
with interquartile ranges (IQR), i.e. the range between the 25th and 75th percentile, and 
minimum-maximum ranges.  
To evaluate whether opinions differed by nephrologist or facility characteristics, we 
performed analyses stratified by several subgroups. Nephrologists characteristics included 
age, sex, and working in a country with a low or a high incidence of RRT. The latter was 
determined using data from the ERA-EDTA Registry.11 Countries were classified as low-
incidence or high-incidence when the age and sex adjusted RRT incidence per million 
population (at day 91 after starting RRT) was below or above the median of participating 
countries. Subgroups based on facility characteristics were defined as public versus private 
centers, non-academic versus academic centers, and not-for-profit versus for-profit centers. 
Associations were tested using chi-square tests and Mann-Whitney U tests. A two-sided P-
value < 0.05 was considered statistically significant.  

Table 1: Questions included in the survey regarding conservative palliative care 
Question Answers 
In 2009, how often did you decide to offer conservative care instead of RRT to a 
patient with a level of renal function on which you would normally start RRT? 

Approximately ___% of 
all patients 

In 2009, when you intended to start RRT, how often did the patient refuse 
treatment?

Approximately ___% of 
all patients 

In 2009, when you anticipated that the patient’s survival or quality of life gained 
by starting RRT was relatively low, how often did you offer RRT? 

Always 
Often
Sometimes
Never
Not applicable 

Please indicate the importance of the following factors in your decision not to 
start RRT but to provide conservative palliative treatment instead. 

-Patient preference 
-Wishes of the family 
-Age
-Severe clinical conditions 
-Vascular dementia 
-Other low mental functional status 
-Low physical functional status 
-Social support 

Extremely important 
Quite important 
Slightly important 
Not important at all 

When you intended not to start RRT, how often did you discuss this with the 
patient and his or her family? 

Always 
Often
Sometimes
Never

When you intended not to start RRT, how often did the patient’s preferences 
change your decision? 

Always 
Often
Sometimes
Never
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RESULTS

We received 433 completed surveys. The characteristics of the responding nephrologists 
are presented in Table 2. The majority of them were male (65%) and between 45 and 64 
years old (57%). Most nephrologists worked in public not-for-profit centers (71%), whereas 
13% worked in private for-profit centers, 10% in public for-profit centers, and 6% in private 
not-for-profit centers. The percentage of nephrologists working in public not-for-profit centers 
was higher in low incidence of RRT countries (85%) than in countries with a high incidence 
of RRT (52%). 
As not all members of the national societies were actually nephrologists and not all 
nephrologists were involved in decision-making on the start of RRT, we were unable to 
determine the number of recipients eligible for participation in the survey and therefore could 
not assess the response rate. When assuming that all recipients (excluding bounced emails) 
were eligible respondents, the response rates would range from <1% (n=6 in Italy) to 44% 
(n=15 in FYR of Macedonia).  

Table 2: Baseline characteristics of the nephrologists 
Total (n=433) 

Males 280 (65%) 
Age of nephrologist 

 44 years 178 (41%) 
45-64 years 247 (57%) 
 65 years 8 (2%) 

Low-incidence of RRT countries 
Finland 35 (8%) 
Romania 18 (4%) 
Spain 53 (12%) 
The Netherlands 51 (12%) 
United Kingdom 88 (20%) 

High-incidence of RRT countries 
Belgium (Dutch-speaking part) 37 (9%) 
Croatia 17 (4%) 
Germany 69 (16%) 
Greece 44 (10%) 
Italy 6 (1%) 
FYR of Macedonia 15 (3%) 

Facility type 
Public 350 (81%) 
Private 83 (19%) 
Academic 199 (46%) 
Non-academic 234 (54%) 
For profit 100 (23%) 
Not for profit 333 (77%) 
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Occurrence of conservative care 
First, we asked how often conservative care was offered in 2009 to patients with a level of 
renal function on which nephrologists normally would decide to start RRT. On average, the 
respondents answered that they decided to offer conservative care to 10% (IQR 5%-20%) of 
their patients. Next, we focused on patient refusal of RRT in the patients in whom 
nephrologists intended to start RRT. Nephrologists indicated that when they intended to start 
RRT on average an additional 5% (IQR 2%-10%) of their patients refused treatment and as 
a consequence received conservative care.  
Eight percent of all nephrologists stated that they would never offer RRT to patients in whom 
the anticipated gain in survival or quality of life was relatively low. In contrast, 14% of the 
nephrologists indicated always to offer RRT to all their patients. This percentage was 
statistically significantly higher among nephrologists from countries with a high incidence of 
RRT (20%) when compared to nephrologists from countries with a low incidence (8%), 
p<0.001 (Figure 1). 
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Figure 1: In 2009, when you anticipated that the patient’s survival or quality of life gained by starting 
RRT was relatively low, how often did you offer RRT? 
This question was answered by 431 respondents. Abbreviations: RRT, renal replacement therapy
* Comparisons by other nephrologist or facility characteristics did not yield in statistically significant 
results

Factors influencing the decision to provide conservative care 
We asked the respondents to score the importance of several factors in their decision not to 
start RRT in four categories ranging from “extremely important” to “not important at all” 
(Table 3). When combining the categories “extremely important” and “quite important”, we 
found that the nephrologists considered patient preference (93%) and the presence of 
severe clinical conditions (93%) as the most important factors in their decision-making. 
Regarding patient preference, we found differences in opinion by facility or nephrologists’ 
characteristics. In not-for-profit centers, nephrologists more often rated patient preference as 
extremely or quite important (94%) than in for-profit centers (88%), p=0.03. A similar 
difference was found between nephrologists from low-incidence (96%) versus high-
incidence of RRT countries (89%), p=0.001 (Figure 2). The importance of the presence of 
severe clinical conditions in this decision-making did not differ between subgroups. 
Two other factors considered extremely or quite important by the majority of the 
nephrologists were the presence of vascular dementia (84%) and the presence of a low 
physical functional status, e.g. frailty (75%). The importance of these factors also differed 
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between nephrologists from low-incidence versus high-incidence of RRT countries with 
percentages of 94% versus 70% (p<0.001) for vascular dementia and 85% versus 60% 
(p<0.001) for the presence of a low physical functional status. A low physical functional 
status was also considered more important by nephrologists working in public versus private 
centers: 78% versus 61% (p<0.001). 

Table 3: Please indicate the importance of the following factors in your decision NOT to start RRT but to 
provide conservative palliative treatment instead. 

Extremely 
important 
n (%) 

Quite 
important 
n (%) 

Slightly 
important 
n (%) 

Not
important 
at all n (%) 

Patient preference 293 (75%) 72 (18%) 25 (6%) 3 (1%) 
Wishes of the family 29 (7%) 169 (43%) 159 (40%) 37 (9%) 
Age 20 (5%) 176 (45%) 147 (38%) 49 (13%) 
Severe clinical conditions 224 (57%) 142 (36%) 24 (6%) 2 (1%) 
Vascular dementia 158 (40%) 174 (44%) 53 (14%) 8 (2%) 
Other low mental functional 
status

45 (11%) 153 (39%) 143 (36%) 53 (14%) 

Low physical functional 
status

116 (30%) 177 (45%) 89 (23%) 10 (3%) 

Social support 19 (5%) 143 (36%) 160 (41%) 71 (18%) 
This question was answered by 394 respondents. Abbreviations: RRT, renal replacement therapy 

Although all factors were considered important to a certain extent, some factors, including 
wishes of the family, age of the patient and low mental functional status (other than vascular 
dementia) were considered less important than the aforementioned factors and were scored 
extremely or quite important by only half of all respondents. Finally of the factors studied, 
social support was considered least important; only 41% of the nephrologists scored this 
factor as extremely or quite important. For virtually all factors, nephrologists from low 
incidence countries rated the importance of factors not to start RRT higher as compared to 
nephrologists from high incidence countries (Figure 2). 

Patient’s role in the decision-making by nephrologists 
As mentioned above, we found that nephrologists consider patient preference as one of the 
most important factors in their decision not to start RRT. In Table 4 we present how often the 
nephrologists discussed their decision not to start RRT with the patients and his or her 
family. According to 81% of the nephrologists the decision to provide conservative care 
rather than to start RRT is always discussed with the patient and his or her family, whereas 
1% reported never to discuss this decision. In not-for-profit centers the nephrologists more 
often discussed their decision with the patients than their counterparts from for-profit 
centers, i.e. 82% versus 77%, p=0.04. 
In case a nephrologist initially intended not to start RRT, the preference of the patient always 
changed this decision according to 10% of the nephrologists (Table 5). This percentage was 
8% in low-incidence of RRT countries and 14% in high-incidence of RRT countries (p=0.02). 
According to 13% of the nephrologists the preference of the patients never changed their 
decision not to start RRT. This percentage was significantly different between nephrologists 
from for-profit centers (20%) and those from not-for-profit centers (11%), p=0.04. 
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Figure 2: The importance of factors in the decision NOT to start RRT stratified by nephrologists from 
low versus high incidence of RRT countries. 
This question was answered by 394 respondents. 
Abbreviations: Low inc = Low incidence of RRT countries, High inc. = High incidence of RRT countries 

Table 4: When you intended NOT to start RRT, how often did you discuss this with the patient and 
his/her family? 

All (n=394) 

n (%) 

Not-for-profit  
Centers (n=302) 
n (%) 

For-profit  
Centers (n=92) 
n (%) 

Always 318 (81%) 247 (82%) 71 (77%) 
Often ( 50% of the time) 61 (15%) 47 (16%) 14 (15%) 
Sometimes (<50% of the time) 13 (3%) 8 (3%) 5 (5%) 
Never 2 (1%) 0 (0%) 2 (2%) 
Abbreviations: RRT, renal replacement therapy * Comparisons by other nephrologist or facility 
characteristics did not yield in statistically significant results 

Table 5: When you intended NOT to start RRT, how often did the patient’s preferences change your 
decision?

All (n=394) 

n (%) 

Low incidence 
countries
(n=238)

n (%) 

High
incidence
countries
(n=156)
n (%) 

Not-for-profit
centers
(n=302)

n (%) 

For-profit  
centers
(n=92)

n (%) 
Always 39 (10%) 18 (8%) 21 (14%) 31 (10%) 8 (9%) 
Often
( 50% of the time) 

74 (19%) 37 (16%) 37 (24%) 52 (17%) 22 (24%) 

Sometimes
(<50% of the time) 230 (58%) 152 (64%) 78 (50%) 186 (62%) 44 (48%) 

Never 51(13%) 31 (13%) 20 (13%) 33 (11%) 18 (20%) 
Abbreviations: RRT, renal replacement therapy * Comparisons by other nephrologist or facility 
characteristics did not yield in statistically significant results 
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DISCUSSION

In 2009, European nephrologists estimated to have offered conservative care to 10% of their 
patients Additionally, of the 90% of patients in whom nephrologists intended to start RRT, 
5% refused RRT and opted for conservative care themselves. Conservative care was 
therefore estimated to be provided to up to 15% of the patients in 2009. From the 
nephrologists’ perspective, important factors in this decision were patient preference, the 
presence of severe clinical conditions, vascular dementia, and a low physical functional 
status.

Occurrence of conservative care 
For ESRD patients with a poor prognosis, i.e. elderly patients and those with multiple 
comorbidities, chances to receive a kidney transplant are low and dialysis may not 
necessarily confer a survival benefit or improve quality of life. Treating such patients 
conservatively may be an acceptable alternative for dialysis, as it causes less distress for 
the patient and is less costly. However, only few studies examined differences in survival 
between patients treated with RRT and conservative care appropriately using multivariable 
models adjusting for (potential) confounders. Crude results generally favoured dialysis over 
conservative care in terms of patient survival,12;13 but adjustment for relevant confounders 
caused differences to become less prominent or became non-significant.2;14;15 Carson et al. 
concluded that there are survival benefits for dialysis patients, but that this gain in survival 
time mostly comes together with an increase in hospitalisation days.12 For elderly or frail 
patients the quality of life is potentially more important than survival. De Biase et al. 
compared the quality of life between older patients (age >75 years) receiving conservative 
care and those who were recommended for conservative care but opted for haemodialysis 
(HD) themselves. Despite having more comorbidities and a lower functional status, patients 
receiving conservative care maintained a satisfactory quality of life that was not different 
from the patients receiving HD.16

Our data show that nephrologists estimated to have decided to offer conservative care to 
10% of their patients in 2009. Using data from the UK, Smith et al. showed that after 
multidisciplinary assessment 20% of the patients were recommended for conservative care, 
but 4% opted for RRT.2 Results of a study by Morton et al. showed that of all incident CKD 
stage 5 patients 15% were was treated conservatively.17 We found the same result for the 
respondents from the UK, as they indeed estimated to have offered conservative care to 
15% of their patients in 2009. In a Canadian setting, 25% of the referred patients were not 
treated with dialysis as a result of a poor prognosis and poor quality of life.18 A potential 
explanation for this difference may be that in the Canadian study the actual rate of referral to 
conservative care programs was assessed, while in our study respondents had to estimate 
the percentage of patients who were offered conservative care one year earlier. 18

Patient’s role in the decision-making by nephrologists 
Seventy-five percent of the nephrologists considered patient preference as extremely 
important in the decision-making and only 13% said that patients’ preferences never 
changed their decision to provide conservative care. This latter finding may not by definition 
imply that for 13% of the nephrologists patient preference is not considered in the decision-
making. It is also possible that in the far majority of cases there is no need to change the 
initial intention not to start RRT because there simply is no difference in opinion between the 
patient and the nephrologist. These findings show that nephrologists consider shared 
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decision-making as important. Adequate pre-dialysis patient education about treatment 
options, including conservative care, is necessary to enable patients to make informed 
decisions. This was confirmed by a study by Russ et al. in which patients indicated to desire 
more information about how long they can expect to survive on dialysis and what the impact 
of the treatment will be on their daily lives.19 Although patient preference is considered to be 
one of the most important factors in the decision-making by nephrologists, only few studies 
examined patient preference in detail. In these previous studies patients opting for 
conservative care were older, more often had diabetes or a higher comorbidity score in 
general, and were more functionally impaired than the patients preferring dialysis 
treatment.9;20;21 The most important reasons for these elderly patients to choose 
conservative treatment over dialysis included the speculated loss of autonomy, the patients’ 
old age and the related decrease of vitality, the distance from a dialysis center or travel 
limitations to reach this center. Also, some patients indicated that they did not to want to 
think about the future or did not want to be a burden for their loved ones.9;19-21

Besides patient preference, other important factors in the decision-making were the 
presence of severe comorbidity, vascular dementia, and a low physical functional status. 
Age was considered extremely or quite important by only half of all nephrologists, 
suggesting that they rely more on biological age than on calendar age. 

Differences by nephrologist and facility characteristics 
The importance of reasons to provide conservative care instead of RRT did not differ by 
age, sex or experience of the nephrologist. However, differences were shown between 
countries, by profit status and between public versus private centers, suggesting that these 
factors are more important than the characteristics of individual nephrologists. Conversely, it 
is also possible that nephrologists with certain characteristics or attitude towards treatment 
choices are more inclined to work in a specific type of facility.  
Eight percent of the nephrologists from low-incidence countries and 20% of those from high-
incidence countries indicated still always to offer RRT even when they anticipated patient’s 
survival or quality of life gained by starting RRT was relatively low. This suggests that 
nephrologists in countries with a high incidence of RRT apply more liberal acceptance 
criteria for ESRD patients than nephrologists in low-incidence countries. A study by 
Couchoud et al. showed that each standard deviation increase in the proportion of 
nephrologists working in private practice (i.e. 26.3%) was associated with a 5% increase in 
RRT incidence.22 This is in line with our study, in which the proportion of nephrologists 
working in private for-profit centers is higher in high incidence of RRT countries. 
In a previous study based on this survey we found that not-for-profit and public centers more 
often experience a relative lack of capacity or a waiting list to start dialysis.10 On the one 
hand, nephrologists in these centers possibly apply a stricter patient selection than those in 
centers where there is ample capacity; but on the other hand, nephrologists in for-profit 
centers may be influenced partly by financial considerations (overcapacity) in addition to 
expected patient benefit. This is in line with our finding that nephrologists from not-for-profit 
and public centers more often indicated that factors such as the presence of a low physical 
functional status (e.g. frailty) were extremely important in their decision not to start RRT.
Another explanation for the different results by ownership status may be case-mix 
differences in patient populations. Public centers may treat more late-referred patients and 
may have a more developed palliative care unit than private centers. For-profit centers 
generally treat less severely ill patients, and the nephrologists in these centers may have 
less experience with the decision-making on not to start RRT. In some countries, like in 
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Croatia, FYR of Macedonia and Spain, nephrologists in for-profit centers only provide 
continuation of haemodialysis, and therefore they are not involved in predialysis education 
and treatment, decision-making, and provision of conservative care.  

Study limitations 
There are potential limitations to this study. First, we were not able to assess the exact 
response rate of this survey. Based on the worst-case scenario we estimated a low 
response rate. This raises the possibility of non-response bias,23 but since we lacked 
information on non-responders we could not determine if and to what extent non-response 
bias influenced our results. We do acknowledge that volunteer bias may have affected our 
results, as nephrologists with a special interest or strong opinions on the subject may have 
been more eager to participate in our study. However, as the survey focussed both on 
reasons to start RRT as well as on conservative care it is unlikely that the responses were 
biased by a high proportion of responses from nephrologists with a particular interest in 
conservative care. Since the subject of this survey addressed an extensively debated and 
highly sensitive topic, it is possible that the respondents gave socially acceptable answers. 
We tried to minimize this by emphasizing the anonymous nature of data collection. 
Furthermore, the survey was distributed in autumn 2010 and respondents were asked to 
recall their practice in 2009. As a result recall bias may have affected the study results. 
Additionally, potentially relevant factors could not be taken into account. For example, the 
decision to start or not to start RRT requires shared decision-making – a process in which 
the patient’s views and preferences are elicited and taken into account in making a choice 
between two options. In this survey, we only obtained the nephrologists’ opinions, whereas 
especially the role of patient is crucial. Also the available types of treatment were not taken 
into account. For example, if assisted (home) dialysis can be provided this may be an option 
for patients whom otherwise would not be considered eligible for RRT. Finally, we examined 
differences in opinion by nephrologists’ and facility characteristics, but data on health care 
organisation and dialysis facility practices were not available.24 Additionally, previous studies 
showed that cultural and religious factors affect the end-of life decision-making by both 
patients and their physicians.25 This may especially be the case when it comes to the 
decision to provide conservative care instead of dialysis.26 For example, in some cultures it 
is very uncommon to discuss death, which is inevitable when informing patients about 
conservative care.27 Finally, differences in culture and religion may hamper extrapolation of 
our findings to non-European countries. 

Conclusion 
For some patient groups conservative care may be an acceptable alternative for RRT. We 
showed that in 2009, nephrologists decided to offer conservative care in 10% of the patients 
and another 5% of the patients refused treatment with RRT themselves. In total, 
conservative care was estimated to be provided to up to 15% of patients. From the 
nephrologists’ perspective important factors in the decision-making not to start RRT included 
patient preference, the presence of severe clinical conditions, vascular dementia, and a low 
physical functional status.  
Nephrologists in low-incidence of RRT countries and respondents from public and not-for-
profit centers, more often scored these “contra-indications” as extremely important in the 
decision-making on not to start RRT. Overall, the patient’s preference was considered a very 
important factor, which confirms the importance of extensive patient education before the 
start of RRT and shared decision-making. 
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ABSTRACT

Background The mean age of patients starting dialysis increased over the years, as 
has the proportion of patients with diabetes, ischaemic heart disease, 
peripheral vascular disease (PVD), cerebrovascular disease (CD), and 
malignancy. We assessed dialysis modality choice within subgroups of 
patients with these comorbidities and in different age categories and 
subsequently evaluated the association between modality choice and 
patient survival in these subgroups. 

Methods Seven European renal registries participating in the ERA-EDTA Registry 
provided data from 15,828 incident peritoneal dialysis (PD) and 
haemodialysis (HD) patients (1998-2006) with available comorbidity data. 
The likelihood to receive PD rather than HD was assessed with logistic 
regression and 3-year survival on PD versus HD was evaluated using 
Cox regression.

Results Besides large international variation in the likelihood to receive PD, we 
found that elderly patients and patients with PVD, CD, malignancy, and 
multiple comorbidities were significantly less likely to receive PD than 
HD. Overall patients starting on PD had survival benefits (HRadj 0.82 
[0.75-0.90]), especially patients without comorbidity  (HRadj 0.65 [0.53-
0.80]) or those with malignancy (HRadj 0.73 [0.56-0.94]). In males, 
survival benefits on PD were independent of diabetic status. Conversely, 
diabetic females tended to have increased mortality risk on PD (HRadj 
1.16 [0.93-1.44]), especially if >70 years (HRadj 1.55 [1.15-2.08]). 

Conclusions In general, modality choice was consistent with expected survival. 
However, elderly patients, non-diabetic patients and those with 
malignancy were less likely to receive PD, while they had increased 
mortality risk on PD. Also a survival benefit on PD was found for male 
patients without comorbidity, whereas they were as likely to receive HD 
or PD. 



