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Summary
Background and objectives Mortality on dialysis varies greatly worldwide, with patient-level factors explaining
only a small part of this variation. The aim of this study was to examine the association of national-level
macroeconomic indicators with the mortality of incident dialysis populations and explore potential explanations
through renal service indicators, incidence of dialysis, and characteristics of the dialysis population.
Design, setting, participants, & measurements Aggregated unadjusted survival probabilities were obtained from
22 renal registries worldwide for patients starting dialysis in 2003–2005. General population age and health,
macroeconomic indices, and renal service organization data were collected from secondary sources and
questionnaires. Linear modeling with log–log transformation of the outcome variable was applied to establish
factors associated with survival on dialysis.
Results Two-year survival on dialysis ranged from 62.3% in Iceland to 89.8% in Romania. A higher gross domestic
product per capita (hazard ratio=1.02 per 1000 US dollar increase), a higher percentage of gross domestic product
spent on healthcare (1.10 per percent increase), and a higher intrinsic mortality of the dialysis population (i.e.,
general population-derived mortality risk of the dialysis population in that country standardized for age and sex;
hazard ratio=1.04 per death per 10,000 person years) were associated with a higher mortality of the dialysis
population. The incidence of dialysis and renal service indicators were not associated with mortality on dialysis.
Conclusions Macroeconomic factors and the intrinsic mortality of the dialysis population are associated with
international differences in the mortality on dialysis. Renal service organizational factors and incidence of
dialysis seem less important.
Clin J Am Soc Nephrol 7: 1655–1663, 2012. doi: 10.2215/CJN.10461011

Introduction
There is considerable international variation in mortality
on dialysis, with patient-level factors such as age, primary renal disease, and comorbidities explaining only a
small part of the variation (1–4). Even when general
population mortality rates (5–7) and differences in treatment characteristics, such as the use of arteriovenous
ﬁstulae (8), are taken into account, a major part of the
variation in dialysis mortality remains unexplained.
Because renal replacement therapy (RRT) is an
expensive treatment, accounting for 2%–3% of the national healthcare budgets (9), macroeconomic factors
may also contribute to the explanation of the variation in mortality on RRT (10–13). The International
Study of Health Care Organization and Financing
(ISHCOF) examined the relationship between the annual expenditure per ESRD patient and mortality in 12
high-income countries but did not ﬁnd an association
(14). Furthermore, single country studies examining the
association of mortality with individual renal service
indicators provided contradictory results (15–17). Finally, to our knowledge, the association between national dialysis incidence rates, known to be affected by
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macroeconomic factors (18), and mortality on dialysis
has not been investigated to date.
In 2008, the Explaining the Variation in Epidemiology
of RRT through Expert Opinion, Secondary Data
Sources, and Trends over Time (EVEREST) study set
out to investigate the detailed interplay between economic characteristics of countries and their (1) incidence
of RRT, (2) dialysis modality mix, and (3) mortality on
dialysis (18,19). The primary aim of this paper is to
examine the association of a priori-selected macroeconomic indicators with mortality of incident dialysis patient populations. Analyses then explore potential
explanations for any association of macroeconomic determinants with mortality on dialysis and particularly,
the relationship between renal service indicators, the
incidence of dialysis and dialysis population characteristics, and the mortality in incident dialysis patients.

Materials and Methods
Data Collection
This EVEREST study used aggregated data from
22 countries across the globe for which the renal
Copyright © 2012 by the American Society of Nephrology
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registries were able to provide data on mortality on
dialysis.
Outcome Measure—Mortality. Renal registries in Europe annually submitting patient data to the European
Renal Association—European Dialysis and Transplantation Association registry gave permission for the calculation and use of their country-speciﬁc aggregated mortality
data. The other renal registries provided aggregated mortality data speciﬁcally for this study (19). Kaplan–Meier
tables for mortality on dialysis (censored for renal transplantation and end of follow-up, which was December 31,
2006) had to be calculated for all patients who started dialysis in 2003, 2004, and 2005 and were still alive on day
91. For Iceland, to limit random variability because of the
low number of patients, this period was extended to 2001–
2007. Because the national expert survey (19) focused on
dialysis-related organizational factors, 2-year mortality on
dialysis was adopted as the primary outcome.
Theoretical Framework. A theoretical framework
(Figure 1) was developed to summarize how macroeconomic determinants may be associated with mortality
of a country’s dialysis population. We hypothesized that
macroeconomic indicators are related to mortality on dialysis through both an incidence of dialysis pathway
(Figure 1, dotted lines) and a quality of dialysis care pathway (Figure 1, solid lines).
Primary Determinants of Mortality. National-level data
on determinants of mortality were collected for the period
2003–2005 (Table 1). We explored the impact of two macroeconomic indicators, gross domestic product (GDP) per
capita (adjusted for purchasing power parity, which eliminates the differences in price levels between countries)
and healthcare expenditure as a percentage of GDP, as
primary potential determinants of mortality.
Secondary Determinants of Mortality. To explore potential explanations for an association between macroeconomic factors and mortality on dialysis, we investigated
six national-level secondary determinants (Table 1)

representing renal service organization (three indicators),
incidence of dialysis, and characteristics of the incident dialysis population (two indicators). For the calculation of
the intrinsic mortality risk (Table 1) of the dialysis population, we used the general population mortality rates per
sex and 5-year age bands. These rates were multiplied
with the proportion of the corresponding sex and age
groups within the incident dialysis population of that
country and added, resulting in the intrinsic mortality
risk of the dialysis population of that country. This intrinsic mortality risk represents, at least in part, the selection
of dialysis patients in a speciﬁc country, with lower values
representing a patient population with better survival
prospects. For example, Romania has the highest general
population mortality risk. However, after standardization
to the very young dialysis population, Romania has the
third lowest intrinsic age- and sex-related mortality risk
on dialysis (Supplemental Table 1).
Potential Confounders. In the analysis of the association
between each of the eight primary and secondary determinants and the mortality on dialysis, the other seven
determinants were considered as potential confounders. In
addition, we considered a number of additional nationallevel indicators for the same 2003–2005 period as possible
confounders (Table 1).
Additional information on indicators and methods used
for data collection for the EVEREST study has been
published previously (19).
Data Analysis
The association between each determinant and the 2-year
mortality on dialysis was analyzed using univariable and
multivariable linear modeling. To be able to analyze
mortality probabilities using linear modeling, we performed log–log transformation, where log is the natural
logarithm. The estimated coefﬁcients were then transformed back to the original scale, and they can be interpreted as hazard ratios (HRs) (20).

Figure 1. | Theoretical framework of the different indicator groups and their hypothesized relation with the survival on dialysis through two
different pathways. Considering the incidence of dialysis pathway, macroeconomic indicators may be associated with the health status of the
general population in a country as well as its renal service organization. Both macroeconomic factors and the health status of the general
population have been shown to be associated with the incidence of renal replacement therapy (RRT) (18). Moreover, they are likely to be
associated with the characteristics of the incident dialysis population, because a higher incidence frequently goes hand in hand with the
inclusion of more high-risk patients (26,28). The latter has shown to be related to mortality on dialysis (1,2,44). Considering the quality of
dialysis care pathway, we hypothesized that macroeconomic indicators and the organization of renal services may directly be linked with the
quality of dialysis care, something that has previously been known to be related to mortality on dialysis (10,44,45).
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To investigate the possibility of an independent relationship between each determinant and the 2-year mortality on
dialysis, an etiological approach was adopted (21). Therefore, for each determinant, we constructed a separate linear model, in which all other indicators were considered as
possible confounders. A maximum of two confounders per
model was allowed because of the small number of participating countries (n=22) (22). Potential confounders
were selected using recognized criteria for confounding
(23). In addition, collinear confounders and confounders
that caused less than 10% change in the b-value of the
determinant were excluded from the models. Finally, for
each determinant, a multivariate linear model was constructed using the strongest two confounders based on
the percentage change in the b-value of the determinant
after adding the potential confounder to the univariable
linear model. All assumptions for linear modeling were
tested and found to be satisﬁed.
For sensitivity analyses, we repeated all analyses using
the following outcome measures: the 3-year mortality on
dialysis, the 2-year mortality on RRT, and the 2-year
mortality on dialysis for those younger and older than
65 years. Potential confounders were adapted to match the
different outcome measures (e.g., in the analyses of mortality on RRT, we used the mean age at the start of RRT).
The number of observations and the number of variables
available did not allow the study of separate associations of
macroeconomic indicators with mortality through the
different pathways.
Statistical analyses were performed using SPSS version
16.0 and SAS version 9.2.