Chapter 5 

73

5

INTRODUCTION

During the last decades, the mean age of patients starting renal replacement therapy (RRT) 
has increased substantially,1-3 as has the proportion of those suffering from diabetes, cardio- 
or cerebrovascular disease, or malignancies.  
Whether an end-stage renal disease (ESRD) patient will be treated with either 
haemodialysis (HD) or peritoneal dialysis (PD) at the start of RRT depends on practice 
patterns that may vary between and within countries due to several factors. Socio-economic 
factors, reimbursement for and (lack of) access to a particular treatment, time of referral, as 
well as patient or physician preferences, and patient characteristics such as age, gender, 
and primary renal disease all influence modality choice.4-9 In addition, the presence of 
comorbidities was demonstrated to play an important role in the choice for a particular type 
of dialysis.10-12

Which type of dialysis is considered to be optimal for various patient subgroups remains 
controversial. An American study evaluated determinants of modality selection and 
demonstrated that the ‘chance’ of receiving PD was lower for patients with advancing age, 
but showed no influence of malignancies on modality selection.12 In contrast, Couchoud et 
al. demonstrated that in France, PD was more likely to be chosen in elderly patients, but 
less frequently for patients with malignancies.13

Many of the previous studies on dialysis modality choice were based on data from just one 
country, in most cases the United States, where the proportions of patients on PD and HD, 
and patient profiles are different from those of other countries.12,14-19 Consequently, results 
of these studies may not be generalizable to non-American populations. In addition, most of 
these previous studies only adjusted for demographic and comorbid factors in their 
analyses, while we aim to assess modality choice within subgroups of patients based on 
age, gender, and the presence of diabetes, cerebro- or cardiovascular disease, or 
malignancy. With this large European registry-based study we subsequently aim to evaluate 
associations between modality choice and patient survival within these subgroups and to 
link these findings.  

METHODS

Study population 
The ERA-EDTA Registry collects a core dataset on RRT patients via national and/or 
regional renal registries in Europe. This dataset includes date of birth, gender, primary renal 
disease, date of first RRT, history of RRT (including dates and changes of modality), and 
date and cause of death. Only registries that provided us with additional comorbidity data at 
the start of dialysis were included in this study, i.e. Austria, Belgium (French-speaking part), 
Catalonia (Spain), Greece, Norway, Sweden, and the UK. Comorbidity data were collected 
as part of the routine data collection (Sweden) or within the framework of previous studies 
(Austria, Belgium, Catalonia, Greece, Norway, UK).20,21

We included patients of 20 years and older who started dialysis between 1998 and 2006. 
Day 91 on dialysis was considered as start of treatment, because at that moment the type of 
dialysis can be considered as the modality of choice. The comorbidities we studied were 
diabetes (DM), ischaemic heart disease (IHD), peripheral vascular disease (PVD), 
cerebrovascular disease (CD), and malignancies. Their classification was presented 
elsewhere.20 The category DM included both DM as primary renal disease and as 
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comorbidity in addition to another primary renal disease. The comorbidities were coded as 
being present or absent in the medical history at dialysis initiation. Patients were excluded if 
data on all 5 types of comorbidity were missing. However, in the Norwegian data of these 
years, no distinction was made between ‘missing comorbidity’ and ‘no comorbidity’; in this 
case we assumed patients had no comorbidity.  

Data analyses 
To test whether our study population was representative for the total dialysis population of 
the participating countries, we compared patient characteristics and 3-year survival of our 
study population with the results for patients that were excluded due to missing data on 
comorbidity.  
We performed logistic regression analyses to study the likelihood of receiving PD rather than 
HD. Patients were categorized based on age (i.e. 20-44, 45-59, 60-69, or 70 years) and on 
comorbidity count (i.e. none, one, two, or three to five comorbidities) to assess whether age 
and the number of comorbidities influenced the likelihood of receiving PD. Subsequently, we 
constructed separate multivariate logistic regression models to assess associations between 
comorbid and demographic factors and dialysis modality choice. These models included 
those variables that satisfied the criteria for confounding and are presented in the legends of 
Table 2.22 Results from logistic regression analyses are reported as adjusted Odds Ratios 
(ORadj) with 95% confidence interval (CI) for the likelihood of receiving PD rather than HD in 
the total dialysis population.  
To assess patient survival (from day 91) on PD when compared to HD we performed 
Kaplan-Meier and Cox proportional-hazard analyses for several subgroups. We restricted 
our survival analysis to a 3-year survival, because otherwise the number of patients at risk 
during follow-up became too small, i.e. below 10-20% of the total study population.(23) The 
subgroups were defined by comorbidity count, DM, IHD, PVD, CD, and malignancy. Follow-
up time was censored at recovery of renal function, kidney transplantation, loss of follow-up, 
and at the end of the observation period (December 31, 2006). Adjusted Hazard Ratios 
(HRs) with 95% CI for mortality were calculated using confounding variables which were the 
same as those in the logistic regression models as presented in the legends of Figure 2. 
Cells in the survival tables were left empty when less than 30 events occurred.  
As previous studies on survival in dialysis patients showed different results for males and 
females, diabetics and non-diabetics, and different age categories,24 we tested whether 
there was interaction between the variables sex, age and the separate comorbidities in our 
models. In the overall logistic regression analysis we found interaction between age and 
sex. In addition, interactions were found between DM and age and between DM and sex. 
Therefore we stratified our full model, and the model used to assess the association 
between DM and modality choice both for age and sex. In the survival analyses, interaction 
existed between dialysis modality and sex for patients with PVD or IHD, so stratification for 
sex was applied in these subgroups. The survival analysis for patients with DM was also 
stratified for sex based on literature.24

For subgroups the analysis was repeated using propensity scores instead of separate 
covariates as the application of propensity scores requires less degrees of freedom and 
thereby increases the power of the model.25 Propensity scores represent either the 
probability of receiving PD (logistic regression analyses) or of patient survival (Cox 
regression analyses) for each individual patient based on all confounders in the model. All 
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analyses were based on the intention-to-treat principle and were performed using SAS 9.1 
(SAS Institute Inc., Cary, NC, USA 1999-2001). 

Table 1. Baseline characteristics of the study population at Day 91 on dialysisa

Total N (%) HD N (%) PD N (%) P-value
Incidence of dialysis 
    Number of patients (%)b 15828 12731 (80) 3097 (20) 
    % Males 62 62 63 0.20
Age (years) 
    Mean (SD) 63 (15) 64 (15) 58 (16) <0.05
Age categories (%)b

    20–44 2235 (14) 1558 (12) 677 (22) <0.05
    45–59 3702 (23) 2826 (22) 876 (28) 
    60–69 3898 (25) 3158 (25) 740 (24) 
    70+ 5993 (38) 5189 (41) 804 (26) 
Comorbidity count (%)b

    0 6240 (40) 4801 (38) 1439 (47) <0.05
    1 4541 (29) 3630 (29) 911 (29) 
    2 2888 (18) 2416 (19) 472 (15) 
    3–5 2159 (14) 1884 (15) 275 (9) 
Presence of comorbidity (%) 
    Diabetes mellitus 4931 (31) 3976 (31) 955 (31) 0.670
    Ischaemic heart disease 4451 (28) 3662 (29) 789 (25) <0.05
    Peripheral vascular disease 3928 (25) 3461 (27) 467 (15) <0.05
    Cerebrovascular disease 2339 (15) 2047 (16) 292 (9) <0.05
    Malignancy 1687 (11) 1458 (11) 229 (7) <0.05
Country (%) 
    Austria 3302 (20) 2989 (23) 313 (10) <0.05
    Belgium (French-speaking) 378 (2) 343 (3) 35 (1) 
    Catalonia (Spain) 3294 (20) 3019 (24) 275 (9) 
    Greece 1982 (12) 1723 (14) 259 (8) 
    Norway 964 (6) 784 (6) 180 (6) 
    Sweden 1714 (11) 1143 (9) 571 (18) 
    United Kingdom 4194 (26) 2730 (21) 1464 (47) 
a P-values for HD versus PD patients. SD, standard deviation. b Percentages are row-percentages. 

RESULTS

Baseline characteristics 
Data on comorbidity were available from 15,828 out of 23,101 (69%) patients who started 
dialysis between 1998 and 2006. Baseline characteristics of the included patients for the 
total population and for HD and PD patients separately are presented in Table 1. In general, 
PD patients were younger and had less comorbid conditions as compared to HD patients. 
When comparing baseline characteristics between included and excluded patients (those 
without data on co-morbidity) their age (63 vs 62 years) and gender (62% males in both 
groups) were similar, but the proportion of patients on PD was lower in the study population 
(20% vs 28%). However, country, age and sex adjusted 3-year survival of PD patients 
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versus HD patients was similar in both groups, i.e. HRsadj of 0.82 (95% CI: 0.75 to 0.89) for 
the included versus 0.81 (95% CI: 0.72 to 0.91) for the excluded patients. 

Dialysis modality choice 
We calculated ORsadj for the likelihood to receive PD as compared to HD treatment for 
several potential risk factors (Table 2). The data showed a strong negative association 
between age and the choice for PD. Compared to the youngest age group (20-44 years), 
patients of 70 years and older were 56% less likely to receive PD as compared to HD 
treatment (ORadj 0.44; 95% CI: 0.39 to 0.51). Further analysis stratified for gender showed 
that this effect was less pronounced in males than in females with ORsadj of 0.53 (95% CI: 
0.44 to 0.63) for male patients of 70 years and older and 0.33 (95% CI: 0.27 to 0.41) for 
elderly females. There was no association between sex and modality choice (ORadj 1.03; 
95% CI: 0.94 to 1.13). 
Patients with three to five comorbidities were 19% less likely (ORadj 0.81; 95% CI: 0.69 to 
0.94) to start on PD compared to patients without comorbidity. Comparing modality choice in 
patients with and without specific comorbidities, we found a borderline significant association 
between the presence of DM and the likelihood to receive PD (ORadj 1.09; 95% CI: 1.00 to 
1.20). After stratification for age and gender, diabetic males were 17% (ORadj 1.17; 95% CI: 
1.04 to 1.31) more likely to receive PD compared to non-diabetic males, whereas for 
females the presence of diabetes did not make a difference (ORadj 1.00; 95% CI: 0.86 to 
1.16). In addition, we found that in diabetic patients both the younger (20 to 44 years), and 
the older patients ( 70 years) were 32 and 25% more likely to receive PD as compared to 
non-diabetic patients.   
Patients with IHD were as likely to receive PD as HD. Furthermore, patients with PVD, CD, 
or malignancy were significantly less likely to receive PD than patients without these 
conditions.
Table 2 also illustrates differences in PD treatment between the participating countries. 
Except for patients in Sweden, patients in the other countries were less likely to receive PD 
as compared to the UK (reference group). Further analysis by country suggested similar 
associations between risk factors and modality choice as those presented in Table 2 with 
two exceptions: Catalonia (Spain) where the presence of multiple comorbidities relatively 
strongly increased the likelihood of receiving PD and Greece where the likelihood of 
receiving PD increased with age. 

Patient survival 
Mean follow-up time was 1.6 years, with a maximum of 3 years. In this period, 6110 patients 
(38.6%) died, 6641 patients (42.0%) were alive and on dialysis at the end of the observation 
period, 1.6% was lost to follow-up, and 17.9% received a kidney transplant (17.7% of the HD 
patients and 17.9% of the PD patients). During the study, 8% of the patients switched from 
dialysis modality, i.e. 25% of the PD patients switched to HD and 4% of the HD patients 
switched to PD. Switches from PD to HD occurred more often with higher age and in the 
presence of comorbidity. Crude survival curves for male and female patients treated with HD 
or PD are presented in Figure 1.  
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Table 2: Crude OR and ORadj for the likelihood of receiving PD treatment when compared to 
receiving HD treatment (reference). 

Crude OR (95% CI) ORadj (95% CI) 
Agea

    20–44 1.00 1.00
    45–59 0.71 (0.63–0.80) 0.79 (0.69–0.90) 
    60–69 0.54 (0.48-0.61) 0.68 (0.59-0.78) 
    70+ 0.36 (0.32–0.40) 0.44 (0.39–0.51) 
Sexb

    Female 1.00 1.00
    Male 1.06 (0.97–1.14) 1.03 (0.94–1.13) 
Comorbidity countc

    0 1.00 1.00
    1 0.84 (0.76–0.92) 0.95 (0.86–1.05) 
    2 0.65 (0.58–0.73) 0.91 (0.80–1.03) 
    3–5 0.49 (0.42-0.56) 0.81 (0.69-0.94) 

1 comorbidity 0.70 (0.64–0.76) 0.89 (0.81–0.97) 
Presence of comorbidity 
    No DM 1.00 1.00
    DMd 0.98 (0.90–1.07) 1.09 (1.00–1.20) 
    No IHD 1.00 1.00
    IHDe 0.79 (0.73–0.87) 0.98 (0.88–1.09) 
    No PVD 1.00 1.00
    PVDe 0.47 (0.42–0.52) 0.72 (0.64–0.81) 
    No CD 1.00 1.00
    CDe 0.52 (0.46–0.60) 0.68 (0.59–0.79) 
    No malignancy 1.00 1.00
    Malignancyf 0.62 (0.54–0.72) 0.64 (0.55–0.75) 
Countryg

    United Kingdom 1.00 1.00
    Austria 0.20 (0.17–0.22) 0.22 (0.19–0.26) 
    Belgium (French-speaking) 0.19 (0.13–0.27) 0.22 (0.15–0.31) 
    Catalonia (Spain) 0.17 (0.15–0.20) 0.18 (0.16–0.21) 
    Greece 0.28 (0.24–0.32) 0.30 (0.26–0.35) 
    Norway 0.43 (0.36–0.51) 0.44 (0.37–0.53) 
    Sweden 0.93 (0.83–1.05) 0.97 (0.86–1.10) 
Adjustments: a country, sex, primary renal disease, DM, IHD, PVD, CD and malignancy. b Country, age, 
primary renal disease, DM, IHD, PVD, CD and malignancy. c Age, sex, and country. d Age, sex, country 
and malignancy. e Age, sex, country, DM and malignancy. f Age, sex, country, DM, IHD, PVD and CD. g

Age, sex, primary renal disease, DM, IHD, PVD, CD and malignancy.  
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Figure 1: Crude survival curves for PD and HD patients stratified for gender.

Using Cox regression models we calculated crude and adjusted HRs for the 3-year survival 
for PD compared to HD patients (Figure 2). Overall we found that initiating dialysis on PD 
resulted in a survival benefit with a HRadj of 0.82 (95% CI: 0.75 to 0.90). When examining 
patients without comorbidity, the risk of death on PD versus HD was even lower (HRadj 
0.65; 95% CI: 0.53 to 0.80), but with increasing number of comorbidities the survival benefit 
disappeared. When studying patient survival by presence or absence of comorbidities, those 
patients without a specific comorbidity and patients with a malignancy had survival benefits 
starting on PD as compared to HD. Patients with DM, IHD, PVD, or CD had no statistically 
significant survival benefits on PD as compared to HD.  
In patients with IHD and PVD we observed interaction between dialysis modality and sex. 
Moreover, interactions of DM with age and sex were described in the literature. We 
performed stratified survival analyses in these groups accordingly (Figure 3). After 
stratification for sex, the survival advantages of PD remained in males but not in females in 
the presence of comorbidities. For patients with three to five comorbidities we found a HRadj 
of 0.81 (95% 0.62 to 1.06) for males, whereas for females the HRadj was 1.53 (95% CI 1.06 
to 2.22). After additional stratification for age we found that females in the highest age 
category ( 70 years) already had an increased HRadj when at least one comorbidity was 
present (HRadj 1.28 (1.00 to 1.62; p=0.046). In patients with PVD, females tended to have 
worse survival outcomes on PD, whereas males tended to have better survival on PD with 
HRsadj of 1.27 (95% CI: 0.94 to 1.72; p=0.12) and 0.81 (95% CI: 0.64 to 1.02; p=0.08), 
respectively. Similar results were found for patients with IHD and DM. After additional 
stratification for age, the data showed that the increased risk of death in diabetic females on 
PD was only present in patients over 70 years of age (HRadj: 1.55; 95% CI: 1.15 to 2.08). 
For male patients with DM on PD, such age trend in risk of death was not found. Propensity 
score adjustment provided similar results. 
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Figure 2: Adjusted hazard ratios for the three year survival for PD versus HD patients (reference). 
Abbreviations: HR; Hazard Ratio, CI; Confidence Interval, DM; diabetes mellitus, IHD; ischaemic heart 
disease, PVD; peripheral vascular disease, CD; cerebrovascular disease. 
Adjustments: * age, sex, country, DM, IHD, PVD, CD, and malignancy. # sex, country, DM, IHD, PVD, 
CD, and malignancy. † age, sex, and country. ‡ age, sex, country, and malignancy. $ age, sex, country, 
DM, and malignancy. || age, sex, country, DM, IHD, PVD, and CD. 

Linking initial dialysis modality choice to patient survival 
Finally, we linked initial dialysis modality choice to related patient survival. For this purpose, 
we calculated the ORsadj for modality choice within each subgroup where the patient 
survival on PD and HD was statistically significantly different, as depicted in Figure 2. In 
most cases the ORadj for initial modality choice was in line with patient survival, i.e. if there 
was a survival advantage on PD, patients were more likely to receive PD as initial dialysis 
modality and vice versa (data not shown). 
However, there were some discrepancies in that particular patient groups had survival 
benefits on PD, whereas they were less likely to receive PD. In patients of 70 years and 
older there was a survival advantage on PD (HRadj 0.87; 95% CI: 0.76 to 0.99) whereas the 
likelihood of choosing PD was lower (ORadj 0.57; 95% CI: 0.52 to 0.63). Also patients 
without DM were less likely to receive PD (ORadj 0.91; 95% CI: 0.82 to 0.98), whereas their 
survival on PD was better (HRadj 0.74; 95% CI: 0.65 to 0.84). Finally, in patients with a 
malignancy the likelihood of choosing PD was lower (ORadj 0.64; 95% CI: 0.55 to 0.75) but 
their survival on PD was better (HRadj 0.73; 95% CI: 0.56 to 0.94).  
A discrepancy was also found for male patients without any comorbidity. These patients 
were as likely to receive either HD or PD as their initial dialysis modality (ORadj 1.04; 95% 
CI: 0.93 to 1.17), while a survival benefit when starting on PD was found (HRadj 0.67; 95% 
CI: 0.51 to 0.89). 
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Figure 3: Adjusted Hazard Ratios for the three year survival on PD versus HD in subgroups that were 
based on existing statistical interaction. 
* p=0.05; Abbreviations: HR; Hazard Ratio, CI; Confidence Interval, DM; diabetes mellitus, IHD; 
ischaemic heart disease, PVD; peripheral vascular disease
Adjustments:† age, sex, and country.‡ age, sex, country, and malignancy.$ age, sex, country, DM, and 
malignancy.|| age, sex, country, DM, IHD, PVD, and CD. 