Results
Supplemental Table 1 presents the countries and their
variable values and ranking positions together with the
overall median for the 2-year mortality on dialysis and
the determinants. The countries were ranked by their 2year mortality on dialysis. Figure 2 shows that the 2-year
survival on dialysis ranged from 62.3% in Iceland to 89.8%
in Romania. For patients younger than 65 years at the start
of dialysis, it ranged from 75.8% (United States) to 92.5%
(Japan), and for those patients older than 65 years at the
start of dialysis, it ranged from 47.9% (Iceland) to 81.0%
(Romania).
Primary Analyses
Table 2 presents the HRs derived from univariable and
multivariable linear models (after backtransformation
from log–log-transformed outcome variables) for the association between the potential determinants and 2-year
mortality of a country’s dialysis population.
Primary Determinants (Macroeconomic Determinants). In the multivariable analyses, a 1000 US dollar
higher GDP per capita was associated with a 2.3% (95%
conﬁdence interval [CI]=0.2%–4.5%) higher mortality risk,
whereas a 1% increase in the healthcare expenditure as a
percentage of GDP was related to a 10.3% (95% CI=3.5%–
17.5%) higher mortality risk.
Secondary Determinants.
Renal Service Organization Determinants. The private
for-proﬁt share of hemodialysis (HD) facilities, HD facility
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reimbursement as proportion of GDP per capita, and the
number of prevalent dialysis patients per nephrologist
were not associated with mortality on dialysis.
Incidence of Dialysis. Although the incidence rate of
dialysis was associated with a higher mortality on dialysis
in univariable analysis, there was no association after
adjustment for healthcare expenditure as a percentage of
GDP and the responsiveness index (Table 2).
Characteristics of the Incident Dialysis Population.
There was no association between the percentage of the
incident dialysis population with diabetic nephropathy
and mortality. There was, however, an association between
the intrinsic age- and sex-related mortality risk of the
dialysis population and mortality on dialysis in the
univariable and multivariable analyses; in both models,
each additional death per 10,000 person years corresponded with a 3.8% (95% CI=0.9%–6.9%) higher mortality risk.
Sensitivity Analyses
The models with 3-year mortality on dialysis (n=20) and
2-year mortality on dialysis for patients starting dialysis
above the age of 65 years (n=22) as outcome measures
provided similar results compared with the analyses of
2-year mortality on dialysis. However, in the subgroup
of patients younger than 65 years, the determinants that
were found to be associated with 2-year mortality on dialysis (n=22) lost their statistical signiﬁcance.
The linear models with 2-year mortality on RRT as the
outcome measure (n=20) showed similar results compared
with the 2-year mortality on dialysis models, although
GDP per capita was less clearly associated with 2-year
mortality on RRT (per 1000 US dollar, HR=1.018, P=0.12).

Discussion
Using data from 22 countries across the globe, we
explored whether a priori-selected national-level macroeconomic indicators were associated with the 2-year mortality
of a country’s incident dialysis population. Remarkably,
our results showed that a higher GDP per capita and a
higher healthcare expenditure as a percentage of GDP
were associated with a higher 2-year mortality on dialysis.
Secondary analyses showed that none of the renal service
indicators and the percentage of diabetic nephropathy
were associated with mortality on dialysis. However, a
higher intrinsic mortality risk of the dialysis population
was associated with a higher mortality on dialysis.
Macroeconomic Determinants
As shown in Figure 1, we hypothesized that GDP per
capita and healthcare expenditure as a percentage of GDP
were associated with mortality of a country’s dialysis population through both an incidence of dialysis pathway
and a quality of dialysis care pathway.
Association with Mortality on Dialysis through the
Incidence of Dialysis Pathway. The ﬁrst step on this
pathway constitutes the association between macroeconomic indicators and the incidence of dialysis, either
directly or through the health status of the general
population. An earlier EVEREST paper (18) conﬁrmed results from the ISHCOF study that higher values for
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Table 1. Description and source of the available macroeconomic indicators, general population health indicators, renal service
organization indicators, incidence of dialysis, and incident dialysis population characteristics

Primary determinants
Macroeconomics
GDP per capita ppp

Healthcare expenditure as
a percentage of GDP
Secondary determinants
Renal service organization
Private for-proﬁt share of HD
facilities
HD facility reimbursement
as proportion of GDP per capita
Prevalent dialysis patients
per nephrologist
Incidence of dialysis
Incident dialysis population
characteristics
Percentage diabetes as
primary renal disease
Intrinsic age- and sexrelated mortality risk of
incident dialysis population

Additional possible confounders
Macroeconomic
Human development index

Responsiveness index

Public share of healthcare
expenditure
General population health
status indicators
Cardiovascular mortality
Life expectancy at age
60 years
Renal service organization
indicators
HD facility reimbursement
method
Prevalent dialysis patients
per dialysis center

Description

Source

GDP per capita in US dollars (adjusted for ppp,
which eliminates the differences in price
levels between countries). Measure of
national wealth.
Percentage of GDP (i.e., national wealth) spent
on healthcare.

WHO HFA database,
OECD Health database,
WHO SIS database

Percentage of chronic outpatient HD facilities
owned by the private (nongovernmental)
for-proﬁt sector.
Average annual reimbursement rate for main
center HD, including reimbursement of the
nephrologist as a proportionof GDP per capita.
Average number of prevalent dialysis patients
per nephrologist.
Crude incidence rate of dialysis per million
population at day 91.
Percentage of incident patients with diabetes
mellitus as the cause of ESRD.
Measure of the background mortality risk of
the national dialysis population; based on the
mortality of the general population and age
and sex standardization (using 5-year age
bands) of the incident dialysis population of
that country. This intrinsic mortality risk has
been identiﬁed as a determinant of mortality
in RRT patients (6,7).

Combines indicators of life expectancy,
education, and income to create a validated
composite score of a nation’s state of
development (46).
Indicator of healthcare system performance,
with elements capturing respect for dignity,
conﬁdentiality, autonomy, prompt attention,
quality of amenities, incidence of social
support networks,and choice of provider (47).
Public expenditure as a percentage of total
expenditure on healthcare.