DISCUSSION

The first aim of this study was to identify potential risk factors that influence modality choice 
in the dialysis population. We found that increasing age was associated with lower likelihood 
to receive PD, especially in female patients. In addition, we found that patients with PVD, 
CD, malignancies, or multiple comorbidities were less likely to receive PD than HD.  
However, the presence of DM was especially in males associated with a higher likelihood of 
receiving PD. There was no significant difference in receiving either PD or HD in patients 
with IHD and in male patients without any comorbidity. 
In contrast to United States data, the association between types of comorbidity and dialysis 
modality choice in Europe has been assessed in only few studies. Couchoud et al. studied 
the variability in case mix and PD selection in several French districts. In their study 
population of patients above 75 years of age they demonstrated that receiving treatment 
with PD was associated with older age, congestive heart failure, and severe behavioral 
disorders, but not with any type of vascular disease (of the heart, brain, or peripheral 
vessels). Patients with malignancy or DM less often received PD than HD as initial 
treatment,13,15 while in our study we demonstrated that older age and the presence of PVD 
and CD were negatively associated with the likelihood of receiving PD. This is in line with 
our findings suggesting different modality choice policies between countries, which, as 
outlined in the introduction, may be due to a variety of reasons. 
The presence of IHD did not affect treatment modality choice, which may be explained by 
the fact that IHD can be a contraindication for both dialysis modalities. In such cases 
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nephrologists may need to choose the lesser of two evils.10,11 In addition, nephrologists 
might be more interested in the presence of congestive heart failure, but unfortunately such 
data were unavailable in this study. When deciding between PD and HD, nephrologists may 
take potential treatment effects into account as well. PD may result in a more atherogenic 
profile, which may accelerate preexisting coronary artery disease or contribute to 
atherosclerotic cardiovascular comorbidity and mortality.26 This might explain why patients 
with PVD or CD at the start of RRT were less likely to receive PD. However, the differential 
effects of PD and HD on arterial stiffness, vascular function, oxidative stress and 
inflammation, and myocardial structure and function need to be evaluated more 
extensively.27

For diabetic patients both modalities may have drawbacks. Diabetic patients often suffer 
from calcific atherosclerosis which may lead to inadequate arterial inflow and problems with 
the vascular access during HD treatment.28,29 On the other hand, the glucose load during PD 
treatment could worsen the metabolic status and contribute to an increased risk of 
atherosclerotic complications.30 In addition, it is suggested that diabetic patients have a high 
peritoneal transport rate, which is associated with loss of ultrafiltration,28,31 and an increased 
risk of morbidity, technique failure, and death.31,32 However, the impact of high peritoneal 
transport rates on mortality remains controversial.  
The second aim of this study was to assess patient survival in subgroups of patients. Overall 
we found survival benefits for patients starting on PD, but effects of dialysis modality on 
survival were different for males and females in different comorbidity categories. Male 
patients showed better survival rates on PD, even in the presence of comorbidity. In 
contrast, survival benefits in females were only found for those with no or few comorbidity: 
female patients with three to five comorbidities as well as females in the highest age 
category with at least one comorbidity showed increased risks of death when starting on PD. 
However, this latter finding is most likely due to the effect in elderly diabetic females for 
whom we found a 55% higher risk of death when starting on PD as compared to HD.  
Some previous studies comparing survival between HD and PD patients suggested that 
patient survival is similar for patients on HD and PD,17,24,33-35 while others argued that one 
modality provides better results than the other.19,36-40 In agreement with our results,  
McDonald et al. suggested that age and the presence of comorbidities per se are important 
factors influencing the association between treatment modality and survival.17 In this study 
we were able to show that this is indeed the case for specific comorbidities. 
In a study among prevalent patients in the 1990’s, Bloembergen et al. found higher mortality 
risks associated with PD in patients older than 55 years of age. Increased mortality risks 
were present in both diabetic and non-diabetic patients and in both males and females, 
although they turned out to be more pronounced in diabetics and females.24 Our European 
study in incident patients now only shows an excess mortality risk in diabetic females over 
70 years of age.  
When studying modality choice in relation to survival we may conclude that in most 
subgroups the likelihood to receive PD was in line with expected survival, or in other words, 
patients who were most likely to receive PD treatment, had the best expected survival if 
treated with that modality.  However, there were a few discrepancies. First, elderly patients 
(age  70 years), non-diabetic patients, and those with malignancy were less likely to 
receive PD, although we found survival benefits on PD for these three groups.  In addition, 
in healthy patients, i.e those without any comorbidity we found survival benefits on PD for 
both males and females. However, results from our logistic regression analysis showed that 
females were indeed more likely to receive PD, but males were as likely to receive either HD 
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or PD. These discrepancies may be due to different factors. Nephrologists may let other 
medical factors prevail above increased mortality risk, they may have needed to choose for 
PD (e.g. because the patient’s heart condition was too poor to tolerate HD) or they may 
have been unaware of the expected patient survival on PD in these specific subgroups. In 
addition, modality choice may be based on practical and social considerations. For example, 
elderly or poorly patients will often choose HD because they regularly have difficulties to 
cope with or to perform home-based therapies. Nevertheless, these contrasting results 
emphasize the need for more extensive research on dialysis modality choice and outcome 
within these specific subgroups of patients.  
A major strength of this study is that it is based on a large population of incident dialysis 
patients from well-established national and regional renal registries with high data quality. 
With this study we were able to compare modality choice and related patient survival within 
several subgroups in a number of European countries. However, also some limitations can 
be noted. As one study has shown, the comparison of outcomes by randomizing patients for 
HD or PD is not feasible.41 A randomized trial however, is the only study design to avoid 
confounding by indication, which occurs when physicians select patients for one type of 
modality for a specific reason. In this study we lacked information on other potentially 
important comorbidities like congestive heart failure and on clinical parameters like residual 
renal function, laboratory values, and medication, which made adjustment for these factors 
impossible. Finally, in the survival analyses we censored patients who received a kidney 
transplant. As we can assume that these patients were the healthiest patients with high 
survival rates, censoring them might have resulted in an underestimation of the patient 
survival. Our study focused on survival within the first 3 years on RRT. This may have 
biased the results in favor of PD since previous studies demonstrated survival benefits to be 
dependent on time on RRT.17,42

In conclusion, based on data from seven European renal registries we demonstrated that 
patients with older age, comorbidities such as PVD, CD, and malignancy, multiple 
comorbidities, and those living in particular countries are less likely to receive PD as dialysis 
treatment. Survival benefits on PD were shown for all patients without specific comorbidities. 
In male patients, survival advantages were independent of the presence of comorbidity, 
whereas female patients on PD are suggested to have increased risks of death in the 
presence of comorbidity, especially the elderly females with DM. Overall we can conclude 
that modality choice was consistent with shown survival benefits. However, for patients of 70 
years and above, non-diabetic patients, and those with malignancy, treatment modality 
choice did not match the expected survival, as these patients were less likely to receive PD 
while they showed a better survival on PD. Also for male patients without comorbidity results 
were not in line with each other; these patients were as likely to receive HD and PD whereas 
a survival advantage on PD was found. Further investigation is required to identify 
explanations why these specific patient groups are not more likely to receive PD and 
whether the overall survival would improve if more of these patients would be treated with 
PD.
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ABSTRACT

 
 

Aims/hypothesis A previous study in Dutch dialysis patients showed no survival difference 
between patients with diabetes as primary renal disease and those with 
diabetes as a co-morbid condition. As this was not in line with our 
hypothesis, we aimed to verify these results in a larger international cohort 
of dialysis patients. 

Methods For the present prospective study, we used data from the European Renal 
Association-European Dialysis and Transplant Association (ERA-EDTA) 
Registry. Incident dialysis patients with data on co-morbidities (n = 15,419) 
were monitored until kidney transplantation, death or end of the study 
period (5 years). Cox regression was performed to compare survival for 
patients with diabetes as primary renal disease, patients with diabetes as a 
co-morbid condition and non-diabetic patients. 

Results Of the study population, 3,624 patients (24%) had diabetes as primary 
renal disease and 1,193 (11%) had diabetes as a co-morbid condition 
whereas the majority had no diabetes (n = 10,602). During follow-up, 7,584 
(49%) patients died. In both groups of diabetic patients mortality was higher 
compared with the non-diabetic patients. Mortality was higher in patients 
with diabetes as primary renal disease than in patients with diabetes as a 
co-morbid condition, adjusted for age, sex, country and malignancy (HR 
1.20, 95% CI 1.10, 1.30). An analysis stratified by dialysis modality yielded 
similar results. 

Conclusions Overall mortality was significantly higher in patients with diabetes as 
primary renal disease compared with those with diabetes as a co-morbid 
condition. This suggests that survival in diabetic patients undergoing 
dialysis is affected by the extent to which diabetes has induced organ 
damage. 
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INTRODUCTION

Diabetes mellitus has become the leading cause of end-stage renal disease (ESRD) 
worldwide.1-4 In Europe, 23% of the patients starting renal replacement therapy (RRT) had 
diabetes as the primary cause of renal disease.5 Survival among dialysis patients with 
diabetes mellitus is inferior to survival of non-diabetic dialysis patients.6-8 Due to the 
complications of diabetes mellitus, patients with diabetic nephropathy have the largest 
number of co-morbid conditions within the ESRD population when compared with non-
diabetic dialysis patients.2

We hypothesized that in patients with diabetic nephropathy, organ damage is not limited to 
the kidney but also might involve other organs resulting in retinopathy, neuropathy and 
cardiovascular complications. Since patients on dialysis with diabetes as a co-morbid 
condition may have less pronounced multisystem involvement, we assumed that patients 
with diabetes mellitus as primary renal disease might have worse survival than patients with 
diabetes as a co-morbid condition on top of another primary renal disease. However, despite 
these theoretical considerations, in a previous study using data from the Netherlands 
Cooperative Study on the Adequacy of Dialysis (NECOSAD), we could not show that 
survival in dialysis patients was different between patients with diabetes as primary renal 
disease and patients with diabetes as a co-morbid condition.9 However, that study was 
performed in a single country and, additionally, the sample size may have been too small to 
detect a survival difference. To gain power, we conducted this new study using a larger, 
international cohort of dialysis patients. 
The primary aim of our present study was to compare the survival of dialysis patients in 
whom diabetes mellitus was the primary renal disease with that of dialysis patients in whom 
diabetes was a co-morbid condition on top of another primary renal disease. Mortality rates 
in these two groups were compared with mortality rates in dialysis patients who did not have 
diabetes mellitus. Furthermore, female patients on peritoneal dialysis (PD) with diabetes as 
primary renal disease have been shown to have impaired survival compared with their male 
counterparts.9-12 Therefore, our second aim was to compare patient survival, stratified by 
sex, age and dialysis modality. 

METHODS

Data collection
The European Renal Association-European Dialysis and Transplant Association (ERA-
EDTA) Registry contains individual data on patients receiving RRT for ESRD. Data 
collection occurs annually via national and/or regional renal registries in Europe and 
includes data on date of birth, sex, primary renal disease, date of first RRT, history of RRT 
(including dates and changes of modality) and date of death. The present analysis included 
only data from registries that were able to provide additional data on co-morbid conditions at 
the start of RRT (Austria, Belgium [French-speaking part], Spain [Catalonia], Greece, 
Norway, Sweden and the UK).13,14 Approval for this study has been obtained from the 
individual registries. All patients of 20 years and older who started dialysis between 1998 
and 2006 and who survived the first 3 months on dialysis were included. For the present 
analysis we chose day 91 as the start of the study because at that time most patients 
needed RRT as a chronic therapy and the choice of treatment modality (haemodialysis [HD] 
or peritoneal dialysis) can be considered to be more definitive. The following co-morbid 
conditions were collected and were coded as being present or absent in the medical history 
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at initiation of dialysis: diabetes mellitus, ischaemic heart disease, peripheral vascular 
disease, cerebrovascular disease and malignancies. If data for all of these five types of co-
morbid conditions were missing, patients were excluded from analyses. No information on 
medication was contained in the database. 

Diabetes mellitus
For the present analysis we categorised the patients as follows: (1) non-diabetic patients, (2) 
patients with diabetic nephropathy as primary renal disease and (3) patients with non-
diabetic origin as primary renal disease but diabetes as a co-morbid condition. This 
distinction relied on the information provided in the database, which was based on the 
physician’s judgement and/or a histological diagnosis. 

Statistical analysis
We used descriptive statistics and performed Student’s t tests and 2 test for direct 
comparisons of continuous and dichotomous outcomes. To estimate patient survival (from 
day 91) we performed Cox regression analyses. We restricted our survival analysis to 5-year 
survival because otherwise the number of patients at risk during follow-up became too small 
(i.e. below 10– 20% of the total study population).15 We calculated crude all-cause mortality 
rates expressed as number of deaths/1,000 patient-years. Crude and adjusted HRs with 
95% CIs were calculated using Cox proportional hazards models. Follow-up time was 
censored at recovery of renal function, kidney transplantation, loss of follow-up and at the 
end of the observation period (31 December 2008), whichever came first. The multivariable 
models used to calculate adjusted HRs included the variables age, sex, country and the 
presence of malignancy. Cerebrovascular and cardiovascular diseases were not included as 
possible confounders in our models as we considered them as potential intermediate 
variables between diabetes and death. However, to facilitate comparison with previous 
studies, we repeated our regression models with adjustment for cerebrovascular and 
cardiovascular disease (i.e. cerebrovascular, peripheral vascular and ischaemic heart 
disease). In addition, because some studies showed higher mortality for patients with type 1 
diabetes compared with patients with type 2 diabetes 4,8 we performed an additional analysis 
in which we differentiated the primary renal disease patients by type 1 and type 2 diabetes. 
The data stratified by type 1 or type 2 diabetes were not available for patients with diabetes 
as a co-morbid condition and therefore we performed this additional analysis only in patients 
with diabetes as primary renal disease. We performed a survival analysis stratified by sex 
and age and another analysis stratified by dialysis modality.16 Furthermore we tested for 
interaction between sex, age and the presence of diabetes and tested whether or not sex or 
age had an additive effect on the presence of diabetes. For all analyses exposure and 
treatment status were used as time-independent variables. Analyses were performed using 
SAS 9.2 (1999–2001; SAS Institute, Cary, NC, USA). 
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RESULTS

Patient characteristics
A total of 15,419 patients, starting dialysis between 1998 and 2006, were included. Of these, 
3,624 (24%) patients had diabetes as primary renal disease and 1,193 (11%) patients had 
diabetes as a co-morbid condition; the majority of patients did not have diabetes (n = 
10,602). Thirty-eight percent of patients were women. Detailed characteristics of included 
patients are shown in Table 1. Patients with diabetes as a co-morbid condition were older at 
baseline (mean age 67.7 ± SD 12.6 years) compared with patients with diabetes as primary 
renal disease (63.0 ± 12.8 years) and patients without diabetes (62.8 ± 15.7 years). PD was 
the dialysis modality in 20% of the non-diabetic patients, in 20% of patients with diabetes as 
primary renal disease and in 16% of patients with diabetes as a co-morbid condition. At 
baseline the prevalence of cerebrovascular and cardiovascular disease did not differ 
between patients with diabetes as primary renal disease and patients with diabetes as a co-
morbid condition. 

Table 1 Baseline characteristics of the study population (n=15,419)
Characteristic No DM 

(n=10,602) 
DM PRD 
(n=3,624)

DM Co-M 
(n=1,193)

p values 

Age, continuous, mean±SD 62.8±15.7 63.0±12.8 67.7±12.6 <0.001 
Age category, n (%)     

<70 years 6,340 (60) 2,400 (66) 580 (49) <0.001 
70 years 4,262 (40) 1,224 (34) 613 (51)  

Men, n (%) 6,615 (62) 2,156 (59) 744 (62) 0.08 
HD at day 91, n (%) 8,521 (80) 2,909 (80) 1,007 (84) <0.001 
PRD, n (%)     

Diabetes  3,624 (100)  <0.001 
Renal vascular disease 2,269 (21)  329 (28)  
Glomerulonephritis 2,052 (19)  189 (16)  
Other 6,278 (59)  675 (57)  

Cerebrovascular disease, n (%)     
No 9,335 (88) 2,860 (79) 938 (77) 0.42 
Yes 1,253 (12) 760 (21) 254 (20)  

Peripheral vascular disease, n (%)     
No 8,670 (82) 2,211 (61) 781 (65) 0.56 
Yes 1,900 (18) 1,406 (39) 410 (34)  

Ischaemic heart disease, n (%)     
No 8,094 (76) 2,219 (61) 684 (57) 0.53 
Yes 2,464 (23) 1,395 (38) 506 (42)  

Malignancy, n (%)     
No 9,329 (88) 3,372 (93) 1,036 (87) <0.001 

 Yes 1,251 (12) 249 (7) 154 (13)  
Country, n (%)b     

Austria 1,962 (60) 1,098 (33) 226 (7) <0.001 
Belgium (French-speaking) 258 (68) 91 (24) 29 (8)  
Spain (Catalonia) 2,269 (72) 655 (21) 214 (7)  
Greece 1,300 (66) 494 (25) 187 (9)  
Norway 748 (78) 125 (13) 88 (9)  
Sweden 1,124 (66) 422 (25) 165 (10)  
UK 2,941 (74) 739 (19) 284 (7)  

       ap values for DM as PRD vs DM as co-morbidity, bPercentages are row percentages 
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Mortality  
During 5 year follow-up, 7,584 (49%) patients of the total group died. Mortality rates per 
patient group are shown in Table 2. Twenty-six percent of patients (n = 2,704) without 
diabetes received a renal transplant compared with 13% (n = 479) of patients with diabetes 
as primary renal disease and 13% (n = 152) of patients with diabetes as a co-morbid 
condition. Other reasons for censoring during follow-up were end of the study period (27%) 
and loss to follow-up (2.4%). Evaluating the loss to follow-up in more detail showed that this 
loss was 2.7% in patients without diabetes, 1.7% in patients with diabetes as primary renal 
disease and 2% in patients with diabetes as a co-morbid condition. 

Table 2: Overall mortality rates
 Overall mortality rate (deaths/1,000 patient-years) 

 NO DM DM PRD DM CO-M
All 151.4 226.9 233.5 
<70 years 89.9 187.3 158.0 
70 years 250.6 316.9 317.0 

Women 148.2 243.8 225.3 
Men 153.5 215.9 238.6 
HD 160.0 231.0 233.2 
PD 118.9 210.7 235.2 

Abbreviations: Co-M, co-morbid condition; DM, diabetes mellitus; PRD, primary renal disease 

Results from the survival analysis are presented in Table 3 and Fig. 1. Mortality in patients 
with diabetes as primary renal disease (HR 1.61, 95% CI 1.53, 1.69) or as a co-morbid 
condition (HR 1.34, 95% CI 1.24, 1.45) was increased compared with that in non-diabetic 
patients. Mortality was higher in patients with diabetes as primary renal disease than in 
patients with diabetes as a co-morbid condition (HR 1.20, 95% CI 1.10, 1.30). Additional 
adjustments for cerebrovascular and cardiovascular events did not materially change these 
results. An additional analysis in which we differentiated the patients with diabetes as 
primary renal disease by type 1 and type 2 diabetes showed a higher mortality in patients 
with type 1 diabetes (HR 1.45, 95% CI 1.30, 1.61). In patients with diabetes as primary renal 
disease, for both type 1 diabetes (HR 2.17, 95% CI 1.97, 2.39) and type 2 diabetes (HR 
1.50, 95% CI 1.42,1.59) mortality was higher compared with non-diabetic patients. 
Furthermore, mortality in patients with type 1 or type 2 diabetes as primary renal disease 
was higher compared with patients with diabetes (type 1 or 2) as a co-morbid condition, with 
HRs of 1.62 (95% CI 1.44, 1.82) and 1.12 (95% CI 1.03, 1.22), respectively. 
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Figure 1: Cox regression five year survival; stratified by the three different patient groups based on 
diabetic status.
Abbreviations: PRD; primary renal disease, Co-M; co-morbid condition 
Model adjusted for age, sex, country and malignancy. 
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Survival analysis stratified by sex and age 
In both women and men mortality was higher in patients with diabetes as primary renal 
disease compared with patients with diabetes as a co-morbid condition (HR 1.25, 95% CI 
1.09, 1.43 and HR 1.17, 95% CI 1.05, 1.30, respectively) (Table 3). No formal interaction 
between sex and diabetes status was found (p = 0.18). 
In patients aged <70 years, mortality was higher in patients with diabetes as primary renal 
disease than in patients with diabetes as a co-morbid condition (HR 1.30, 95% CI 1.13, 
1.48), whereas this effect was smaller in patients aged 70 years (HR 1.08, 95% CI 0.96, 
1.21). The interaction between age and diabetes status was statistically significant (p < 
0.001), meaning that higher age attenuated the effect of diabetes on survival. 

Survival analysis stratified by dialysis modality  
Twenty percent of patients started RRT on PD (n = 3,097). Compared with the reference 
group of PD patients without diabetes, the HR for mortality was 1.95 (95% CI 1.73, 2.20) in 
patients with diabetes as primary renal disease on PD and 1.73 (95% CI 1.58, 1.89) in 
patients with diabetes as primary renal disease on HD. We stratified our analysis by sex and 
age and showed that mortality in women and men, younger (age <70 years) and older (age 
70 years) patients was the highest in patients with diabetes as primary renal disease on PD 

(Fig. 2). When examining the specific group of older female patients (age 70 years) with 
diabetes as primary renal disease in more detail, we found an adjusted HR of 1.41 (95% CI 
1.08, 1.84) for patients receiving PD vs HD. Similar results were found in older female 
patients (age 70 years) with diabetes as a co-morbid condition: HR of 1.40 (95% CI 0.87, 
2.24) for patients receiving PD vs HD. However, for this group the difference did not reach 
statistical significance. Additional adjustment for cerebrovascular and cardiovascular 
disease did not materially influence the study results (data not shown). 
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Figure 2:  Hazard Ratios in HD and PD patients comparing mortality in dialysis patients with diabetes 
as primary renal disease to patients with diabetes as co-morbid condition, stratified for sex and age. 
Abbreviations: HR; Hazard Ratio, CI; Confidence Interval, DM; Diabetes Mellitus, PRD; primary renal 
disease, Co-M; co-morbid condition, HD; Haemodialysis, PD; Peritoneal dialysis. Data were adjusted for 
age, sex, country and malignancy.
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Table 3 HRs comparing mortality in dialysis patients in whom diabetes was the primary renal disease 
with patients in whom diabetes was a co-morbid condition 

Patient group N Crude HR 
 (95% CI) 

Adjusted HR 
 (95% CI)a

Adjusted HR 
(95% CI)b

Overall      
No DM 4,608 1 (reference) 1 (reference) 1 (reference) 
DM PRD 2,236 1.51 (1.43, 1.59) 1.61 (1.53, 1.69) 1.51 (1.43, 1.59) 
DM Co-M 740 1.55 (1.44, 1.68) 1.34 (1.24, 1.45) 1.26 (1.16, 1.36) 
DM PRD vs DM Co-M  0.97 (0.89, 1.05) 1.20 (1.10, 1.30) 1.20 (1.11, 1.31) 

Women     
No DM 1,722 1 (reference) 1 (reference) 1 (reference) 
DM PRD 948 1.66 (1.53, 1.79) 1.66 (1.53, 1.80) 1.52 (1.40, 1.65) 
DM Co-M 274 1.53 (1.35, 1.74) 1.32 (1.16, 1.50) 1.18 (1.04, 1.35) 
DM PRD vs DM Co-M  1.09 (0.95, 1.24) 1.25 (1.09, 1.43) 1.29 (1.12, 1.48) 

Men     
No DM 2,886 1 (reference) 1 (reference) 1 (reference) 
DM PRD 1,288 1.42 (1.33, 1.51) 1.58 (1.48, 1.69) 1.50 (1.40, 1.61) 
DM Co-M 466 1.57 (1.43, 1.73) 1.35 (1.23, 1.49) 1.30 (1.18, 1.43) 
DM PRD vs DM Co-M  0.90 (0.81, 1.00) 1.17 (1.05, 1.30) 1.16 (1.04, 1.29) 