WHO HFA database,
OECD Health database,
World Bank NHP Stats

Expert questionnaire
Expert questionnaire; not
available for New
Zealand
Expert questionnaire
Renal registry

Renal registry
Registry data and WHO
mortality tables. Not
available for Taiwan

Available from www.hdr.
undp.org
WHO

WHO HFA database,
OECD Health database,
World Bank NHP Stats

Cardiovascular mortality rates for the general
population.
Thenumber of years an individual at 60 yearsold
would be expected to live.

WHO mortality tables; not
available for Taiwan
Eurostat and OECD data;
not available for Taiwan

Facility reimbursement method (activity
based versus global budget).
Average number of prevalent dialysis patients
per dialysis center.

Expert questionnaire
Expert questionnaire
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Table 1. (Continued)

Incident dialysis population
characteristics
Mean age
Percentage of males

Description

Source

Mean age of the incident dialysis population.
Percentage of males of the incident dialysis
population.

Renal registry
Renal registry

GDP, gross domestic product; ppp, purchasing power parity; WHO, World Health Organization; HFA, Health for All; OECD, Organization for Economic Cooperation and Development; SIS, Statistical Information System; NHP, National Health Policy; HD, hemodialysis; RRT, renal replacement therapy.

macroeconomic indicators were associated with a higher
incidence of RRT (14). Both studies highlighted the differences between high- and low-income countries in the
health status of their general populations and the availability of RRT as potential explanations.
Our univariable results showed that a 10 per million
population increase in the incidence rate of dialysis was
associated with a 2% increase in the 2-year mortality on
dialysis. After adjustment for healthcare expenditure as a
percentage of GDP and the responsiveness index, this association was no longer present, suggesting that incidence of
dialysis may, indeed, act as an intermediate (24) in the pathway between macroeconomics and mortality on dialysis.
Furthermore, the incidence of dialysis in a country is
associated with the characteristics of the dialysis population (25,26), which in turn, may be related to mortality on
dialysis. Our results showed that a higher intrinsic ageand sex-related mortality risk of the incident dialysis population was associated with higher mortality on dialysis.
For example, in this study, Romania, the country with the
lowest mortality on dialysis, had the lowest incidence of
dialysis, which went together with the lowest mean age,
the lowest percentage of patients with diabetic nephropathy, and also, one of the lowest intrinsic mortality risks of
the dialysis population. However, the United States, the
country with the third highest mortality on dialysis, had
the second highest incidence of dialysis, the highest percentage of patients with diabetes, and a very high percentage of comorbid diseases (3) as well as patients starting
dialysis while living in a nursing home (27). A high incidence may, therefore, be a sign of a higher acceptance of
patients with a poor health condition, with a low incidence
raising the possibility that some of these higher-risk patients are opting not to have dialysis or are not being accepted for dialysis (28). This relation was seen with the
introduction in Taiwan in 1995 of a national health insurance system (26,29). This introduction led to an abrupt increase of the incidence of dialysis as well as an increase in
mortality on dialysis because of the acceptance of more
patients with a poor health condition.
Our data did not show an association between the
percentage of patients with diabetic nephropathy and mortality on dialysis. Although this failure to show an association
could not be accounted for by differences in the percentage of
patients with missing or unknown causes of ESRD, miscoding may have contributed to the dilution of an effect.
Finally, another country feature affecting dialysis patient
characteristics is the kidney transplant rate. A high trans-

plant rate will leave the older and less healthy patients on
dialysis and thus, result in a lower survival on dialysis.
Information on transplant rates was unfortunately lacking
for many participating countries, although this information
has been published for some countries. Iceland and Norway are known to have relatively high pre-emptive transplant rates (11% and 13%, respectively) (30) compared with
the rest of Europe (3%) (30) and the United States (2%)
(31). If countries were to be reranked according to RRT
mortality instead of dialysis mortality (Supplemental Table 1), Norway would shift from the 21st to the 13th position, whereas Iceland’s position would not change.
However, Japan, with the second lowest mortality on dialysis, is known to have a very low (pre-emptive) transplant rate (31), leaving all their relatively healthy patients
on dialysis (25).
Association with Mortality on Dialysis through the
Quality of Dialysis Care Pathway. Macroeconomic indicators may also be associated with the mortality of a
country’s dialysis population through the quality of dialysis care, either directly or through the organization of
renal services.
Our analyses did not show an association between a
country’s private for-proﬁt share of HD facilities and mortality on dialysis. Although others have reported a higher
mortality in for-proﬁt HD facilities (15,16), our results conﬁrm the ﬁndings in the work by Foley et al. (17). Our analyses failed to show an association between the annual HD
facility reimbursement rate as proportion of a country’s
GDP and mortality on dialysis. An earlier EVEREST paper
(18) did show that higher levels of this determinant were
associated with a lower incidence of RRT, but we found no
studies relating this renal service indicator to mortality on
dialysis. Furthermore, our results did not show an association between the number of prevalent patients per nephrologist and the mortality on dialysis. Although to our
knowledge, this relationship has not previously been examined, there are two publications reporting the lack of a
relationship between the frequency of patient–physician
contact for dialysis care and mortality (32,33).
Although the EVEREST study could not collect comparable data on quality of care, such data are available for
some participating countries from Dialysis Outcomes and
Practice Patterns Study (DOPPS) analyses. Indeed, DOPPS
reported a higher mortality on HD to be associated with
lower average treatment time per HD session (34), lower
rates of arteriovenous ﬁstula use (8), lower rates of prenephrology visits (35), and lower percentages of patients
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Figure 2. | Two-year mortality is widely distributed across the world. Distribution of 2-year dialysis survival probabilities for all patients (top
panel), patients younger than 65 years at the start of dialysis as first renal replacement therapy (RRT; middle panel), and patients older than 65
years at the start of dialysis as first RRT (bottom panel).