Age <70 years     
No DM 1,687 1 (reference) 1 (reference) 1 (reference) 
DM PRD 1,282 2.10 (1.95, 2.26) 1.96 (1.82, 2.11) 1.78 (1.64, 1.92) 
DM Co-M 263 1.77 (1.55, 2.01) 1.51 (1.32, 1.72) 1.39 (1.22, 1.58) 
DM PRD vs DM Co-M  1.19 (1.04, 1.36) 1.30 (1.13, 1.48) 1.28 (1.12, 1.47) 

Age 70     
 No DM 2,921 1 (reference) 1 (reference) 1 (reference) 
DM PRD 954 1.28 (1.19, 1.37) 1.35 (1.25, 1.46) 1.30 (1.21, 1.41) 
DM Co-M 477 1.28 (1.16, 1.41) 1.25 (1.14, 1.38) 1.19 (1.08, 1.35) 
DM PRD vs DM Co-M  1.00 (0.89, 1.12) 1.08 (0.96, 1.21) 1.09 (0.98, 1.22) 

aModel adjusted for age, sex, country and malignancy, bModel additionally adjusted for cerebrovascular 
and cardiovascular disease 

DISCUSSION

In this large European cohort study in dialysis patients we compared survival between 
patients with diabetes as the primary cause of renal failure to patients with diabetes as a co-
morbid condition. Mortality in patients with diabetes either as primary renal disease or as a 
co-morbid condition was clearly higher than in non-diabetic patients. We showed that overall 
mortality was higher in patients with diabetes as primary renal disease as compared with 
those with diabetes as a co-morbid condition. 
There is no doubt that diabetes contributes to mortality in dialysis patients. However, most 
earlier studies did not take into account the difference between patients with diabetes as 
primary renal disease and diabetes as a co-morbid condition.17-22 In the NECOSAD study, a 
smaller study of Dutch incident dialysis patients (n = 1,853) we did not find a difference in 
mortality between patients with diabetes as primary renal disease and patients with diabetes 
as a co-morbid condition. In this NECOSAD study, 15% (n = 281) of patients had diabetes 
as primary renal disease, 6% had diabetes as a co-morbid condition (n = 107) and the 
remaining 79% did not have diabetes (n = 1,465). Mortality was not higher in patients with 
diabetes as primary renal disease compared with patients with diabetes as a co-morbid 
condition (HR 1.06, 95% CI 0.79, 1.43). Although the analysis in NECOSAD did not show a 
clear effect on mortality, the results from the present study fit in the margins of uncertainty 
from the NECOSAD study (i.e. CIs overlap). This means that the apparent difference in 
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study results might reflect the low power of the NECOSAD study.9

In the present larger cohort study we showed that mortality rates were highest in patients 
with diabetes as primary renal disease. Our results were in line with our initial hypothesis. In 
diabetic ESRD patients organ damage is not limited to the kidney but involves multisystem 
micro- and macrovascular complications, and these complications may be more pronounced 
in patients with diabetes as primary renal disease than in patients with diabetes as a co-
morbid condition. This increased vascular damage may be due to longer diabetes duration 
in patients with diabetes as primary renal disease compared with patients with diabetes as a 
co-morbid condition. Unfortunately in our data set we had no information on duration of 
diabetes. Although no clear differences in the prevalence of vascular co-morbidities between 
diabetes as primary renal disease and diabetes as a co-morbid condition were shown, it 
should be kept in mind that patients with diabetes as primary renal disease were almost 5 
years younger. Several sensitivity analyses were performed to assess the robustness of our 
findings. First, a sensitivity analysis excluding patients with diabetes as a co-morbid 
condition and a primary diagnosis of renal vascular disease yielded similar results. Second, 
a sensitivity analysis excluding patients with a primary diagnosis of glomerulonephritis 
yielded similar results. Finally, a sensitivity analysis excluding patients with malignancy 
showed similar results. The difference in survival between diabetes as primary renal disease 
and diabetes as a co-morbid condition was a consistent finding across sex and age 
categories and initial treatment modality. Since this is a comparison according to disease 
status, this comparison cannot be randomized. Such comparisons are prone to confounding, 
which we tried to deal with by adjustments in a statistical model. We cannot, however, rule 
out that residual confounding is present. Late referral of patients with chronic kidney disease 
to a nephrologist is associated with increased morbidity and mortality.23-25 It has been shown 
that pre-ESRD nephrologist care for more than 12 months is more frequent in patients with 
diabetes as a co-morbid condition than in patients with diabetes as primary renal disease 
(53.5% and 46.4%, respectively).26 It might be that differences in pre-dialysis care 
contributed to a worse survival for patients with diabetes as primary renal disease in our 
study, which emphasizes the need for optimal pre-dialysis care in patients with diabetes as 
primary renal disease. 
Previous studies showed impaired survival for older diabetic women on PD.6,10,11,27,28 In line 
with these studies we also showed higher mortality in women aged 70 years with diabetes 
as primary renal disease who were treated with PD compared with their counterparts on HD. 
A similar, but not statistically significant, trend was found in patients with diabetes as a co-
morbid condition. It could be speculated that in older diabetic female patients with vascular 
complications (e.g. heart failure) the preferred treatment modality is PD, with the aim of 
avoiding haemodynamic instability during dialysis. However, in our study, cardiovascular 
complications, cerebrovascular and peripheral vascular disease, but not ischaemic heart 
disease, at baseline were significantly more prevalent in older female diabetic HD patients 
compared with PD patients. Although adjustment for differences in cardiovascular disease 
did not change the observed difference in mortality between older female HD and PD 
patients, we cannot rule out the possibility that residual confounding is present. 
The major strength of this study is that it is based on a large cohort of incident dialysis 
patients with a differentiation of the subtype of diabetes either as diabetes as primary renal 
disease or as diabetes as a co-morbid condition. Furthermore, this cohort is based on well-
established national and regional registries. Additionally, because it is based on patients 
from various countries, the probability of systematic biases due to selection or healthcare 
systems is reduced. 
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This study has potential limitations. First, the ERA-EDTA Registry does not include data 
such as residual renal function, ethnicity and difference between type 1 and type 2 diabetes 
in patients with diabetes as a co-morbid condition. We performed a sensitivity analysis in 
which we differentiated the patients with primary renal disease by type 1 and type 2 
diabetes, showing that mortality was higher in patients with both type 1 and type 2 diabetes 
in whom diabetes was the primary renal disease compared with those in whom diabetes 
was a co-morbid condition. This suggests that differences in the underlying pattern of 
diabetes (type 1 or type 2) cannot fully account for the difference in mortality found between 
patients with diabetes as primary renal disease and patients with diabetes as a co-morbid 
condition. Moreover, the availability of type of diabetes for the whole cohort would not 
qualitatively have changed our results and conclusion. When comparing the patients with 
type 1 and type 2 diabetes as primary renal disease the highest mortality was found for 
patients with type 1 diabetes, in line with other studies.4,8 Importantly, information on 
glycaemic control was unavailable. The (international) guidelines for treating diabetes do not 
differ for patients with diabetes as primary renal disease and patients with diabetes as a co-
morbid condition, so it is unlikely that glycaemic targets differed between these groups. 
Although glycaemic targets do not differ between these two diabetic patient groups, we 
cannot exclude the possibility that a difference in HbA1c level might exist between patients 
with diabetes as primary renal disease and patients with diabetes as a co-morbid condition, 
and this might translate into differences in mortality.29-34 Increased vascular damage in 
patients with diabetes as primary renal disease might be therefore due to poorer glycaemic 
control compared with patients with diabetes as a co-morbid condition. 
Second, routine renal biopsies were probably not performed in all patients with a clinical 
diagnosis of diabetes and ESRD. Although a histological diagnosis would add to the 
robustness of the study results, a renal biopsy is an invasive procedure with the risk of 
serious complications.35 Biopsies are not routinely performed in clinical practice and the 
distinction between diabetes as primary renal disease and diabetes as a co-morbid condition 
will often be based on the opinion of the physician as is common in clinical practice. In a 
study comparing the clinical versus histological diagnosis of diabetic nephropathy in 84 
Austrian patients with type 2 diabetes mellitus, a high sensitivity and specificity for the 
clinical diagnosis of diabetic nephropathy was shown.36

In conclusion, we showed that mortality in dialysis patients with diabetes either as primary 
renal disease or as a co-morbid condition is higher compared with non-diabetic dialysis 
patients, with the highest mortality in patients with diabetes as primary renal disease. 
Therefore, in studies comparing diabetic patients (as a total group) with non-diabetic 
patients, survival of the patients with diabetes as primary renal disease may be 
overestimated. The difference in survival between patients with diabetes as primary renal 
disease and diabetes as a co-morbid condition was a consistent finding across sex and age 
categories and initial treatment modality. This suggests that survival in diabetes patients with 
ESRD is affected by the extent to which the diabetes has induced organ damage. Future 
studies should elucidate the causal mechanisms underlying this difference in survival as this 
will have relevance to intervention and management of this increasing patient population.
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ABSTRACT
Background An increase in the dialysis programme expenditure is expected in most 

countries given the continued rise in the number of people with end-stage 
renal disease (ESRD) globally. Since chronic peritoneal dialysis (PD) 
therapy is relatively less expensive compared with haemodialysis (HD) and 
because there is no survival difference between PD and HD, identifying 
factors associated with PD use is important. 

Methods Incidence counts for the years 2003–05 were available from 36 countries 
worldwide. We studied associations of population characteristics, 
macroeconomic factors and renal service indicators with the percentage of 
patients on PD at Day 91 after starting dialysis. With linear regression 
models, we obtained relative risks (RRs) with 95% confidence intervals 
(CIs).

Results The median percentage of incident patients on PD was 12% (interquartile 
range: 7–26%). Determinants independently associated with lower 
percentages of patients on PD were as follows: patients with diabetic 
kidney disease (per 5% increase) (RR 0.93; 95% CI 0.89–0.97), health 
expenditure as % gross domestic product (per 1% increase) (RR 0.93; 95% 
CI 0.87–0.98), private-for-profit share of HD facilities (per 1% increase) (RR 
0.996; 95% CI 0.99–1.00; P = 0.04), costs of PD consumables relative to 
staffing (per 0.1 increase) (RR 0.97; 95% CI 0.95–0.99).  

Conclusions The factors associated with a lower percentage of patients on PD include 
higher diabetes prevalence, higher healthcare expenditures, larger share of 
private-for-profit centres and higher costs of PD consumables relative to 
staffing. Whether dialysis modality mix can be influenced by changing 
healthcare organization and funding requires additional studies. 
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INTRODUCTION

Renal replacement therapy (RRT) is an expensive therapy, accounting for approximately 1-
2% of health care spending in high-income countries.1 With the rising incidence and 
prevalence of treated end-stage renal disease (ESRD) expenditure on dialysis will increase 
putting more pressure on dialysis capacity and health budgets.2-4

With the exception of highly co-morbid patients there is no clear survival benefit for either 
haemodialysis (HD) or peritoneal dialysis (PD).5-11 In most countries, PD is a cheaper 
modality than HD, as it has lower overhead costs for buildings, equipment and labour.1;12;13

Studies evaluating potential cost savings from increasing the share of PD have concluded 
that a higher proportion of patients on PD is associated with substantial annual savings and 
an increased dialysis capacity. Therefore, a greater share of patients on PD would allow 
more patients to receive dialysis for the same budget.14-16 So why does HD account for the 
lion’s share of initial dialysis modality in most countries? 
Several investigations have already addressed this question and concluded that the decision 
to start RRT with either HD or PD is influenced (besides medical superiority in some patient 
groups), by patient and physician preference and by macroeconomic factors including 
economic structures at national or centre-level, national wealth, and cost differences 
between the two dialysis modalities.1;17-26 Unfortunately these previous studies have been 
rather descriptive in nature, have focussed on a very small number of countries or have 
relied on crude results only. The current international study aims to identify specific medical 
factors (dialysis population characteristics) and non-medical factors (macroeconomic factors 
and renal service indicators) that, adjusted for known confounders, are associated with the 
country-specific percentage of patients on PD at day 91 after initiating RRT.  

METHODS

Data collection 
This study is part of the EVEREST study (Explaining the Variation in Epidemiology of RRT 
through Expert opinion, Secondary data sources and Trends over time), including 46 of the 
51 national renal registries worldwide known to have reported validated data on RRT.27 The 
EVEREST study started in 2008, aiming to investigate the detailed interplay between 
economic characteristics of countries and their incidence of RRT, dialysis modality mix, and 
mortality on dialysis.28;29 For this analysis focusing on dialysis modality mix we use country-
level data from n=36 renal registries that were able to provide incidence counts stratified by 
modality type over the time period 2003-2005 (Africa (Tunisia), Asia (Israel, Japan, 
Malaysia, The Republic of Korea, Taiwan, Thailand, Turkey), Australasia (Australia and New 
Zealand), Europe (Austria, Belgium, Bosnia-Herzegovina, Croatia, Czech Republic, 
Denmark, Finland, France, FYR of Macedonia, Germany, Greece, Iceland, Italy, 
Luxembourg, Netherlands, Norway, Romania, Slovenia, Spain, Sweden, and United 
Kingdom), North America (Canada and The United States of America) and South America 
(Chile, Uruguay, and Venezuela). Macroeconomic indicators were collected from the OECD 
and WHO, a description of the variable and the source is included in Box 1. The renal 
service organization indicators were collected using a survey among experts in renal 
services. All these variables concerned the period 2003-2005. A more extensive description 
of this study is presented elsewhere.27
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Box 1: Description and source of the macroeconomic factors. 

1 http://www.hdr.undp.org; 2 http://www.imf.org/external/pubs/ft/weo/2008/01/weodata/index.aspx;  
3 http://data.euro.who.int/hfadb/; 4 http://stats.oecd.org/Index.aspx;  
5 http://apps.who.int/gho/indicatorregistry/App_Main/view_indicator.aspx?iid=3104;  
6  http://datatopics.worldbank.org/hnp/topic/health-financing; 7  
http://www.who.int/whr/2000/en/whr00_en.pdf; 

Modality mix as outcome measure 
The outcome measure representing dialysis modality mix was the percentage of dialysis 
patients on PD at day 91 after the initiation of RRT. This day was chosen for the assessment 
of the dialysis modality of choice as some patients receive HD for a short period, while 
preparations are made for PD. For the Republic of Korea day 30 was used due to the 
unavailability of day 91 data.  

Potential determinants of modality mix 
The selection of potential determinants of modality mix and the development of a theoretical 
framework for defining our prior rationales (Figure 1) was based on a review of literature. We 
hypothesized that the macroeconomic factors indirectly influenced the proportion of PD 
patients either by influencing RRT incidence or by influencing the renal service organisation. 
Our prior hypotheses for the determinants are stated in Table 2.  

Macroeconomic 
factor 

Description Source

Human development 
index

The United Nations Development 
Programme Human Development 
Index (HDI) combines indicators of 
life expectancy, education and 
income to create a validated 
composite score of a nations state of 
development.

The Human Development Report 
team (HDRO). Human Development 
Indicators per country.1

GDP per capita Gross Domestic Product per capita 
is a measure of national wealth. 
Data have been collected in US 
Dollars.

International Monetary Fund (IMF): 
World Economic Outlook Database, 
April 2008.2

Health expenditure as 
% GDP 

Percentage of gross domestic 
product (i.e. national wealth) spent 
on health care. 

WHO HFA database for EU 
countries.3  OECD Health Database 
for OECD countries.4 WHOSIS 
database for non-EU and non-
OECD countries.5

Public share of health 
care expenditure 

Public expenditure as a percentage 
of total expenditure on health care. 

WHO HFA database for EU 
countries.3 OECD Health Database 
for OECD countries.4 World Bank 
HNP Stats for remaining countries.6

Responsiveness
Index

This is a composite indicator of 
health care system performance 
developed by the WHO, with 
elements capturing respect for 
dignity, confidentiality, autonomy, 
prompt attention, quality of 
amenities, access to social support 
networks and choice of provider.   

WHO: The World Health Report 
2000—Health Systems: Improving 
performance. Geneva, Switzerland: 
World Health Organisation; 20007
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Macroeconomics1

Renal service 
organisation2

Regulatory 
constraint

Characteristics of 
incident 

RRT population3

Modality mix 

Incidence of 
ESRD

Gen pop health 

Figure 1: Theoretical framework and the classification of the determinants. 

Determinants included in the models; 1: GDP per capita, Health expenditure as % GDP, Public share of 
health care expenditure 2: The private-for-profit share of HD-facilities, Number of dialysis centers per 
million population, Cost of PD consumables relative to staffing, Reimbursement rate for HD relative to 
PD 3: Percentage of dialysis population aged 65+ years, Percentage diabetes as primary renal disease 

Statistical analyses
First we obtained descriptive statistics for all countries and calculated medians and 
interquartile ranges (IQR) for continuous determinants or the percentages for categorical 
variables. Thereafter, with linear regression analyses we studied associations between the 
potential determinants (i.e. patient characteristics, macroeconomic factors and renal service 
indicators) and the percentage of incident patients on PD. Since this outcome measure can 
only take positive values and our data were skewed (with several countries having a very 
low percentage of PD patients [Figure 2]), we log-transformed this measure. After log-
transformation, all criteria for linear regression analysis were met. Estimated regression 
coefficients were subsequently converted back to the original scale and could be interpreted 
as relative risks. 
To evaluate the independence of each association we constructed multivariable linear 
regression models for each determinant adjusting for variables that satisfied the criteria for 
confounding.30 With a number of 36 observations we were able to include a maximum of 
four covariates in each model, i.e. the determinant and the three strongest confounders.31

We assessed the strength of each confounder by calculating the subsequent change of the 
estimated coefficient of the determinant after including the confounder in the model. 
Covariates that caused less than 10% change of the coefficient of the determinant were not 
considered as potential confounders. We also excluded confounders that were collinear with 
the determinant as assessed after examining the tolerance and Variance Inflation Factor.32

Analyses were performed using SPSS version 16.0 (SPSS Inc., Chicago, Illinois, USA). P-
values <0.05 were considered statistically significant. 

Sensitivity analyses 
As a sensitivity analysis we excluded FYR of Macedonia and Luxembourg as they had very 
low percentages of PD patients. Since effects could differ according to the state of economic 
and social development, models were also analyzed separately for high and low human 
development index (HDI) countries, i.e. above or below the calculated median HDI. Also, we 
repeated analyses for patients below and above 65 years of age. Finally, we adjusted 
models for the percentage of diabetes as primary renal disease and transplant availability by 
including these as additional confounders in the original models. This was considered 
worthwhile on the grounds that countries with a high transplantation rate may be more likely 
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to start patients on PD (because they know the patient is likely to be transplanted before the 
technique becomes less effective). Transplant availability was defined as the total number of 
kidney transplants performed in 2004, divided by the number of prevalent dialysis patients 
(data from 23 countries).

RESULTS

Baseline country characteristics 
The median percentage of incident patients on PD at day 91 after the initiation of RRT was 
12% (IQR 7-26%), with values ranging from 0% for Luxembourg and 2% for FYR Macedonia 
to 49% in New-Zealand (Figure 2). The baseline characteristics of our study population are 
presented in Table 1, for all countries combined and by quartiles of % PD use, while 
complete data per country are shown in Supplementary Table 1. Large differences in gross 
domestic product (GDP) per capita were found between countries, ranging from less than 
2,600 USD in Thailand, Bosnia-Herzegovina, and FYR of Macedonia to more than 45,000 
USD in Iceland, Norway and Luxembourg (Table 1). The private-for-profit share of HD-
facilities was 0% in ten countries, while it was higher than 75% in five (Supplementary Table 
1).

DETERMINANTS OF MODALITY CHOICE 
Theoretical framework 
We developed a theoretical framework (Figure 1) to select the potential determinants of 
interest out of all incident patient characteristics, macroeconomic factors, and the renal 
service indicators and for defining our prior rationales (Table 2). 

Incident patient characteristics 
The results of the linear regression analyses are presented in Table 3. In the crude analyses 
none of the incident patient characteristics were associated with the percentage of patients 
on PD at day 91. After adjustment for Responsiveness Index, relative costs of PD 
consumables as % GDP per capita, and costs of PD consumables relative to staffing, we 
found that diabetes is relevant for predicting the PD share: each 5% increase in the 
percentage of RRT patients with diabetic nephropathy was significantly associated with a 
7% decrease of the percentage of patients on PD at day 91 (RR 0.93; 95% CI 0.89 to 0.97; 
p=0.001).

Macroeconomic factors 
Only GDP per capita was associated with the percentage of patients starting on PD in the 
crude analyses: for each 1000 USD increase in GDP per capita the percentage of patients 
starting on PD increased by 1%. However, the impact of GDP per capita is complex: the 
above association lost its significance after adjusting for the private-for-profit share of HD-
facilities, relative costs of PD consumables, and relative staffing costs of a senior nurse. 
Multivariable analyses revealed at the same time an independent relationship between the 
% of GDP per capita spent on healthcare and PD use: each 1% increase was associated 
with a 7% lower percentage of patients starting on PD (RR 0.93; 95% CI 0.87 to 0.98; 
p=0.013).
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Renal service indicators 
In crude analyses, three determinants were associated with a lower percentage of patients 
starting on PD: the private-for-profit share of HD facilities, the costs of PD consumables 
relative to staffing, and the number of HD centers per million population (pmp). The private-
for-profit share of HD facilities and the costs of PD consumables relative to staffing remained 
statistically significant in the multivariable analyses. For the private-for-profit share of HD 
facilities, each 1% increase was associated with a 0.4 % decrease in PD use (RR 0.996: 
95% CI 0.99 to 1.00, p=0.04). After adjusting for HDI and GDP per capita, every 0.1 
increase in the costs of PD consumables relative to staffing resulted in a 3% decrease in the 
percentage of patients on PD at day 91, (RR 0.97; 95% CI 0.95 to 0.99; p=0.015).  
 