within the guidelines for parathyroid hormone, serum
phosphorus, serum calcium, and calcium–phosphorus
product (36). These DOPPS publications also suggest that
the United States (the country in EVEREST with the second highest GDP per capita and the highest healthcare
expenditure as a percentage of GDP) provides lower quality of dialysis care (8,34,35) than other countries and that
this quality is associated with higher mortality on dialysis.
The apparently counterintuitive conclusion to be drawn

from both EVEREST and DOPPS, therefore, seems to be
that higher spending on healthcare is associated with neither higher quality of dialysis care nor lower mortality on
dialysis. Why might this be?
A potential explanation is that, in general, higher
spending does not necessarily result in more effective
care (37). The work by Wennberg et al. (38) examined why
Medicare paid more than two times as much per person
for healthcare in some US regions than other regions. He
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Table 2. Hazard ratios (HRs) for 2-year mortality on dialysis (n=22)

Univariable Model

Primary determinants
Macroeconomic
GDP per capita ppp
(per 1000 USD)
Healthcare expenditure
as percentage of GDP
(per 1%)
Secondary determinants
Renal service organization
Private for proﬁt share
of HD facilities (per 1%)
HD facility
reimbursement rate as
proportion of GDP per
capita (per year, per 1.0)
Prevalent dialysis
patients per
nephrologist (per 10)
Incidence of dialysis
Incidence of dialysis
(per 10 pmp)
Percentage diabetes
as primary renal
disease (per 1%)
Intrinsic age- and sexrelated mortality risk
of incident dialysis
population
(per 1 death/10,000
person years)

Multivariable Model

Hazard Ratioa

P

Adjusted for
Confoundersb

Hazard Ratioa

P

1.021 (1.007–1.034)

0.007

1.023 (1.002–1.045)

0.05

1.129 (1.069–1.192)

0.001

Health expenditure
percent GDP
responsiveness index
HDI
GDP per capita

1.103 (1.035–1.175)

0.007

0.997 (0.992–1.003)

0.35

None

NA

0.973 (0.762–1.243)

0.83

None

NA

0.996 (0.959–1.034)

0.83

None

NA

1.023 (1.002–1.045)

0.04

0.976 (0.943–1.011)

0.19

1.002 (0.987–1.017)

0.83

Health expenditure
percent GDP
responsiveness index
Responsiveness index
incidence of dialysis

0.985 (0.967–1.002)

0.10

1.038 (1.009–1.069)

0.02

None

NA

GDP, gross domestic product; ppp, purchasing power parity; HD, hemodialysis; NA, not applicable (because there were no variables
qualifying as confounders; univariable relationships were, therefore, considered as independent); pmp, per million population.
a
Because a log–log transformation was performed on the mortality probabilities, the exponent of the coefﬁcients can be interpreted as
hazard ratios.
b
The variables listed comprise all of the confounders included in the model.

reported a strong association between higher spending
and greater use of supply-sensitive care and a lack of association between more spending and more effective care
(deﬁned as services with use that is supported by wellarticulated medical theory and strong evidence for efﬁcacy). Another explanation may be provided in the work
by Van Biesen et al. (39): in Belgium, higher spending on
healthcare stimulates treatment of ESRD and discourages
preventive strategies and early referral to the nephrology
unit. In the DOPPS analyses that examined predialysis nephrology visits, Belgium was the only country with lower
rates than the United States (35). The implication is that
such countries might focus more on tertiary prevention
(restoring function and alleviating symptoms) than primary or secondary prevention (avoiding disease or attempting to diagnose and treat it in its early stages).
Finally, we wish to bring up another potential but more
controversial explanation. Many of the current practice

guidelines stimulate higher spending, but in dialysis patients, adherence to such guidelines may not necessarily
result in better outcomes. Although controversial, this explanation would be supported by the many negative trials
conducted in dialysis patients that were published over
the last decade (40–43).
Limitations of the Study
Although this study included all national renal registries
in the world that had mortality data available, the countrylevel approach resulted in a maximum of 22 observations
being available for analysis. As a consequence of the
limited power, we may have missed real associations for
some determinants. The study relied on existing general
population, macroeconomic, and renal registry data.
Where possible, internationally recognized secondary
data sources, such as the World Health Organization and
Organization for Economic Cooperation and Development,
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were used, but in a small number of cases, national data
(identiﬁed and approved by the national collaborator as
best available) were accepted when these were not available (details in ref. 19). The difﬁculty to obtain standardized data restricted the number of variables that could be
investigated. The potential for variation in deﬁnitions and
data validation between renal registries also needs to be
acknowledged, but again, every effort has been made to
assess the quality of the data provided and exclude countries where data were considered unreliable. Prevalence of
comorbid diseases among the dialysis population, a potential factor inﬂuencing mortality, was not available for a
large number of countries. Also, kidney transplant rates
were not available for all countries, and this rate is something that is likely to be an important factor affecting mortality of the dialysis population. However, sensitivity
analyses using the 2-year mortality on RRT also showed
an association for healthcare expenditure as a percentage
of GDP with mortality on RRT.
National-level macroeconomic factors seem to be important determinants of international differences in mortality on
dialysis. Potential complementary explanations include a
more liberal acceptance policy among richer nations, perhaps
mediated through reimbursement policies that favor hightechnology treatments rather than preventive care. Furthermore, EVEREST data suggest the importance of taking into
account the general population-derived intrinsic age- and
sex-related mortality risk as a dialysis patient characteristic
in survival comparisons across countries. Although the effect
of national-level macroeconomic indicators on population
health would be difﬁcult for nephrologists to inﬂuence, a
better understanding of how these indicators are associated
with mortality of a country’s dialysis population may guide
future health policy to improve patient outcomes.
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Feest T, Kramar R, Leivestad T, Briggs JD, Stengel B, Jager KJ: Confounding effect of comorbidity in survival studies in patients on renal
replacement therapy. Nephrol Dial Transplant 22: 187–195, 2007
5. Kuhlmann MK, Yoshino M, Levin NW: Differences in cardiovascular mortality rates among hemodialysis patients in the
United States and Japan: The importance of background cardiovascular mortality. Hemodial Int 8: 394–399, 2004
6. van Dijk PC, Zwinderman AH, Dekker FW, Schön S, Stel VS,
Finne P, Jager KJ: Effect of general population mortality on the
north-south mortality gradient in patients on replacement therapy in Europe. Kidney Int 71: 53–59, 2007
7. Yoshino M, Kuhlmann MK, Kotanko P, Greenwood RN, Pisoni RL,
Port FK, Jager KJ, Homel P, Augustijn H, de Charro FT, Collart F,
Erek E, Finne P, Garcia-Garcia G, Grönhagen-Riska C, Ioannidis
GA, Ivis F, Leivestad T, Løkkegaard H, Lopot F, Jin DC, Kramar R,
Nakao T, Nandakumar M, Ramirez S, van der Sande FM, Schön S,
Simpson K, Walker RG, Zaluska W, Levin NW: International
differences in dialysis mortality reflect background general
population atherosclerotic cardiovascular mortality. J Am Soc
Nephrol 17: 3510–3519, 2006
8. Pisoni RL, Arrington CJ, Albert JM, Ethier J, Kimata N, Krishnan M,
Rayner HC, Saito A, Sands JJ, Saran R, Gillespie B, Wolfe RA, Port
FK: Facility hemodialysis vascular access use and mortality in
countries participating in DOPPS: An instrumental variable
analysis. Am J Kidney Dis 53: 475–491, 2009
9. De Vecchi AF, Dratwa M, Wiedemann ME: Healthcare systems
and end-stage renal disease (ESRD) therapies—an international
review: Costs and reimbursement/funding of ESRD therapies.
Nephrol Dial Transplant 14[Suppl 6]: 31–41, 1999
10. Foley RN, Hakim RM: Why is the mortality of dialysis patients in
the United States much higher than the rest of the world? J Am Soc
Nephrol 20: 1432–1435, 2009
11. Kjellstrand CM, Blagg CR: Differences in dialysis practice are the
main reasons for the high mortality rate in the United States
compared to Japan. Hemodial Int 7: 67–71, 2003
12. Lameire N: Management of the hemodialysis patient: A European
perspective. Blood Purif 20: 93–102, 2002
13. Kerr PG: International differences in hemodialysis delivery
and their influence on outcomes. Am J Kidney Dis 58: 461–470,
2011
14. Dor A, Pauly MV, Eichleay MA, Held PJ: End-stage renal disease
and economic incentives: The International Study of Health Care
Organization and Financing (ISHCOF). Int J Health Care Finance
Econ 7: 73–111, 2007
15. Garg PP, Frick KD, Diener-West M, Powe NR: Effect of the
ownership of dialysis facilities on patients’ survival and referral
for transplantation. N Engl J Med 341: 1653–1660, 1999
16. Irvin RA: Quality of care differences by ownership in United
States renal dialysis facilities. ASAIO J 46: 775–778, 2000
17. Foley RN, Fan Q, Liu J, Gilbertson DT, Weinhandl ED, Chen SC,
Collins AJ: Comparative mortality of hemodialysis patients at forprofit and not-for-profit dialysis facilities in the United States,
1998 to 2003: A retrospective analysis. BMC Nephrol 9: 6, 2008
18. Caskey FJ, Kramer A, Elliott RF, Stel VS, Covic A, Cusumano A,
Geue C, Macleod AM, Zwinderman AH, Stengel B, Jager KJ:
Global variation in renal replacement therapy for end-stage renal
disease. Nephrol Dial Transplant 26: 2604–2610, 2011
19. Caskey FJ, Stel VS, Elliott RF, Jager KJ, Covic A, Cusumano A,
Geue C, Kramer A, Stengel B, MacLeod AM: The EVEREST study:
An international collaboration. NDT Plus 3: 28–36, 2010
20. Arends LR, Hunink MG, Stijnen T: Meta-analysis of summary
survival curve data. Stat Med 27: 4381–4396, 2008