Explained variance 
There were four determinants for which we found independent associations with the 
percentage of patients on PD: the percentage of incident patients with diabetes as primary 
renal disease, the percentage of GDP per capita spent on health care, the private-for-profit 
share of HD facilities, and the costs of PD consumables relative to staffing. Together they 
explained 69% of the variance in PD use across countries.  
 
SENSITIVITY ANALYSES 
After excluding those countries with a very low PD use (i.e. FYR of Macedonia and 
Luxembourg) from the analyses the results remained similar. Nor did the results differ after 
examining the low and high HDI countries separately, examining the European and non-
European countries separately or after adjusting the original models for transplant 
availability and the percentage of diabetes as primary renal disease.  
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Figure 2: Distribution of the percentage of dialysis patients starting on PD at day 91 
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Table 2: A priori hypotheses for the models included in the study.
Determinant A priori hypothesis 
INCIDENT PATIENTS CHARACTERISTICS

Percentage of dialysis population aged 
65+ years 

Increasing age is associated with lower rates of PD use in some 
countries59;60 and higher rates in others.53 As more countries tend 
to provide HD to their elderly patients, we hypothesized that the 
percentage of PD patients will be lower when the percentage of 
patients above 65 is higher. 

Percentage diabetes as primary renal 
disease 

Patients with diabetes mellitus have worse survival on PD as 
compared to HD so percentage of PD patients is hypothesized to 
decrease with a larger share of patients with diabetes mellitus. In 
addition, DM may be considered as a surrogate for co-morbidity? 

MACROECONOMIC INDICATORS

GDP per capita 

Patients in richer countries may have better education systems, 
housing and medical supplies to enable HD. GDP per capita has 
been shown to be associated with rate of diffusion of medical 
technologies, including haemodialysis.46

Health expenditure as % GDP 

Countries spending a smaller proportion of GDP on healthcare 
are likely to have more control over introduction and expansion of 
new and expensive technologies.61 Increasing healthcare 
expenditure may then result in less control over expansion of HD-
facilities and less patients may be treated with PD. 

Public share of health care expenditure 

The proportion of total health care spending that is public (i.e. 
from taxes or compulsory social insurance) has been suggested 
to be a proxy for the level of regulatory constraint on adopting 
and expanding new medical technologies. Countries where the 
public sector purchases most medical goods may more easily 
implement cost-control strategies Constraint on expansion of HD-
facilities may have increased the rate of PD use. 46

RENAL SERVICE INDICATORS

The private-for-profit share of HD-facilities 
PD utilization is lower in private-for profit centers. With a higher 
share of private-for-profit centers, a lower percentage of PD 
patients can be expected.42;62

Number of dialysis centers per million 
population 

In systems with more freedom to set up new services there will be 
more HD capacity with an economic need to maximise the use of 
that capacity rather than promote PD.1

Cost of PD consumables relative to 
staffing* 
(per patient per year as proportion of 
senior nurse annual salary) 

Countries in which imported dialysis consumables are relatively 
more expensive than staffing costs (e.g. eastern Europe) will 
have lower rates of PD utilization.45

Reimbursement rate for HD relative to 
PD#

PD is less expensive to provide than HD in developed countries 
(see H).If the difference in reimbursement for HD and PD is 
larger, than providing HD is more preferable than providing PD.45

Abbreviations: RRT renal replacement therapy; GDP gross domestic product; HD haemodialysis; PD peritoneal 
dialysis.
* PD consumables for one patient for one year, i.e. the amount a dialysis facility pays a pharmaceutical company, NOT 
what the dialysis facility is reimbursed for PD. Consumable costs should include dialysate fluid and lines but exclude 
drugs, staff costs, transport and overhead costs of running a hospital. 
# The amount given should exclude reimbursement for transport to and from dialysis, medication (erythropoeisis 
stimulating agents and bone/ phosphate medication), vascular access. The amount should include any reimbursement 
of the nephrologist even if this occurs separately (i.e. direct to the nephrologist)
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Table 3: Results of the univariable and multivariable analyses with proportion of dialysis patients 
on PD as the outcome variable 

Abbreviations: CI confidence interval; GDP gross domestic product; USD United States Dollar; HD 
haemodialysis; PD peritoneal dialysis. 
Only three strongest confounders were included in the models; other confounders were a 7, b 5, c 7&9. 
Potential Confounders: 1) HDI 2) GDP per capita 3) Private for profit share of HD-facilities 4) 
Responsiveness Index 5) Number of dialysis centers 6) Relative costs of PD consumables (per patient 
per year as a proportion of GDP per capita) 7) Relative staffing costs of senior nurse 8) Salary of 
salaried nephrologist (per year as a proportion of GDP per capita) 9) Cost of PD consumables relative 
to staffing (per patient per year as proportion of senior nurse annual salary) 

Univariable model  Multivariable model 
Variable of interest Relative Risk

(95% CI) 
P-value Adjust-

ments
Relative Risk 
(95% CI) 

P-value

 INCIDENT PATIENT 
CHARACTERISTICS

     

Percentage of dialysis population 
aged 65+ (per 1% )

1.00 (0.99-1.01) 0.663 4,5,9 a 1.00 (0.99-1.01) 0.880 

Percentage diabetes as primary 
renal disease (per 5% )

0.98 (0.93-1.03) 0.407 4,6,9 b 0.93 (0.89-0.97) 0.001 

MACROECONOMIC INDICATORS      

GDP per capita (per 1000 USD ) 1.01 (1.01-1.02) 0.001 3,6,7 1.00 (1.00-1.01) 0.702 

Health expenditure as % GDP 
(per 1% )

1.02 (0.97-1.08) 0.456 1,2,4 c 0.93 (0.87-0.98) 0.013 

Public share of health care 
expenditure (per 1% )

1.00 (1.00-1.01) 0.223 1,2,3 1.00 (0.99-1.00) 0.378 

RENAL SERVICE INDICATORS      

The private-for-profit share of HD-
facilities (per 1% )

0.99 (0.99-1.00) 0.004 1,2 0.996 (0.99-
1.00)

0.040

Number of dialysis centers per 
million population (per 1.0 )

0.98 (0.96-0.99) 0.012 3 0.98 (0.97-1.00) 0.100 

Cost of PD consumables relative 
to staffing (per 0.1 ) (per patient 
per year as proportion of senior 
nurse annual salary) 

0.96 (0.94-0.98) 0.000 1,2 0.97 (0.95-0.99) 0.015 

Reimbursement rate for HD relative to PD      
   Reimbursement PD  HD
   (reference) 

1    1  

   Reimbursement PD > HD 0.81 (0.64-1.02) 0.067 2 0.86 (0.70-1.06) 0.144 
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DISCUSSION

In this study examining 36 countries worldwide, we were able for the first time to study 
independent associations between PD use and incident dialysis characteristics, 
macroeconomic factors and renal service indicators. We showed that a higher percentage of 
incident patients with diabetes as primary renal disease, a higher percentage of GDP per 
capita spent on health care, a higher share of private-for-profit centers, and higher costs of 
PD consumables relative to staffing were independently associated with a lower percentage 
of patients starting on PD.  
We found an association between the percentage of patients with diabetic nephropathy and 
the percentage of patients on PD. Most studies reported poorer outcomes on PD as 
compared to HD for patients with diabetic kidney disease.33-36 The presence of a negative 
association between the percentage of incident patients with diabetic kidney disease and 
percentage receiving PD on day 91 therefore may reflect clinical practices aimed at avoiding 
PD in patients with diabetic nephropathy. Alternatively, diabetic kidney disease may act as a 
surrogate for other comorbidities.37;38. However, a study by Mehrotra et al. reported 
decreased PD use in the United States from 11% in 1996-1997 to 7% in 2002-2003. This 
decline was independent of age, comorbidity burden and body size of the incident dialysis 
population. Adjusting for case-mix and laboratory data did not change their results, 39

suggesting that other factors like macroeconomic factors and renal service indicators may 
influence the incidence of PD.  
There are two possible explanations for the association between high healthcare 
expenditure as percentage of GDP per capita and the lower percentage of patients on PD. 
As shown in the theoretical framework (Figure 1), one possible pathway involves regulatory 
constraints. As an example of such constraints, countries spending more on healthcare may 
have fewer restrictions on adopting expensive technologies like HD, whereas when capital 
investment restrictions limit the expansion of in-centre HD infrastructure, home-based 
therapies like PD and home-HD are promoted.1 Another possible explanation is that 
differences in access to treatment may be responsible for the influence of macroeconomic 
factors through the incidence of RRT (Figure 1). Previously we showed that countries 
spending more on healthcare have higher ESRD treatment rates28; these higher take-on 
rates are likely to indicate that treatment is being offered to older, frailer, more co-morbid 
patients who will be less suitable for PD.37;38 Additionally, physician preference may affect 
the proportion of patients on HD or PD 40. We found an independent association between 
private-for-profit share of HD facilities and dialysis modality. This may be a direct influence 
of the renal service indicator on dialysis modality mix or it may be that it is acting through the 
characteristics of the dialysis patients.(Figure 1) As suggested by Castledine et al, in a for-
profit facility the need to fill spaces can be considered as main factor against PD use.41

Additionally, several studies have shown that after adjusting for several patient 
characteristics the percentage of patients on PD is lower in private-for-profit dialysis centers 
than in not–for-profit centers.21;42-44

We also found that an increase in the costs of PD consumables relative to staffing costs of a 
senior nurse resulted in a decreased percentage of patients starting on PD. This link has 
long been recognized and reflects the relative importance of staffing and consumables to the 
cost of providing HD and PD, particularly as PD consumables were for many years almost 
exclusively manufactured in high income countries.1;12;13;45

For two determinants we found a statistically significant association in the crude analyses 
that did not reach significance in the multivariable analyses: GDP per capita and the number 
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of dialysis centers pmp. This stresses the importance of adjusting for country-specific factors 
like macroeconomic factors and renal service indicators and further exploring the working 
mechanisms of suggested associations. Our prior rationale for including GDP per capita in 
the analyses was that patients in richer countries may have better transport infrastructure, 
readier access to medical supplies to enable HD and a higher diffusion rate of HD.46 After 
adjusting for the private-for-profit share of HD-facilities and either the relative costs of PD 
consumables or the relative staffing costs of a senior nurse, our results did not support this 
hypothesis. As several studies suggested, other factors like patient preference, pre-dialysis 
educational deficits (i.e. if not all modalities are explained sufficiently to the patients), 
physician preference, and HD-capacity, may prevail above the social/housing situation of the 
patient.24;47 Considering the number of HD facilities pmp in a country, our prior hypothesis 
had been that a high number of HD centers may reflect less control by the health 
department or government on the expansion of HD facilities (and thus improved access to 
HD) leading to a lower percentage of patients treated with PD.1 This association may be 
absent because other factors are prevailing such as the existing dialysis capacity, the 
attitudes of physicians towards PD1;40 or, as shown in this analysis, the private-for-profit 
share of HD facilities.
In contrast to the conclusions of a narrative review,23 our comparison at a country level 
showed no association between the total reimbursement rate for HD relative to PD and the 
percentage of patients on PD. It may be that there is only an association between 
reimbursement and dialysis modality when reimbursement directly affects the income of 
those most involved in decision-making, i.e. the nephrologists, but this is often not the 
case.48;49 In addition, reimbursements may not be a major determinant of dialysis modality 
distribution. This is supported by the findings of Mendelssohn, who reported no major shift in 
modality distribution when home dialysis fees were raised by the Ontario government in 
1998.50 Nevertheless, this may be different in countries with a large proportion of private-for-
profit centers where financial incentives may be effective in influencing the dialysis modality 
distribution.
When examining the crude data for countries with high rates of PD use as shown in the 
Supplementary Table, we expected that determinants with significant positive associations 
would have higher values in the countries with lower PD use and vice versa. This did not 
turn out to be the case for all countries or all statistically significant determinants. We 
therefore speculate that each country may have its own prevailing factors that overrule all 
other factors. First of all, the two dialysis modalities may not be available and affordable, at 
least in part as a result of specific policies of the government 51. Such policies were not 
captured by our survey. For example, in some countries elderly and frailer patients are 
provided with assisted PD, whereas in many other countries HD would be the preferred 
dialysis treatment for these patients. In the presence of such policies nephrologists may 
apply different patient selection criteria because of the specific benefits and drawbacks of 
this type of PD.52;53 Another relevant factor may be the (dialysis) population density. If 
population density is extremely low, patients live far from each other as well as from the 
centers, which makes it likely that the preferred dialysis modality will be PD; this has been 
shown by O’Hare et al. Although they found that centers in small remote rural areas were 
least likely to support PD and other home based treatments, small remote rural areas 
appeared to have higher percentages of PD use on day 90 as compared to urban areas, i.e. 
17% versus 11%.54 As there is no consensus on the definition of an urban area - each 
country has its own definition - we could not use this measure for our analysis. In addition to 
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the examples mentioned above, there may be other determinants that explain why the 
independently associated factors will not always follow the expected pattern in all countries.  

This study has a number of strengths. For the first time, we were able to study independent 
associations between PD use and incident dialysis characteristics, macroeconomic factors 
and renal service indicators including all countries worldwide that had validated registry and 
macroeconomic data. The sensitivity analyses suggest that our findings are quite robust. 
However, when interpreting the results of this study several limitations should be kept in 
mind. Information on several factors potentially associated with dialysis modality selection 
was lacking, among others educational deficits, physician bias, social mores and cultural 
habits and urbanization.24 Moreover, we were not able to include extensive data on medical 
characteristics of the incident dialysis population other than the proportion of patients with 
diabetes mellitus as primary renal disease and the proportion of patients aged 65 years and 
above. Nevertheless, the explained variance of the four factors with statistically significant 
results in multivariable models was high at 69%. The percentage of patients with diabetes as 
primary renal disease was only available for the RRT instead of the dialysis population. We 
considered this a good approximation for the incident dialysis population as in most 
countries the pre-emptive transplantation rate is very low.55 As only countries with renal 
registries and modality mix data could be included in analyses, results may not be 
generalizable to all countries, particularly developing countries. Although with the countries 
as included in our study we had a high geographical coverage, the absence of some 
expected associations may reflect the heterogeneity of our group of countries (n=36). 
Further, as each country could only contribute a single observation for each of the variables, 
it is important to recognize the risk of both type 2 error and ecological fallacy as we can not 
be certain that the associations we found at the population level also apply at the individual 
patient level. Finally, our data concerned the period 2003-2005 while some countries may 
have experienced changes in health policy, or other factors may have affected modality mix 
since the period of study. For example, Jain et al showed that PD use from 1997 to 2008 
declined by 5.3% in developed countries but did not change in developing countries.56

Additionally, recent initiatives in the United States and the UK have set out to improve the 
utilization of home dialysis (including PD) through a number of incentives, some of which are 
financial.57;58.

In conclusion, a higher proportion of patients with diabetes mellitus as primary renal disease, 
increased health care expenditure as a percentage of GDP per capita, higher private-for-
profit share of HD-facilities and higher costs of PD consumables relative to staffing costs 
were all associated with a lower percentage of patients on PD at day 91. While each country 
has its own prevailing factors influencing PD use, knowledge of the determinants of the 
percentage of patients on PD may be helpful in scenarios where the dialysis capacity needs 
to be expanded. Although the characteristics of the incident dialysis populations are clearly 
not modifiable without restricting access to treatment, the role of the three “non-medical” 
factors suggests that it may be possible to influence dialysis modality choice through 
healthcare organisation and funding.
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ABSTRACT
Background Previous analyses have suggested similar patient survival for peritoneal 

dialysis (PD) and haemodialysis (HD). Still, PD use has decreased in 
many European countries, the US and Canada. We aimed to study trends 
in dialysis modality specific patient survival in Europe, and relate these to 
changes in dialysis modality use, transplant rates and technique survival 

Methods We used data from 12 renal registries that contributed data to the ERA-
EDTA Registry since 1992. With Cox regression we calculated hazard 
ratios (HRs) for 5-year patient survival for patients starting dialysis 
between 1992 and 2006 on PD versus HD from day 91 after dialysis 
initiation. The cumulative incidence competing risks method was used to 
explore transplantation activity and technique survival over time. Trends 
in the incidence and prevalence for PD, HD and transplantation on day 91 
after initiation of RRT were quantified using Joinpoint regression.  

Results Five-year patient survival was better in patients who started dialysis 
between 2002-2006 when compared to 1992-1996 both for PD (adjusted 
HR: 0.64, 95% confidence interval [CI]: 0.61-0.67) and HD patients (0.82, 
95%CI: 0.80-0.84). Patient survival on PD relative to HD improved from 
1992-1996 (1.03, 95%CI: 0.98-1.07) to 2002-2006 (0.93, 95%CI 0.90-
0.96). Technique survival improved in this time period for PD (0.94, 
95%CI: 0.90-0.99) and remained stable for HD (0.94, 95%CI: 0.87-1.01). 
Since 2004, the incidence of patients living on a functioning graft on day 
91 increased, whereas the PD incidence decreased as of 2000 and HD 
incidence from 2009.  

Conclusions In Europe, survival of patients starting on PD has increased more than 
that of patients starting on HD. In the perspective of further improved PD 
patient and technique survival, PD should not be abandoned as a first 
dialysis modality choice. 
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INTRODUCTION

Although, with exception of some patient subgroups, survival benefits for haemodialysis 
(HD) have not been demonstrated, recent studies have reported a decrease in the 
percentage of peritoneal dialysis (PD) use.1-7 Jain et al. presented data on the global PD 
utilization over a 12-year period (1997-2008). They showed that PD prevalence in developed 
countries had increased from 69.7 to 91.5 per million population (pmp), which was 
equivalent to a 5.3% decrease in the proportion of PD patients -from 20.6% to 15.3%- in the 
dialysis population as a whole.1

A decreased PD use was also reported from the Netherlands where 15% of all patients 
received PD in 1995 compared to 8% in 2010. The larger percentage of HD utilization 
following an increase of incident patients of 65 years and older was pointed out as main 
reason for the declined PD use. Additionally, a part of this decrease was attributed to an 
increase in preemptive transplants.8  Mehrotra et al. explored the decline in PD utilization in 
the USA. They found that the decrease in PD use could not be attributed to changes over 
time in dialysis population characteristics such as an increased age and body mass index 
(BMI) or to a larger share of patients with hypertension and ischaemic heart disease. 
Moreover, they showed that the survival of PD patients had improved, whereas survival 
outcomes for HD patients did not materially change during the study period (1996-2003).3

With the current study we aimed to assess recent trends in dialysis modality specific patient 
survival in relation to contemporary changes in first dialysis modality choice in Europe. 
Furthermore, we aimed to explain the trends in incidence, prevalence and patient survival by 
putting them in the context of technique survival and (pre-emptive and non pre-emptive) 
transplant rates. 

METHODS

Study population 
For this study we used individual patient data from the European Renal Association-
European Dialysis and Transplant Association (ERA-EDTA) Registry. These data are yearly 
collected via national and/or regional renal registries in Europe and include date of birth, 
sex, primary renal disease (PRD), start date and type of treatment, treatment modality 
changes, and date and cause of death. Data from 12 registries that had contributed 
complete data to the ERA-EDTA Registry since 1992 were used for this study. These 
included the national registries of Austria, Denmark, Finland, Greece, Iceland, The 
Netherlands, Norway, and Sweden, and regional registries of Belgium (French-speaking 
part), Andalusia (Spain), Catalonia (Spain), and Scotland (United Kingdom). The analyses 
were restricted to adult patients of 20 years and older at the start of renal replacement 
therapy (RRT) in the period 1992-2011 who survived the first three months on RRT. The 
treatment modality at day 91 after start of RRT was considered as initial modality.  