Clin J Am Soc Nephrol 7: 1655–1663, October, 2012

21. Tripepi G, Jager KJ, Dekker FW, Zoccali C: Testing for causality
and prognosis: Etiological and prognostic models. Kidney Int 74:
1512–1515, 2008
22. Tripepi G, Jager KJ, Dekker FW, Zoccali C: Linear and logistic
regression analysis. Kidney Int 73: 806–810, 2008
23. Jager KJ, Zoccali C, Macleod A, Dekker FW: Confounding: What
it is and how to deal with it. Kidney Int 73: 256–260, 2008
24. van Stralen KJ, Dekker FW, Zoccali C, Jager KJ: Confounding.
Nephron Clin Pract 116: c143–c147, 2010
25. Friedman EA: International comparisons of survival on dialysis:
Are they reliable? Hemodial Int 7: 59–66, 2003
26. Yang WC, Hwang SJ; Taiwan Society of Nephrology: Incidence,
prevalence and mortality trends of dialysis end-stage renal disease in Taiwan from 1990 to 2001: The impact of national health
insurance. Nephrol Dial Transplant 23: 3977–3982, 2008
27. Lambie M, Rayner HC, Bragg-Gresham JL, Pisoni RL, Andreucci
VE, Canaud B, Port FK, Young EW: Starting and withdrawing
haemodialysis—associations between nephrologists’ opinions,
patient characteristics and practice patterns (data from the Dialysis Outcomes and Practice Patterns Study). Nephrol Dial
Transplant 21: 2814–2820, 2006
28. McKenzie JK, Moss AH, Feest TG, Stocking CB, Siegler M: Dialysis decision making in Canada, the United Kingdom, and the
United States. Am J Kidney Dis 31: 12–18, 1998
29. Hwang SJ, Tsai JC, Chen HC: Epidemiology, impact and preventive care of chronic kidney disease in Taiwan. Nephrology
(Carlton) 15[Suppl 2]: 3–9, 2010
30. Registry ERA-EDTA: ERA-EDTA Registry Annual Report 2003–
2005, Amsterdam, The Netherlands, Academic Medical Center,
Department of Medical Informatics, 2007
31. US Renal Data System: USRDS 2009 Annual Data Report: Atlas of
Chronic Kidney Disease and End-Stage Renal Disease in the United
States, Bethesda, MD, National Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases, 2009
32. Xu Y, Dong J, Zuo L: Is frequency of patient-physician clinic
contact important in peritoneal dialysis patients? Perit Dial Int 29
[Suppl 2]: S83–S89, 2009
33. Plantinga LC, Fink NE, Sadler JH, Levey AS, Levin NW, Rubin HR,
Coresh J, Klag MJ, Powe NR: Frequency of patient-physician
contact and patient outcomes in hemodialysis care. J Am Soc
Nephrol 15: 210–218, 2004
34. Saran R, Bragg-Gresham JL, Levin NW, Twardowski ZJ, Wizemann
V, Saito A, Kimata N, Gillespie BW, Combe C, Bommer J, Akiba T,
Mapes DL, Young EW, Port FK: Longer treatment time and slower
ultrafiltration in hemodialysis: Associations with reduced mortality
in the DOPPS. Kidney Int 69: 1222–1228, 2006
35. Hasegawa T, Bragg-Gresham JL, Yamazaki S, Fukuhara S,
Akizawa T, Kleophas W, Greenwood R, Pisoni RL: Greater firstyear survival on hemodialysis in facilities in which patients are
provided earlier and more frequent pre-nephrology visits. Clin J
Am Soc Nephrol 4: 595–602, 2009
36. Young EW, Akiba T, Albert JM, McCarthy JT, Kerr PG,
Mendelssohn DC, Jadoul M: Magnitude and impact of abnormal
mineral metabolism in hemodialysis patients in the Dialysis
Outcomes and Practice Patterns Study (DOPPS). Am J Kidney Dis
44[Suppl 2]: 34–38, 2004
37. OECD: Health at a Glance 2011: OECD Indicators, 2011.
Available at: http://www.oecd.org/dataoecd/6/28/4910585.
Accessed March 6, 2009

Global Variation in Dialysis Survival, Kramer et al.