Statistical analysis 
Descriptive statistics were used to calculate means with standard deviation (SD), medians 
with inter quartile range (IQR; 25%-75% of observations) and percentages to describe the 
study population by incidence year. Using the Cochran-Armitage test for trends we studied 
changes in dialysis population characteristics, including age, sex and PRD distribution, over 
the 20-year study period.  
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We examined trends in 5-year patient survival from day 91 for patients starting on PD versus 
those starting on HD in three patient cohorts as classified by incidence year (1992-1996, 
1997-2001, and 2002-2006). Stratified Hazard Ratios (HRs) with 95% confidence intervals 
(CI) were calculated for the cohorts using Cox proportional-hazards regression. Where the 
proportional-hazards assumption did not hold, we used an extended Cox model which 
allowed us to specify time-dependent covariates, so that HRs could be calculated separately 
for the time periods before and after the survival curves crossed. Additionally, we calculated 
HRs by age group and diabetic status to examine the 5-year patient survival for PD as 
compared to HD for patients in these three cohorts. Survival analyses were based on an 
intention-to-treat approach whereby patients were classified based on their initial dialysis 
modality and transfers to other modalities were not taken into account. Follow-up time was 
censored at recovery of renal function, kidney transplantation, loss of follow-up or at five 
years follow-up, whichever came first. Multivariable Cox models included the variables age, 
sex, PRD, and country. 
Subsequently we examined for each mode of RRT the trends in incidence and prevalence 
per million population (pmp), PD technique survival and (preemptive) transplant rates. The 
incidence on day 91 was defined as the number of all new patients who had survived the 
first three months of RRT and were receiving PD or HD or were living on a functioning graft 
on that day. The prevalence was defined as the number of patients receiving PD or HD or 
were living on a functioning graft on 31 December of a given year. The age and sex 
distribution of the European standard population (EU27)  in 2005 was used to adjust 
incidence rates and prevalence by applying the weights of this reference population to the 
observed rate per sex and age group. This weighted average provides a single summary 
rate that would be expected if the study population had the age and sex distribution of the 
standard population and allows comparison over time. The trends in the incidence and 
prevalence were analysed using Joinpoint regression analysis.9 This method is based on the 
Poisson distribution and identifies at what moment in time there is a change – a so called 
‘joinpoint’- in trend. Changes in the slopes of these trends were calculated as annual 
percentage change (APC) including a 95% CI for each segment.9

We additionally studied the trends in PD and HD technique survival over time. PD technique 
failure was defined as a transfer from PD to HD within the first five years after day 91 on PD, 
whereas HD technique failure concerned transfers from HD to PD. Other events of interest 
were transplantation and patient death on the initial dialysis modality. To account for these 
competing events we used the Cumulative Incidence Competing Risks (CICR) method.10

Multivariable models including age, sex, PRD and country were subsequently built to 
calculate adjusted cause-specific HRs for technique failure. In a secondary analysis we 
assessed how PD patient and technique failure developed in patients who started dialysis 
after 2006. To this end we calculated adjusted HRs for 2-year patient survival for PD relative 
to HD and for 2-year PD technique failure comparing the cohort of patients starting dialysis 
in the years 2005-2006 with that of those starting in 2007-2008. 
Finally, we examined whether patient selection for PD treatment changed over time. For this 
purpose we compared the proportion of PD on day 91 for dialysis patients with a specific 
PRD; diabetes mellitus, hypertension/renal vascular disease, glomerulonephritis, and adult 
dominant polycystic kidney disease (ADPKD) in 1992-1996, 1997-2001, 2002-2006 and 
2007-2011.  
Subgroup analyses were performed for patients younger than 65 years and for those of 65 
years and older, as well as for patients with diabetes mellitus versus other diseases as PRD.  
All analyses were performed in SAS 9.2 software, with exception of Joinpoint regression
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which used Joinpoint regression software version 4.0.4.9 P-values of <0.05 were considered 
statistically significant. 

Table 1: Baseline characteristics of patients who started dialysis in cohorts between 1992 and 2011. 

1992-1996 1997-2001 2002-2006 2007-2011 
p for
trend

PD      
Incident patients n (pmp) 7382 (18.5) 8606 (21.1) 8861 (21.2) 8959 (20.6)
Age years,  mean ± s.d. 56.0 ± 14.8 57.8 ± 15.0 59.3 ± 15.1 61.3 ± 15.2  
Age 65+ years, % 32.3 37.3 40.4 45.4 <0.001 
Sex, % males 60.5 62.6 61.8 65.0 <0.001 
Primary renal disease % 

DM 24.7 25.0 26.0 23.9 0.48 
Hypertension/RVD 13.6 15.8 18.0 19.4 <0.001 
Glomerulonephritis 20.0 17.4 16.5 16.1 <0.001 
Other 41.2 40.5 38.9 39.3 0.002 

HD
Incident patients n (pmp) 24689 (61.8) 32813 (80.6) 39642 (94.6) 41742 (96.0)
Age years,  mean ± s.d. 60.5 ± 14.8 63.2 ± 14.5 65.4 ± 14.3 66.6 ± 14.3  
Age 65+ years, % 46.2 53.7 59.3 61.4 <0.001 
Sex, % males 60.2 60.8 62.2 63.4 <0.001 
Primary renal disease % 

DM 18.1 21.9 24.8 25.5 <0.001 
Hypertension/RVD 14.6 16.8 18.8 19.8 <0.001 
Glomerulonephritis 17.2 13.9 11.4 9.8 <0.001 
Other 49.5 46.9 44.7 44.1 <0.001 

Abbreviations: s.d. standard deviation, DM diabetes mellitus, RVD renal vascular disease, HD 
haemodialysis, PD peritoneal dialysis. p-values for trend comparisons over the 5 periods. 

RESULTS

Study population 
The baseline characteristics over the 20-year period are presented in Table 1. During the 
study period, the absolute numbers of both PD and HD patients increased. In the first cohort 
(1992-1996) 23% of the dialysis patients received PD as their first treatment modality, 
whereas this percentage had decreased to 17.6% in the period 2007-2011. The mean age 
for PD patients increased from 56.0 (SD 14.8) years in 1992-1996 to 61.3 (SD 15.2) in 2002-
2006 and that of HD patients from 60.5 (SD 14.8) to 66.6 (SD 14.3). In both groups the 
proportion of patients above 65 years increased. Among PD patients the proportion of 
patients with hypertension/renal vascular disease as PRD increased, whereas the proportion 
of glomerulonephritis patients decreased. Similar trends existed for HD patients, but in this 
group there was also an increase in the proportion of patients with diabetes mellitus as PRD. 
Overall, PD patients were significantly younger and more often had glomerulonephritis than 
those on HD. 

Trends in dialysis modality specific patient survival 
The crude median survival time for PD patients increased from 3.4 years for patients who 
started treatment between 1992-1996 to 4.2 years for those who started between 2002-
2006. For HD patients the median survival time in these time periods was 3.6 and 3.4 years.  
After adjustment for age, sex, PRD and country, patient survival was better for patients 
starting dialysis in the third cohort (2002-2006) when compared with those starting in the first 
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cohort (1992-1996), both for PD patients (adjusted HR: 0.64, 95%CI: 0.61 to 0.67) and for 
HD patients (adjusted HR: 0.82, 95%CI: 0.80 to 0.84). Adjusted Cox survival curves and 
stratified HRs for PD versus HD patients in the different cohorts are presented in Figure 1. 
They show an initial survival benefit for PD in the first years after starting dialysis. This initial 
survival benefit for PD lasted for 2.7 years in the first cohort, but increased to 3.2 and 4.9 
years in the second and third cohort. Overall adjusted patient survival on PD and HD was 
similar in the first two cohorts (Table 2). However, in the third cohort there was a 7% survival 
benefit for patients starting on PD versus those starting on HD (adjusted HR: 0.93; 95%CI: 
0.90 to 0.96). Subgroup analysis showed that survival benefits on PD were specifically 
observed for patients younger than 65 years and for non-diabetic patients. For patients 
above the age of 65 years survival was similar for both modalities. In contrast, the data since 
1997 suggested a survival disadvantage for PD patients with diabetes as PRD.  
A secondary analysis of 2-year patient survival in patients who started dialysis in the years 
2007-2008 compared to 2005-2006 showed that the survival remained similar with adjusted 
HRs of 0.96 (95%CI: 0.87 to 1.07) for PD patients and 0.96 (95%CI: 0.92 to 1.00) for HD 
patients. Additionally, the survival benefit for PD relative to HD patients continued after 2006 
(HR 0.79; 95%CI: 0.73 to 0.86).

Figure 1: Five-year patient survival for patients starting dialysis on HD and PD in 1992-1996, 1997-
2001, and 2002-2006, adjusted for age, sex, PRD, and country.The fact that the survival curves cross 
indicates that the proportional-hazards assumption was violated. For that reason, stratum specific HRs 
for starting PD were calculated separately for the time periods before and after the curves crossed, 
using an extended Cox regression model. 
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Table 2: Overall hazard ratios for the 5-year survival for PD patients relative to HD patients, adjusted for 
age, sex, primary renal disease and country.  

Cohort All patients Age < 65 Age 65+ No diabetes Diabetes 
1992-1996 1.03 (0.98-1.07) 0.96 (0.90-1.02) 1.08 (1.02-1.14) 1.03 (0.98-1.08) 0.99 (0.92-1.07) 
1997-2001 1.00 (0.96-1.03) 0.94 (0.88-1.00) 1.03 (0.99-1.08) 0.94 (0.90-0.99) 1.11 (1.04-1.19) 
2002-2006 0.93 (0.90-0.96) 0.82 (0.77-0.87) 0.99 (0.95-1.03) 0.87 (0.84-0.91) 1.05 (0.99-1.12) 
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2009-2011      -3.8 (-7.3; -0.1)
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Period             APC
1992-1994     +6.8 (+0.0; +13.9)
1994-2000     +1.5 (+0.1; +3.0)
2000-2009      -0.8 (-1.5; -0.1)
2009-2011      -7.1 (-13.0; -0.9)

Tx
Period             APC
1992-1997       -2.5 (-6.8; +2.1)
1997-2004      +3.3 (-0.2; +6.9)
2004-2011      +11.6 (+8.6; +14.7)
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Figure 2a: Incidence of HD (black), PD (grey), transplantation (Tx, dotted) over the period 1992 to 
2011, adjusted for age and sex
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1992-1998     +5.1 (+4.9; +5.3)
1998-2004     +3.4 (+3.1; +3.7)
2004-2009     +1.5 (+1.2; +3.9)
2009-2011     +0.1 (-1.1; +1.3)

PD
Period             APC
1992-1994     +7.7 (+5.0; +10.5)
1994-2001     +2.8 (+2.4; +3.2)
2001-2009      -0.4 (-0.7; -0.0)
2009-2011      -5.5 (-7.9; -3.0)
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Period             APC
1992-1994     +5.7 (+4.9; +6.5)
1994-1999     +4.9 (+4.7; +5.2)
1999-2005     +3.8 (+3.8; +4.0)
2005-2011     +3.2 (+3.1; +3.4)
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Prevalence HD pmp 307.3 374.9 460.2 523.3 547.3 
Prevalence PD pmp 59.4 73.3 83.6 83.5 72.5 
Prevalence Tx pmp 273.5 336.9 418.3 501.7 590.7 

Figure 2b: Prevalence of HD (black) PD (grey), transplantation (Tx, dotted) over the period 1992 to 
2011, adjusted for age and sex. 
Abbreviations: HD, haemodialysis; PD, peritoneal dialysis; Tx, transplantation; APC, annual percentage 
change; pmp, per million population,  
Changes in the slopes of these trends were calculated as annual percentage change (APC) including a 
95% CI for each segment.9

Incidence HD pmp 77.6 95.8 118.4 125.1 115.5 
Incidence PD pmp 22.3 26.3 29.2 28.1 23.3 
Incidence Tx pmp 3.8 3.5 3.8 5.0 8.6 
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Trends in incidence and prevalence of PD, HD and transplantation 
The incidence of all three modalities increased over the study period (Figure 2a). The 
incidence for PD increased until 2000 and then slightly decreased until 2009 with a sharper 
decline thereafter. On the other hand the incidence for HD patients increased up to 2004, 
then stabilized until 2009 with also a decline thereafter. In contrast, the incidence of 
preemptive transplantation has continued to increase since 2004. Exploring these trends by 
age and diabetic status (Appendix figures 1.1 and 1.2) showed that the decline in PD 
incidence was most pronounced in the youngest age group and occurred simultaneously 
with a strong increase in the incidence of preemptive transplantation. The increasing HD 
incidence could mainly be attributed to increased incidence for elderly and diabetic patients, 
whereas the recent decline occurred in all subgroups.  
Trends in modality specific prevalence are shown in Figure 2b. The PD prevalence 
increased until 2001 but has decreased since then, with a steeper decline after 2009. HD 
prevalence continued to increase at progressively slower rates, resulting in a stable 
prevalence since 2009. The prevalence for transplanted patients on the other hand has 
continued to rise throughout the study period so that currently there are more transplant 
recipients than HD patients. Subgroup analyses by age and diabetes yielded similar trends 
(Appendix figures 2.1 and 2.2). Both in diabetic patients and in the elderly the number of 
transplant recipients is now almost half of that on HD.   

Technique survival 
To study PD technique survival a competing risk approach was used in which transfers from 
PD to HD, to transplantation and to death that took place within five years after the start of 
PD were all taken into account (Figure 3). Unadjusted 5-year PD technique survival 
remained stable or slightly improved from 7.4% in the first cohort to 8.9% in the third cohort. 
The data suggested that over time there was a decrease in the unadjusted probability of 
receiving a transplant while on PD, whereas the probability of transfer to HD increased 
(Figure 3). Similar changes were found in elderly and diabetic patients (data not shown). 
Adjustment for age, sex, PRD and country in a Cox model showed a 6% reduction in PD 
technique failure in cohort 2 and 3 when compared to the first cohort (HRs of 0.94 [95%CI: 
0.89 to 0.98] and 0.84 [95%CI: 0.90 to 0.99], respectively) (Table 3).  
The secondary analysis for the most recent cohort including patients who started dialysis in 
2007-2008, showed that after 2008 PD technique failure did not change (adjusted HR:1.04 , 
95%CI:0.95 to 1.15 as compared to 2005-2006). We adopted a similar approach to study 
HD technique survival over time (Figure 4) showing that the percentage of patients with a 
transfer from HD to PD remained stable between 3 and 4%. Also after adjusting for age, 
sex, PRD and country, there was no change in HD technique failure over time (Table 4). 

Modality choice in specific patient groups 
Finally, patient selection for PD as initial dialysis treatment as opposed to HD for patients 
with diabetes, hypertension/renal vascular disease, glomerulonephritis and ADPKD as PRD 
is shown in Table 5. For diabetic patients the proportion of patients starting on PD 
decreased from 29 to 17% and for those with hypertension/renal vascular disease from 22 to 
17%, whereas no trends were observed for the other two groups. In patients younger than 
65 years with diabetes mellitus PD as a start modality fell from 36% to 22%. On the other 
hand in this youngest age group, the proportion of patients with glomerulonephritis treated 
with PD first slightly increased from 28 to 31% (P=0.004). Except for patients with ADPKD, 
all patients of 65 years and older less often received PD as their first treatment modality. 
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Figure 3: Unadjusted cumulative incidence survival curves for event-free PD survival, transfers to HD, 
transplantation and death on PD for patients who started PD in 1992-1996, 1997-2001, and 2002-2006 
for all (upper panel), elderly (65+ years) and diabetic patients. 

Table 3: Hazard ratios for PD technique failure, adjusted for age, sex, PRD and country. 
 all age <65 age 65+ no diabetes diabetes 
1992-1996 (ref) 1.0 1.0 1.0 1.0 1.0 
1997-2001 0.94 (0.89-0.98) 0.90 (0.85-0.95) 1.00 (0.92-1.08) 0.93 (0.88-0.98) 0.96 (0.87-1.05) 
2002-2006 0.94 (0.90-0.99) 0.94 (0.89-1.00) 0.94 (0.87-1.02) 0.93 (0.88-0.98) 1.00 (0.91-1.10) 

Figure 4: Unadjusted cumulative incidence survival curves for event-free HD survival, switches to PD, 
transplantation and death on HD for patients who started HD between 1992 and 1996, 1997 and 2001, 
and 2002 and 2006.
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Table 4: Hazard ratios for HD technique failure, adjusted for age, sex, PRD and country. 
 all patients age <65 age 65+ no diabetes diabetes 
1992-1996 1.0 (reference) 1.0 1.0 1.0 1.0 
1997-2001  0.96 (0.89-1.03) 0.93 (0.84-1.02) 1.00 (0.88-1.13) 0.94 (0.86-1.02) 1.02 (0.87-1.20) 
2002-2006  0.94 (0.87-1.01) 0.97 (0.88-1.06) 0.90 (0.80-1.01) 0.91 (0.84-0.99) 1.01 (0.87-1.17) 

Table 5: Proportion (%) and incidence rate (pmp) of patients receiving PD on day 91 after initiation of 
dialysis in the different patient cohorts  
 1992-1997 

% (pmp) 
1997-2001 
% (pmp) 

2001-2006 
% (pmp) 

2007-2011 
% (pmp) 

Test for 
 trend* 

Diabetes mellitus 29 (31.5) 23 (35.7) 19 (10.4) 17 (31.1) <0.0001 
Hypertension/renal vascular 22 (17.9) 20 (22.9) 18 (22.7) 17 (25.0) <0.0001 
Glomerulonephritis  26 (25.3) 25 (24.6) 24 (25.1) 26 (21.1) 0.78 
ADPKD  24 (9.3) 21 (9.5) 23 (36.1) 22 (9.2) 0.61 

Age 20-65      
Diabetes mellitus 36 (29.5) 29 (29.9) 25 (27.8) 22 (22.3) <0.0001 
Hypertension/renal vascular 26 (10.1) 26 (11.8) 24 (11.5) 21 (9.3) 0.0004 
Glomerulonephritis  28 (24.3) 29 (23.5) 30 (21.6) 31 (19.5) 0.004 
ADPKD 25 (9.4) 23 (9.5) 26 (10.4) 24 (8.6) 0.80 

Age 65+      
Diabetes mellitus 19 (39.1) 16 (56.9) 13 (66.2) 13 (63.6) <0.0001 
Hypertension/renal vascular 19 (46.5) 17 (63.4) 15 (74.9) 16 (82.7) <0.0001 
Glomerulonephritis 20 (29.1) 17 (28.6) 16 (26.7) 18 (26.9) 0.07 
ADPKD 19 (8.9) 16 (9.6) 16 (10.4) 18 (11.7) 0.91 

* The cochran-armitage test for trends was used to study trends over time for the proportion of patients 
on PD. Abbreviations: pmp per million population, ADPKD adult dominant polycystic kidney disease 

DISCUSSION

In this large European registry study time trends in PD and HD specific patient survival were 
related to the frequency of their use. Long-term patient survival substantially improved for 
both dialysis modalities, with the strongest improvement in PD. Currently, the time period of 
initial survival benefit of starting on PD as compared to HD has increased to almost five 
years. Also PD technique survival improved substantially. These trends in patient and 
technique survival are in contrast with the decline in PD use, as expressed as a lower 
prevalence, and as compared to the stabilization of HD use over the last decade. In general, 
a lower prevalence of dialysis can be caused by a decreased patient and technique survival, 
higher transplant rates or a drop in the incidence of dialysis.  In the following sections these 
possible explanations for the changes in PD and HD use will be discussed. 

Patient and technique survival 
Before the turn of the century, PD was characterized by relatively high peritonitis and exit–
site infection rates. Updated recommendations on PD-related infection, the launch of “flush 
before fill” systems and mupirocin prophylaxis, led to marked decreases in these 
complications and to an improved PD technique survival.11-14 After 2000, a further 
improvement in technique survival may have resulted from the shift from a strong emphasis 
on the magnitude of small solute removal to the prevention of overhydration.15 Initially, 
higher PD solute removal was suggested to be associated with better patient survival16 and 
it is conceivable that PD may have been discontinued in patients not meeting the targets for 
that removal. In more recent years, it appeared not to be the peritoneal solute removal but 
the presence and magnitude of residual renal function that was associated with the better 
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survival outcomes for PD patients.17;18 Since dialysis solutions containing icodextrin as 
osmotic agent became available for clinical use in Europe from 1996 onwards,19 the fluid 
status of prevalent PD patients has improved20-22 and an important contribution of these 
solutions to the lower mortality rates and improved technique survival can be expected. 
Additionally, there was a secular tendency to start dialysis at higher levels of glomerular 
filtration rate,23;24 which made it possible to remain on PD for a longer period of time.25;26

Around 2002, so–called biocompatible dialysis solutions with less glucose degradation 
products and a higher pH than conventional solutions entered the market. Some but not all 
studies showed an association between their use and a reduction of peritonitis27;28 and 
recently one study has shown less peritoneal damage compared to conventional solutions.29

Together with an increased experience with PD,30;31 these factors all may have contributed 
to an improved patient and technique survival for PD patients. 
Also for HD efforts have been made to expand the improvement in therapy beyond a 
previous focus on small solute removal. Examples include the evaluation of non-traditional, 
intensified dialysis schedules including nocturnal and daily dialysis. Several recent studies 
have shown that longer treatment times with slower ultra-filtration rate and more consistent 
attainment of ‘dry weight’ are associated with fewer hospitalizations and improved patient 
survival when compared to conventional HD regimens.32-34 In addition, more attention has 
been paid to the individualization of dialysate prescriptions with regard to potassium and 
bicarbonate concentrations. Adjustment of the dialysate prescription may be beneficial in 
minimizing the risk of sudden cardiac death due to rapid short-term electrolyte and fluid 
shifts.35 Also the active stimulation of the use of arteriovenous fistulas rather than catheters 
as vascular access over the last decade may have contributed to an important extent to the 
improvement of clinical outcomes on HD.36 Finally, the introduction of new procedures such 
as haemodiafiltration has been suggested to improve patient and technique survival, 
although results are inconclusive.37;38

Transplant rates  
The prevalence of dialysis is affected by the number of dialysis patients receiving a kidney 
transplant. If the transplant rates while on dialysis increase, a lower prevalence can be 
expected. However, both for patients on HD and PD there was a lower probability of 
receiving a kidney transplant, indicating that increased transplant rates cannot have 
contributed to the decline in PD prevalence or the stabilization of the HD prevalence over 
time.

Incidence of dialysis 
We have demonstrated that the decrease in PD prevalence can neither be explained by a 
lower patient or technique survival on PD or by an increased transplant rate while on PD. 
Therefore the most important explanation must be the decrease in PD incidence, which was 
most evident since 2006. The same reasoning holds true for HD as the drop in the HD 
incidence from 2009 likely constitutes the main factor for the stabilization of HD prevalence. 
The incidence of both modalities has likely been affected by the substantial increase in 
preemptive transplants since 2004. As more patients received a preemptive transplant, 
fewer patients started RRT on dialysis and particularly fewer of them on PD.39;40

Furthermore, over the study period the incident dialysis population showed a substantial 
increase in age, and in the proportion of patients with diabetes mellitus as PRD. Especially 
elderly and diabetic patients have a lower chance to receive PD as initial treatment modality, 
and this trend partly explains the fall in PD incidence.  
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Is PD an underutilized dialysis modality? 
Taking into account the improvements in patient and technique survival one may wonder 
why PD incidence decreases. For end-stage renal disease patients without medical or social 
contraindications for one of the treatment modalities, PD has some important advantages. 
The possibility to receive dialysis at home and to retain independence and autonomy to a 
higher extent than when treated with HD have been pointed out as main reasons for patients 
to prefer PD over HD.41;42 Nevertheless, the increasing age and likely concomitant increase 
in the proportion of patients with comorbidities may have resulted in more patients having 
perceived medical or social contraindications for PD.  
A greater use of PD would likely decrease costs of dialysis. Recently Karopadi et al. have 
shown that PD continues to be the cheaper dialysis modality due to its lower costs for 
consumables and staffing. They concluded that overall healthcare expenditure can be 
reduced with a higher uptake of PD.43  It is regrettable that further improving treatment 
outcomes, both in absolute and relative terms, and lower economic costs have been 
insufficient to tip the balance of modality choice more in favour of PD.  

Strengths and limitations 
To the best of our knowledge this is the first study to link recent trends in dialysis modality 
specific patient survival to the trends in utilization of specific dialysis modalities. Strengths of 
this study include the large sample size, the long follow-up period and the large 
representation of European countries and regions. However, for the interpretation of our 
results, also some limitations need to be taken into account. An important limitation is the 
confounding by indication that was left as we were unable to adjust for unknown 
confounders such as the level of GFR and the presence and severity of comorbidities at the 
start of dialysis. However, as we did adjust all comparisons for age, sex, country and PRD 
distribution the expected residual confounding by differences in comorbidity may be 
limited.44 Other factors that could not be studied as explanations for changes in dialysis 
modality choice were patient preference and facility-related factors like HD capacity and 
physicians’ preference or education.  

Conclusion 
In conclusion, we found that the prevalence of PD has decreased since 2001 whereas HD 
prevalence continued to increase until 2009 and stabilized thereafter. The decrease in 
prevalence of PD could neither be explained by a decrease in patient or technique survival 
on PD nor by higher transplant rates in PD patients. Our findings demonstrate that the sole 
reason for the decrease in PD use was a decrease in its incidence starting in 2000. This 
decrease was only partly due to the increase in preemptive transplants. In the presence of a 
better survival for patients starting on PD, an improved PD technique survival and the lower 
costs of the PD treatment, PD should not be abandoned as a first dialysis modality choice. 
Future studies and initiatives should focus on the possibilities to stimulate the use of PD in a 
higher number of ESRD patients. 
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APPENDIX TO CHAPTER 8 

Figure 1.1: Incidence of HD (black), PD (grey), transplantation (Tx, dotted) over the period 
1992 to 2011, by age, adjusted for age and sex  
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Figure 1.2: Incidence of HD (black), PD (grey), transplantation (Tx, dotted) over the period 1992 
to 2011, by diabetic status, adjusted for age and sex 
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Figure 2.1: Prevalence of HD (black), PD (grey), transplantation (Tx, dotted) over the period 
1992 to 2011, by age, adjusted for age and sex
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Figure 2.2: Prevalence of HD (black), PD (grey), transplantation (Tx, dotted) over the period 
1992 to 2011, by diabetic status, adjusted for age and sex
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1996-2006     +1.7 (+1.0; +2.3)
2006-2011      -2.9 (-4.4; -1.4)
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GENERAL DISCUSSION 

The research reported in this thesis aimed to contribute to the knowledge on three themes 
related to the start of renal replacement therapy in patients with end-stage renal disease. 
Our first objective was to examine which clinical, social or logistical factors influence the 
decision-making of European nephrologists on whether and when to start renal replacement 
therapy. The second one was to assess the associations of medical and non-medical factors 
with dialysis modality choice in different patient groups. Finally, we aimed to examine 
dialysis modality specific patient survival and its trends in relation to changes in technique 
survival, dialysis modality choice and (pre-emptive) transplant rates in Europe. 
This chapter summarises the results of previous chapters and puts them in a broader 
perspective. To this end we elaborate on the implications for clinical practice and provide 
guidance for future research. 

Starting renal replacement therapy 
Chapter 3 showed that the majority of the European nephrologists reported to use an 
estimated GFR (eGFR) of 10 ml/min/1.73m2 as the target level of kidney function to start 
renal replacement therapy. They also reported that this start is brought forward in the 
presence of chronic clinical conditions or important uraemic signs and symptoms, whereas 
the preference of the patient and the presence of vascular dementia were reasons for them 
to postpone the start.
In the most recent guideline of the European Renal Best Practice it is stated that dialysis 
should be considered for all patients with a GFR <15 mL/min/1.73m2 when one or more of 
the following factors is present: symptoms or signs of uraemia, inability to control hydration 
status or blood pressure or a progressive deterioration in nutritional status. As an additional 
note it is stated that the majority of patients will be symptomatic and need to start dialysis 
with a GFR between 6-9 mL/min/1.73m2.1 The results in Chapter 3 therefore suggest that 
the European nephrologists make an effort to act in line with the recent guidelines providing 
recommendations for the start of dialysis. 
Over the last decade, there has been a tendency to start dialysis at higher levels of eGFR 
compared to earlier years.2-4 Several factors may explain this trend, including a change in 
characteristics of the dialysis population. Nowadays, a larger proportion of patients are older 
than 75 years of age at the start of renal replacement therapy. Additionally, patients more 
often present themselves with diabetes mellitus and renal vascular disease as primary 
cause of kidney failure as well as with a higher comorbidity burden.5;6  Both a higher age 
and comorbidity burden are associated with higher levels of eGFR at the start of dialysis.7

Furthermore, in the US it has been suggested that nephrologists in recent years have put a 
stronger reliance on eGFR levels in determining the best moment to start dialysis, instead of 
on the clinical condition of the patient.8

In clinical practice the patient’s kidney function is usually estimated by equations. However, 
these were not developed in patients with advanced kidney disease and only validated in a 
limited number of patient groups.9-11 Additionally, most equations are based on serum 
creatinine levels that are highly affected by the patient’s age, weight, muscle mass and 
dietary intake.12 In patients with advanced kidney disease the equations are highly 
inaccurate and should therefore be considered unfit for decision-making.13
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Instead of using equations to estimate the GFR, it is also possible to measure a patient’s 
kidney function. This can be established by intravenously injecting an exogenous marker like 
inulin or iohexol, which are freely filtered by the kidneys. After injection, blood samples 
should be drawn at certain time intervals. Subsequently, the inulin or iohexol concentration 
in these samples is determined by using high-pressure liquid chromatography. Based on this 
assay, plasma elimination curves can be generated to calculate the concentration of inulin or 
iohexol as filtered by the kidneys.14 However, since measuring GFR is a time-consuming, 
invasive and expensive method this is not often performed in clinical practice.  

Not starting renal replacement therapy – a conservative care approach 
The European nephrologists who participated in our survey estimated that in 2009 up to 
15% of the referred patients with end-stage renal disease were treated conservatively. The 
need for offering and optimizing conservative care for specific patients with end-stage renal 
disease is increasingly recognised.15 Ellwood et al. recently found that patients who initiated 
dialysis at an eGFR >10.5 ml/min/1.73m2 were 17% more likely to withdraw from dialysis. 
They additionally observed that even after adjustment for eGFR at initiation patients who 
started dialysis in more recent years were more likely to withdraw from dialysis.16

Old and sicker patients are often brought forward as a group of patients who may not always 
benefit from dialysis and may therefore be considered for conservative care.17;18 Our results 
in Chapter 4 showed that in the considerations of nephrologists the presence of severe 
clinical conditions prevailed over a higher age. Moreover, the nephrologists considered 
patient preference as extremely important in the decision-making about providing 
conservative care instead of dialysis.  

Choosing between haemodialysis and peritoneal dialysis as initial dialysis modality 
We explored the association between patient survival and initial dialysis modality choice for 
several subgroups of patients in Chapter 5. Overall, there was a survival benefit of starting 
with peritoneal dialysis (PD). However, with an increasing number of comorbid conditions 
and in the presence of diabetes mellitus, ischaemic heart disease, peripheral vascular 
disease or cerebrovascular disease the survival benefit disappeared and we found similar 
survival outcomes for patients starting with haemodialysis (HD) or PD. 
For patients with diabetes mellitus there were differences by sex. Male patients with or 
without diabetes mellitus showed survival benefits on PD, whereas diabetic female patients 
showed an increased mortality when treated with PD as initial treatment, especially if they 
were 70 years and older. We further explored patients with diabetes mellitus in Chapter 6, 
where we found that patients with diabetes mellitus as primary cause of kidney failure 
showed a worse patient survival than patients with diabetes mellitus as comorbid condition.  
For most patient groups the dialysis modality choice was in line with survival outcomes: 
there was a lower likelihood to receive PD in groups where a start on HD was associated 
with a survival benefit. However, in patients of 70 years and older, non-diabetic patients and 
those with a malignancy, survival benefits on PD were found, whereas these patients were 
less likely to receive PD as initial dialysis modality. 
Finally, in Chapter 8 we showed that since 2001 PD use has decreased, whereas since 
2009, HD use has stabilized. We related these trends to patient and technique survival, to 
pre-emptive and non-pre-emptive transplant rates as well as to trends in incidence for both 
dialysis modalities. We found that the PD and HD patient survival and technique survival for 
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PD has improved. Also the probability to receive a transplant while on dialysis did not 
increase. Therefore, our data suggest that the only cause for the decrease in PD use was a 
decrease in its incidence since 2000.  
Dialysis modality choice is affected by multiple factors, including patient preference and the 
preference and experience of the nephrologist. Also country-level factors, like macro 
economic factors or renal service indicators play an important role in dialysis modality 
choice. In Chapter 7, we showed that the following factors contribute to a smaller proportion 
of PD as initial dialysis modality choice: a higher proportion of patients with diabetes mellitus 
as primary renal disease, higher health care expenditures, larger share of private-for-profit 
centres, and higher costs of PD consumables relative to staffing costs. The latter two factors 
suggest that it may be possible to influence dialysis modality choice through healthcare 
organization and funding. 

Methodological issues 
A large part of the research was performed using data from the ERA-EDTA Registry. 
Because of the large number of patients for whom the core dataset is available and the high 
completeness of the data, using registry data enables to perform analyses in subgroups of 
patients yielding effect estimates with high precision. Additionally, the ERA-EDTA Registry 
has a high geographical coverage in Europe, hereby enabling to examine country 
differences and produce results that are generalizable to Europe. 
In Chapters 3 and 4 we used a cross-sectional web-based survey to capture the opinions of 
European nephrologists. Surveys have the important advantage of collecting topical data in 
a limited time period. An important drawback is however that the results are mainly 
descriptive in nature and several forms of bias like volunteer bias and non-response bias 
may occur. Volunteer bias occurs when people with a high personal interest in the survey 
topic and those with strong or distinct opinions are more eager to respond. Non-response 
bias may occur when individuals choose not to participate in a survey. Characteristics from 
these non-respondents are often not known, and therefore the results of the survey may not 
be generalizable to the entire population of potential respondents. Also, as the topic of the 
survey had been recently highly debated, there is a possibility that respondents provided 
socially acceptable answers. 
The studies presented in this thesis are all observational in nature. An important limitation of 
observational studies is that they cannot prove causality. For studying causal associations 
between therapeutic interventions and outcomes the optimal study design is a randomized 
controlled trial (RCT). In this design included subjects are randomly assigned to a specific 
treatment or other exposure to strive for an equal distribution of all (un)measured 
confounders over the study groups and to avoid confounding by indication. Confounding by 
indication arises when factors like the patient’s or physician’s preferences influence 
treatment decisions and it may result in an over- or underestimation of the actual effects of 
therapy.19

Due to several barriers, including ethical concerns and patient preference, not all research 
questions can be studied by using an RCT.20 This especially holds true for treatment 
decisions that affect a patient’s daily life to an important extent. For example, an RCT which 
aimed to determine which dialysis modality would yield the best results in terms of quality of 
life and patient survival, showed that randomisation was not possible as the far majority of 
patients either had medical or social contra-indications for PD or HD or had a preference for 
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one of the two dialysis modalities.21 For specific research purposes and when performing an 
RCT is challenging, properly performed observational studies are the best available 
alternative, as long as their limitations are taken into account when interpreting the 
results.22;23

Several methods are available to reduce confounding in observational studies, for example 
multivariable adjustment and propensity score risk adjustment. However, only with pseudo-
randomization methods like the instrumental variable method it is possible to address 
insufficiently measured or unmeasured confounders. The instrumental variable method 
attempts to reduce confounding by indication by mimicking randomization. The use of this 
and similar methods should therefore be further explored for use in registry studies.24;25

Future research 
Decision-making around starting dialysis or conservative care for end-stage renal disease 
The survey described in the Chapters 3 and 4 focused on nephrologists’ opinions on the 
decision whether and when to start dialysis. Its results showed that in this decision the 
preference of the patient is considered as one of the most important factors. Whereas our 
survey focused on the opinion of the nephrologists, future research should include an 
additional focus on the patient’s perspective. In addition, the factors pointed out as important 
in the survey may be relevant for new studies exploring which factors are actually involved in 
decision-making in clinical practice. 
The proportion of patients older than 75 years of age at the start of renal replacement 
therapy for the incident population of the ERA-EDTA Registry increased from 16% in 2000 
to 31% in 2011. As a result, geriatric problems are currently more often encountered in the 
end-stage renal disease population, which brings along difficult challenges for nephrologists. 
Several complications like multimorbidity, malnutrition, cachexia, and cognitive impairment 
are related to older age, and may affect the decision-making and treatment protocols for the 
patient’s kidney disease.26 Also, for several specific comorbidities like hypertension, 
diabetes, and cardiovascular disease treatment protocols may be different for elderly 
patients compared to their younger counterparts.27 Future studies on decision making in 
elderly patients approaching end-stage renal disease should therefore incorporate geriatric 
principles that focus not only on assessment of kidney function, but also on disabilities, 
comorbidities, and geriatric problems (e.g. multimorbidity, frailty, dementia, delirium, 
depression, falls, malnutrition, polypharmacy).28;29

The EQUAL study (European Quality study on treatment in advanced chronic kidney 
disease), initiated by the ERA-EDTA Registry, is expected to contribute to our knowledge by 
addressing several of these issues. This prospective observational cohort study is currently 
recruiting patients of 65 years and older in a large number of renal centres in Germany, Italy, 
Poland, Sweden, The Netherlands and the United Kingdom. The study includes patients 
whose kidney function has dropped below 20 mL/min/1.73m2 for the first time within the last 
six months, while being under the care of a nephrologist. Patients will be followed during 
their routine care for a maximum period of four years. The results of this study will amongst 
others inform the nephrology community about what patients consider as important in 
deciding if and when to start dialysis and on the optimal decision-making process for elderly 
patients. In EQUAL, survival outcomes and quality of life will be compared between patients 
starting dialysis with a higher versus lower kidney function and between patients starting 
dialysis with fewer versus more signs and symptoms. Another important research focus will 
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lie on the assessment of kidney function, specifically in terms of determining which method 
provides the best information for deciding when to start dialysis for these elderly patients.30

Comparing benefits of HD and PD as initial dialysis modalities. 
We found survival differences between HD and PD for several subgroups of patients 
(Chapters 5 and 8), but these differences were limited in terms of absolute survival time. 
This relatively small difference may be important to take into account for a more efficient 
organization of the healthcare system, especially considering the increased pressure on 
healthcare budgets worldwide. When comparing the economic impact of HD and PD 
treatment, we can conclude that PD is a more affordable treatment option than HD.31;32

Besides the lower costs of PD treatment and its consumables, lower staffing costs are 
required since PD is often performed at home. However, such economic considerations 
should be in balance with the preference of the individual patient and the presence of 
(medical) contraindications. 

Conclusions 
When combining the results of all studies in this thesis we can draw the following 
conclusions. According to the opinions of European nephrologists, the preference and 
clinical condition of the patient are the two most important factors in decision-making on 
whether and when to start dialysis. Patient-centered studies are required to further explore 
which factors are considered important by the patients themselves, to integrate such 
knowledge in the shared decision-making process. It is estimated that conservative care in 
Europe was provided to up to 15% of the patients in 2009. We may expect a further increase 
of this proportion because of the larger share of elderly patients with a high prevalence of 
geriatric problems. 
Once it has been decided to initiate dialysis, also dialysis modality choice should rely mainly 
on patient preference, provided that important medical contra-indications for the modality 
choice of their preference are absent. Over the years, patient survival has improved, 
especially for patients starting dialysis on PD. As a consequence currently the best available 
evidence suggests that starting on PD provides many patients with the best survival 
prospects. Although the improved outcomes and the current burden on health care budgets 
plead for the expansion of PD use, the prevalence of PD has decreased in Europe since 
2001. These results merit further investigation on how to stimulate the use of PD as initial 
dialysis modality in patients with end-stage renal disease.
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SUMMARY 

The general aim of this thesis was contribute to the knowledge related to the start of renal 
replacement therapy in patients with end-stage renal disease. The first objective was to 
examine which clinical, social or logistical factors influence the decision-making of European 
nephrologists on whether and when to start renal replacement therapy. Secondly, we aimed 
to assess the associations of medical and non-medical factors with dialysis modality choice 
in different patient groups. Our final aim was to examine dialysis modality specific patient 
survival and its trends in relation to changes in technique survival, dialysis modality choice 
and (pre-emptive) transplant rates in Europe. 

A general introduction for the studies included in this thesis is provided in the first Chapter. 
Chapter 2 presents the epidemiology regarding the provision of renal replacement therapy 
for end-stage renal disease in Europe. This is a summary of the ERA-EDTA Registry Annual 
Report in 2009 and focuses on the incidence and prevalence of haemodialysis (HD), 
peritoneal dialysis (PD) and kidney transplantation between countries and over time. The 
overall incidence rate of new patients receiving renal replacement therapy in 2009 was 125 
per million population (pmp) in 2009. On 31 December 2009, the prevalence, i.e. existing 
number of patients treated with dialysis or living on a functioning graft, was 730 pmp. When 
comparing the treatment modality distribution between 2005 and 2009, we found that the 
use of HD and PD decreased with -0.5% and -1.4%, respectively, whereas the share of 
patients living on a functioning graft increrased with 1.8%. 

To address the first objective we evaluated the opinions of European nephrologists about 
the influence of social, clinical and logistical factors on their decision-making on when to 
start or not to start renal replacement therapy. To this end we developed a webbased 
survey. This survey was administered through national representatives and national 
societies of nephrology in 11 European countries. Chapter 3 describes the results of the first 
part of this survey which focuses on reasons to start dialysis. From the 433 responses 
obtained, we conclude that the target level of estimated glomerular filtration rate on which 
nephrologists aim to start with renal replacement therapy in uncomplicated patients was 
10.0 mL/min/1.73m2 (25th-75th percentile, 8.0-10.0). Also in uncomplicated patients, the level 
of excretory kidney function was appointed by half of the nephrologists as most important 
factor. The majority of the respondents considered clinical judgement as most important 
factor in their decision-making process. In case of life-threatening hyperkalemia refractory to 
other therapy, uremic pericarditis, and fluid overload refractory to diuretic therapy, treatment 
with dialysis is scheduled immediately. Contrasting, reasons that were pointed out to 
postpone the start were patient preference and the presence of vascular dementia.  
The second part of the survey aimed to capture opinions of the European nephrologists 
regarding reasons not to start renal replacement therapy. These results are evaluated in 
Chapter 4. Nephrologists have estimated that conservative care was provided to up to 15% 
of their patients in 2009. It was the nephrologists decision to offer conservative care in 10% 
of their patients, whereas an additional 5% of the patients refused renal replacement therapy 
when nephrologists intended to start. Patient preference, the presence of severe clinical 
conditions, vascular dementia and a low physical functional status were considered 
important factors in the decision-making not to start RRT.  
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We combined the second and third aim to describe the provision of dialysis treatment, 
focussing on initial dialysis modality choice and differences in patient survival on HD and 
PD.

In Chapter 5 we assessed the association between patient survival and initial dialysis 
modality for various subgroups of patients. We used data from seven renal registries that 
provided the ERA-EDTA Registry with additional comorbidity data at the start of dialysis. 
The study population consisted of patients of 20 years and older who started dialysis 
between 1998 and 2006. Day 91 on dialysis was considered as start of treatment, because 
at that moment the type of dialysis can be considered as the modality of choice. 
The subgroups of interest were classified according to the presence of diabetes mellitus, 
cerebrovascular disease, peripheral vascular disease, ischaemic heart disease or 
malignancy. Overall, there was a survival benefit of starting with PD. However, similar 
survival outcomes on HD and PD were demonstrated with an increasing number of 
comorbid conditions and in the presence of diabetes mellitus, ischaemic heart disease, 
peripheral vascular disease or cerebrovascular disease. 
When examining these results for male and female patients separately, we found that male 
patients with or without diabetes mellitus showed survival benefits on PD, whereas diabetic 
female patients showed an increased mortality when treated with PD, especially if they were 
70 years and older. Patients with diabetes mellitus are further explored in Chapter 6. We 
compared the survival for patients with diabetes mellitus as primary cause of kidney failure 
with the survival for patients with diabetes mellitus as comorbid condition and with non-
diabetic patients. After adjusting for age, sex, country and the presence of malignancy, the 
overall mortality was highest for the patients with diabetes as primary cause of kidney 
failure. This finding was consistent for HD and PD patients. 
In general, dialysis modality choice was in line with the expected survival as for most 
subgroups of patients we found a lower likelihood to receive PD when a survival benefit was 
demonstrated for patients starting on HD. However, for elderly patients, non-diabetic 
patients and for patients with a malignancy, we found survival benefits on PD, whereas 
these patients were less likely to receive PD as initial dialysis modality. 
Country level factors may be involved in the initial dialysis modality choice as well. These 
factors were examined in Chapter 7. This study is part of the EVEREST study (Explaining 
the Variation in Epidemiology of RRT through Expert opinion, Secondary data sources and 
Trends over time), and we used country-level data from 36 renal registries that were able to 
provide incidence counts stratified by modality type over the time period 2003-2005. 
Macroeconomic indicators were collected from the OECD and WHO, and renal service 
organization indicators were collected using a survey among experts in renal services. The 
main objective of this study was to assess which patient characteristics, macroeconomic 
factors, and renal service indicators were associated with the proportion of patients in a 
country starting dialysis on PD. The median percentage of incident patients on PD in the 
period 2003-2005 was 12% (25th-75th percentiles, 7-26%). We examined which determinants 
showed an independent association with lower percentages of PD as initial dialysis modality. 
The results showed that a higher proportion of patients with diabetes mellitus as primary 
renal disease, increased health care expenditure as a percentage of GDP per capita, higher 
private-for-profit share of HD-facilities and higher costs of PD consumables relative to 
staffing costs were all associated with a lower percentage of patients on PD. Even though 
the incident dialysis population characteristics are not modifiable without restricting access 
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to treatment, the role of the other “non-medical” factors suggests that it may be possible to 
influence dialysis modality choice through healthcare organisation and funding.   
Finally, we examined the temporal trends in dialysis modality specific patient survival 
between 1992 and 2011 in Chapter 8. For this study, we used individual patient data from 
12 renal registries that contributed complete data to the ERA-EDTA Registry since 1992. All 
adult patients of 20 years and older at the start of renal replacement therapy who survived 
the first three months were included and the treatment modality at day 91 after start of 
treatment was considered as initial modality. Using joinpoint regression analysis we were 
able to quantify the trends in incidence and prevalence for the renal replacement therapy 
modalities and to identify points in time where changes in these trends are observed, the so-
called join-points. We showed that PD prevalence as initial dialysis modality has been 
decreasing since 2001. HD prevalence increased until 2009 but stabilized thereafter.  
In general, a lower dialysis modality specific prevalence can be caused by a decreased 
patient and technique survival, higher transplant rates or a drop in the incidence of dialysis. 
We therefore put the trends in dialysis modality utilization in the context of the patient and 
technique survival, pre-emptive and non-pre-emptive transplant rates as well as trends in 
incidence for both dialysis modalities.  
We found that the 5-years PD and HD patient survival and 5-years PD technique survival 
improved over the years, whereas the probability to receive a transplant while on dialysis did 
not increase. The incidence of patients living on a functioning graft increased, whereas the 
incidence for PD decreased as of the year 2000 and for HD a decrease was seen since 
2009. Based on these data we suggest that the only cause for the decrease in PD use was 
a decrease in its incidence since 2000. These results suggest that with the improvements in 
PD patient and technique survival, as well as the lower costs of PD treatment in general, PD 
should not be abandoned as a first dialysis modality choice. 

Chapter 9 summarises the main results of the studies described in the previous chapters 
and puts them in a broader perspective by elaborating on implications for clinical practice 
and provide guidance for future research. In conclusion, European nephrologists have 
indicated that the preference and clinical condition of the patient are the two most important 
factors in decision-making on whether and when to start dialysis. However, we need patient-
centered studies to integrate the factors that are considered important by the patients 
themselves in the shared decision-making process. Regarding the decision to start renal 
replacement therapy with HD or PD, the best available evidence suggests that starting on 
PD provides many patients with the best survival prospects. Further studies on how to 
stimulate the use of PD as initial dialysis modality in patients with end-stage renal disease 
are recommended. 
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SAMENVATTING 

Iedereen die gedurende tenminste drie maanden afwijkingen in de structuur of de functie 
van de nieren vertoont, kan worden geclassificeerd in een van de vijf stadia van chronische 
nierschade. Patiënten die het vijfde stadium, ook wel het eindstadium nierfalen of 
permanente nierschade genoemd, hebben bereikt, hebben nierfunctievervangende therapie 
nodig om in leven te kunnen blijven. Er zijn twee vormen van nierfunctievervangende 
therapie: dialyse en niertransplantatie. Vanwege een tekort aan beschikbare donornieren 
beginnen de meeste patiënten hun behandeling met hemodialyse (HD) of peritoneale 
dialyse (PD). 
Voor een groot deel van het onderzoek uit dit proefschrift zijn gegevens gebruikt van de 
European Renal Association - European Dialysis and Transplant Association (ERA-EDTA) 
Registratie. Deze registratie verzamelt jaarlijks gegevens over Europese patiënten die 
behandeld worden met nierfunctievervangende therapie voor eindstadium nierfalen. 

Het algemene doel van dit proefschrift was om meer kennis te vergaren over de start van 
nierfunctievervangende therapie bij patiënten met eindstadium nierfalen. Voor de eerste 
subdoelstelling is onder Europese nefrologen geëvalueerd welke klinische, sociale of 
logistieke factoren de besluitvorming omtrent het al dan niet starten van 
nierfunctievervangende therapie beïnvloeden.  
Ten tweede zijn voor verschillende groepen patiënten de associaties tussen medische en 
niet-medische factoren en de keuze voor het type dialyse (HD of PD) bestudeerd. Voor de 
derde subdoelstelling is de overleving van dialysepatiënten geanalyseerd en is de trend over 
tijd hiervan in relatie gebracht met de veranderingen van de dialyse techniekoverleving, 
dialyse modaliteitskeuze en (pre-emptieve) transplantatie activiteit in Europa. 

In Hoofdstuk 1 wordt een algemene introductie gegeven voor het onderzoek in dit 
proefschrift. De epidemiologie van nierfunctievervangende therapie voor eindstadium 
nierfalen in Europa wordt beschreven in Hoofdstuk 2. Dit hoofdstuk is een samenvatting 
van het jaarrapport van de ERA-EDTA Registratie uit 2009, en beschrijft de incidentie en 
prevalentie van HD, PD en niertransplantatie. Het totale aantal patiënten dat in 2009 met 
nierfunctievervangende therapie is gestart (incidentie), was 125 per miljoen populatie (pmp). 
De prevalentie in 2009, ofwel het aantal patiënten dat op 31 december 2009 behandeld 
werd met nierfunctievervangende therapie, was 730 pmp. Bij het vergelijken van de 
verdeling van de verschillende therapievormen, vonden we dat het gebruik van zowel HD (-
0.5%) als PD (-1.4%) tussen 2005 en 2009 daalde, terwijl het aandeel patiënten in leven na 
een succesvolle niertransplantatie met 1.8% was toegenomen. 

Voor de eerste subdoelstelling van dit proefschrift zijn de meningen van Europese 
nefrologen met betrekking tot de invloed van sociale, klinische en logistieke factoren op de 
besluitvorming over het al dan niet starten met nierfunctievervangende therapie 
geëvalueerd. Hiertoe is een online vragenlijst ontwikkeld die via de nationale verenigingen 
voor de nefrologie, of via de nationale nierregistraties is verstuurd naar nefrologen in 11 
Europese landen. De resultaten van het eerste deel uit dit onderzoek staan beschreven in 
Hoofdstuk 3. Dit eerste deel is gericht op redenen om met dialyse te starten en het bepalen 
van het optimale moment voor de start van dialyse. Op basis van de 433 volledig ingevulde 
vragenlijsten is geconcludeerd dat Europese nefrologen ernaar streven om bij patiënten 
zonder complicaties te starten met therapie wanneer de geschatte glomerulaire 
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filtratiesnelheid een waarde van 10.0 ml/min/1.73m2 (25e-75e percentiel, 8.0-10.0) heeft 
bereikt. De meerderheid van de respondenten beschouwt zijn of haar klinisch oordeel als 
belangrijkste factor in de beslissing om met nierfunctievervangende therapie te beginnen. 
De therapie wordt onmiddellijk gepland als er sprake is van levensbedreigende 
hyperkaliëmie, uremische pericarditis en overvulling die niet te behandelen is met 
medicijnen. De voorkeur van de patiënt en de aanwezigheid van vasculaire dementie zijn 
daarentegen  redenen om de start van therapie uit te stellen. 

Het tweede deel van de vragenlijst richtte zich op redenen om niet met 
nierfunctievervangende therapie te starten en de patiënt in plaats daarvan conservatief te  
behandelen. De resultaten van dit onderdeel worden in Hoofdstuk 4 besproken. De 
deelnemende Europese nefrologen schatten in dat aan maximaal 15% van alle patiënten in 
2009 een conservatieve behandeling werd gegeven. In 10% van de patiënten was het de 
beslissing van de nefroloog om een conservatieve behandeling aan te bieden, terwijl 
daarnaast 5% van de patiënten nierfunctievervangende therapie weigerde wanneer een 
nefroloog de intentie had om deze te starten. In de besluitvorming om niet met 
nierfunctievervangende therapie te starten werden de voorkeur van de patiënt, de 
aanwezigheid van ernstige klinische aandoeningen, vasculaire dementie en een lage fysieke 
functionele status als belangrijke factoren beschouwd. 

Subdoelstellingen 2 en 3 worden in de volgende hoofdstukken van dit proefschrift 
behandeld. Hiertoe worden de dialyse modaliteitskeuze voor verschillende patiëntgroepen 
en de verschillen in overleving tussen HD en PD patiënten beschreven. 

Hoofdstuk 5 beschrijft de relatie tussen patiëntoverleving en initiële dialyse modaliteit voor 
verschillende subgroepen van patiënten. Voor dit onderzoek werden gegevens van zeven 
nationale of regionale nierregistraties gebruikt die aanvullende data over comorbiditeit aan 
de ERA-EDTA Registratie hebben geleverd. De patiënten werden in subgroepen verdeeld 
op basis van de aanwezigheid van diabetes mellitus, cerebrovasculaire aandoeningen, 
perifeer vaatlijden, ischemische hartziekte of maligniteit.  
Over het algemeen was het starten met PD geassocieerd met een betere patiëntoverleving 
dan het starten met HD. Dit voordeel van PD nam echter af met een toenemend aantal 
comorbiditeiten en in de aanwezigheid van diabetes mellitus, ischemische hartziekte, 
perifeer vaatlijden of een cerebrovasculaire ziekte. Mannelijke patiënten met of zonder 
diabetes mellitus hadden betere overlevingskansen op PD, terwijl oudere vrouwelijke 
patiënten met diabetes op PD juist een slechtere overleving vertoonden. Over het algemeen 
was de keuze voor de eerste dialyse modaliteit in lijn met de verwachte overleving. Voor de 
meeste patiëntgroepen werd namelijk een lagere kans op behandeling met PD gevonden bij 
een overlevingsvoordeel voor HD en vice versa. Voor oudere patiënten, patiënten zonder 
diabetes en voor patiënten met een maligniteit vonden we echter een overlevingsvoordeel 
voor PD, terwijl deze patiënten ook een kleinere kans hadden om PD als eerste 
dialysemodaliteit te krijgen. 
Patiënten met diabetes mellitus zijn in meer detail bestudeerd in Hoofdstuk 6. In dit 
hoofdstuk werd de overleving van patiënten met diabetes mellitus als primaire oorzaak van 
nierfalen vergeleken met de overleving van patiënten met diabetes mellitus als comorbiditeit 
en met patiënten zonder diabetes mellitus. Na correctie voor leeftijd, geslacht, land van 
afkomst en de aanwezigheid van een maligniteit was de sterfte het hoogst voor patiënten 
met diabetes mellitus als primaire oorzaak van eindstadium nierfalen. Deze bevinding werd 
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zowel voor HD als PD patiënten aangetoond. 

Ook factoren op een nationaal niveau kunnen van invloed zijn op de keuze voor HD of PD 
als initiële dialysemodaliteit. Deze landspecifieke factoren werden onderzocht in Hoofdstuk 
7. Het onderzoek uit dit hoofdstuk maakt deel uit van de EVEREST studie (Explaining the 
Variation in Epidemiology of RRT through Expert opinion, Secondary data sources and 
Trends over time). Hierin werd data op landniveau gebruikt, afkomstig van 36 
nierregistraties wereldwijd, welke in staat waren om voor HD en PD patiënten afzonderlijk de 
incidentiegegevens te verstrekken over de periode van 2003 tot 2005. Macro-economische 
indicatoren werden verzameld uit de OESO en de WHO databases, terwijl zogenoemde 
nierzorg indicatoren met behulp van een vragenlijst werden uitgevraagd onder deskundigen. 
De belangrijkste doelstelling was om te bepalen welke patiëntkenmerken, macro-
economische factoren, en nierzorg indicatoren geassocieerd zijn met het percentage 
dialysepatiënten in een land dat nierfunctievervangende therapie start met PD. Het mediane 
percentage van patiënten die starten met PD was 12% (25e-75ste percentiel, 7-26%). De 
resultaten toonden aan dat een groter deel van de patiënten met diabetes mellitus als 
primaire nierziekte, verhoogde zorguitgaven als percentage van het bruto nationaal product 
per hoofd van de bevolking, een hoger aandeel van private HD centra en hogere kosten van 
de PD behandeling allen geassocieerd waren met een lager percentage patiënten wat 
dialyse start op PD. Met uitzondering van het aandeel patiënten met diabetische nefropathie 
suggereren deze bevindingen dat het mogelijk is om de initiële dialyse modaliteitskeuze te 
beïnvloeden door de organisatie van de gezondheidszorg en financiering. 

Tenslotte werden in Hoofdstuk 8 de trends van de patiëntoverleving per dialysemodaliteit  
tussen 1992 en 2011 bestudeerd. Hiervoor zijn de individuele patiëntgegevens van 12 
nierregistraties gebruikt die sinds 1992 volledige gegevens aan de ERA-EDTA Registratie 
aanleverden. De trends in incidentie en prevalentie voor HD, PD en transplantatie werden 
met behulp van zogenoemde joinpoint regressie analyse gekwantificeerd. Deze analyse 
identificeert tijdspunten waarop trends over de tijd veranderen van richting. De resultaten 
toonden aan dat de prevalentie van PD sinds 2001 is teruggelopen en dat de prevalentie 
van HD tot 2009 steeg maar daarna stabiliseerde. 

In het algemeen kan een lagere dialyse prevalentie veroorzaakt worden door een 
verminderde patiënt- of techniekoverleving, door meer transplantaties of door een daling van 
de dialyse incidentie. De trends in HD en PD prevalentie zijn in context van deze mogelijke 
verklaringen geplaatst. We toonden aan dat de 5-jaars patiëntoverleving op HD en PD en de 
5-jaars PD techniek overleving over de jaren heen zijn verbeterd, terwijl de kans om tijdens 
dialyse een niertransplantatie te krijgen gelijk is gebleven. De incidentie van patiënten die 
leven met een functionerend transplantaat is toegenomen, terwijl de incidentie van PD sinds 
2000, en van HD sinds 2009 is afgenomen. Dit betekent dat de enige verklaring voor de 
daling in PD gebruik de dalende incidentie sinds 2000 kan zijn. Deze resultaten suggereren 
dat met het oog op de verbeteringen van de patiënt- en techniekoverleving, maar ook in 
verband met de lagere kosten die de therapie met zich meebrengt, PD niet vermeden moet 
worden als eerste dialysemodaliteit. 

Hoofdstuk 9 vat de belangrijkste resultaten van de voorgaande hoofdstukken samen en 
plaatst ze in een breder perspectief door de implicaties voor de klinische praktijk en 
suggesties voor toekomstig onderzoek te bespreken. Concluderend, volgens Europese 
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nefrologen zijn patiëntvoorkeur en de klinische toestand van de patiënt de twee belangrijkste 
factoren in de besluitvorming over de vraag of en wanneer dialyse gestart moet worden. 
Patiëntgerichte studies zijn echter nodig om factoren te identificeren die door de patiënten 
zelf als belangrijk worden gezien. 
Ook voor wat betreft de keuze voor een eerste dialysemodaliteit moet vooral afgegaan 
worden op de voorkeur van de patiënt, mits contra-indicaties voor de dialysemodaliteit van 
voorkeur afwezig zijn. De patiëntoverleving op dialyse is in de afgelopen jaren verbeterd, 
vooral voor patiënten die dialyse startten met PD. Hoewel de verbeterde resultaten voor de 
meerderheid van de patiënten én de huidige economische druk op het budget voor de 
gezondheidszorg pleiten voor een toename in het PD gebruik, is de prevalentie van PD in 
Europa sinds 2001 gedaald. Verder onderzoek is nodig om te bepalen hoe het gebruik van 
PD als eerste dialysemodaliteit bij patiënten met eindstadium nierfalen gestimuleerd kan 
worden. 
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memorabele BAMO-avonden en avonturen, dat er maar snel weer goeie, zoetsappige films 
uit mogen komen! 
 
Lieve Tinus, in Nijmegen was je al mijn vaste sportmaatje en gelukkig hebben we dat ook in 
Utrecht doorgezet naar samen hardlopen/wandelen. We hebben al heel wat kilometers aan 
elkaar gekletst en laten we dat vooral blijven doen! 
 
Teveel om op te noemen, maar niet minder gewaardeerd, lieve “superfruitige” vrienden! Wat 
fijn om zo’n grote en diverse vriendengroep te hebben. Dank voor alle mooie momenten, 
borrels en feesten! De steeds weer van naam wisselende whatsapp-groep is steeds weer 
een mooi lichtpuntje gedurende de dag of nacht. Lieve Agnes, wat heb je toch een heerlijke 
no-nonsense en no-worries instelling, na een gesprek met jou, komt werkelijk alles weer 
goed! Ik kijk uit naar jouw boekje! Oh en Inge, om terug te komen op jouw vraag, ik ben 
inmiddels uitgediscussieerd! 
 
Annet, Inge en Katrien, wat is het een verademing om op de vrijdagavonden met jullie (en 
Dr. Chouffe en de bittergarnituur!!) de week door te nemen. We hebben samen een heuse 
zee getrotseerd, zijn met een bootje in het riet gestuurd, maar hebben vooral heel veel met 
elkaar gelachen. Dank daarvoor! Voor ons volgende avontuur heb ik nu weer tijd om te 
oefenen zodat ik volgende keer weer als een hinde van boot naar boot kan springen.  
Katrien, hoe fijn is het om voor of na het werk, in de trein of op de fiets, gepland of 
ongepland, met jou te sparren over vanalles en nog wat! Onze tenniscarrière staat dan even 
in de ijskast, momenten om bij te kletsen blijven er genoeg! 
 
Mijn paranimfen, Sylvia en Lonneke, wat fijn dat jullie op deze bijzondere dag aan mijn zijde 
willen staan! Lieve Syl, ik ben blij dat ik in het AMC bij jou op de kamer begonnen ben, dat 
was de basis van onze vriendschap! Ik kan altijd heel erg met je lachen, of we nu samen in 
jouw auto (met een omweg) naar huis rijden, of op een bosu-bal of step de dag doornemen, 
ik geniet ervan!  Dank ook voor je al je hulp bij de afronding!! 
Lieve Lon, ook onze vriendschap gaat al een tijdje terug, en wat hebben wij veel leuke 
dingen gedaan!! Steeds weer is het een feest als wij elkaar weer zien, en ik ben dan ook 
superblij dat jij voor mijn promotie naar Nederland wil komen. Dat maakt de dag compleet!  
 
Lieve schoonfamilie, met jullie is het nooit saai! Bedankt voor alle belangstelling en 
gezelligheid! Hannah, ik vind het heel bijzonder dat jij voor deze dag mijn jurk wilt maken, ik 
ben heel benieuwd naar het eindresultaat! Christi-Mari, Guido, Jana en Geert, bedankt dat 
bij jullie de koffie altijd klaar staat, bij jullie voel ik me thuis! 
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Beste Paul, er zijn flink wat verschillen in hoe we zijn en wat we doen, maar hoe dan ook 
ben ik trots op mijn grote broer! Heel veel succes met alle veranderingen de komende tijd!  
 
Lieve papa en mama, al bijna 30 jaar staan jullie recht achter mij. Jullie voorbeeld met een 
eigen kantoor, jullie belangstelling, liefde en steun hebben mij gemaakt wie ik ben. Dank 
jullie wel voor alles! 
 
Lieve Rian, ondanks dat jij niet van lezen houdt, hoop ik dat je in ieder geval in dit 
proefschrift tot hier weet te komen! Bedankt voor je geduld met mij tijdens drukke tijden en 
dagelijks na 22.10. Ik ben er trots op, hoe jij letterlijk en figuurlijk aan de weg timmert, maar 
voor er weer een nieuwe grote klus gaat gebeuren, gaan we eerst samen op reis!  
Ik hou van je! 
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