1663

38. Wennberg JE, Fisher ES, Skinner JS: Geography and the debate
over Medicare reform [published online ahead of print February
13, 2002]. Health Aff (Millwood) doi:10.1377/hlthaff.w2.96
39. Van Biesen W, Lameire N, Peeters P, Vanholder R: Belgium’s
mixed private/public health care system and its impact on the
cost of end-stage renal disease. Int J Health Care Finance Econ 7:
133–148, 2007
40. Fellström BC, Jardine AG, Schmieder RE, Holdaas H, Bannister K,
Beutler J, Chae DW, Chevaile A, Cobbe SM, Grönhagen-Riska C,
De Lima JJ, Lins R, Mayer G, McMahon AW, Parving HH,
Remuzzi G, Samuelsson O, Sonkodi S, Sci D, Süleymanlar G,
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(1)
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Table 1. Variable values for each country and their ranking positions, ranked by a country’s two-year mortality on dialysis.
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27.4
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27.5
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28.4
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28.5
(13)
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(14)

31.5
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33.5
(16)

33.6
(17)

34.6
(18)

34.9
(19)

36.0
(20)

36.6
(21)

37 7
(22)

Outcome measure
Two-year mortality of a country’s
dialysis population

.

.

Primary determinants
Macroeconomic
GDP per capita ppp (USD)
Health expenditure as percentage
of GDP (%)

8593 28747 21667 23268 31520 26081 29072 29229 33424 29305 9812 8335 30094 33188 30527 31887 23945 32737 30966 39822 45234 32526
29700
(8)
(4)
(5)
(15)
(7)
(9)
(10) (20) (11)
(3)
(1)
(12) (19) (13) (16)
(6)
(18) (14) (21) (22) (17)
(23776 - 32579) (2)
9.2
(8.3 - 9.7)

4.1
(1)

8.1
(4)

8.6
(7)

8.5
(6)
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(11)
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(3)
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(21)
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22
(0 - 39)
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(11)
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(20)
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(12)

0
(1)

15
(10)
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(19)

0
(1)
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(17)

2
(8)
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(15)
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(22)
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(18)
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(12)

0
(1)

0
(1)

0
(1)
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(16)

23
(12)

2
(8)

77
(20)

0
(1)

0
(1)

1.4
(0.9 - 1.9)

1.7
(14)

1.5
(13)

1.9
(17)

NA
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(3)

1.1
(8)

1.8
(15)
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(4)

0.4
(1)

2.0
(19)
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(5)

1.1
(10)

1.4
(11)

1.9
(16)

2.4
(20)

1.5
(12)

1.0
(6)

1.0
(7)

2.7
(21)

0.6
(2)

1.9
(18)

1.1
(8)

62.1
(40.6 - 89.9)

24.1
(4)

57.9
(12)

26.7
(5)

96.1 102.1 22.6
(17) (18)
(3)

60.0
(13)

71.5 112.8 21.6
(16) (20)
(2)

54.0
(11)

21.4 172.2 63.6
(1)
(22) (15)

46.9
(9)

53.3
(10)

30.0 107.9 38.0 168.0 61.4
(7)
(19)
(8)
(21) (14)

28.0
(6)

117
(85 - 153)

50
(1)

232
(20)

119
(13)

108
(10)

98
(8)

65
(4)

92
(7)

349
(22)

146
(17)

117*
(11)

134
(15)

†

134
(16)

65
(3)

90
(6)

160
(18)

117
(12)

171
(19)

129.3 103.3 295.4 80.4
(14)
(9)
(21)
(5)

60.3
(2)

Secondary determinants
Renal service organization
The private for-profit share of HD
facilities (%)
HD facility reimbursement rate
(per year as proportion of GDP per
capita)
Prevalent dialysis patients per
nephrologist (N)
Incidence of dialysis
Incidence of dialysis (pmp)

Incident dialysis population characteristics
Percentage diabetes as primary
renal disease (%)

24.3
(20.8 - 34.3)

10.0
(1)

41.3
(20)

21.7
(7)

41.3
(20)

29.4
(14)

23.2
(10)

34.2
(17)

39.0
(19)

34.6
(18)

21.3
(6)

30.4
(15)

22.9
(9)

19.0
(5)

16.5
(4)

23.8
(11)

22.8
(8)

28.6
(13)

33.2
(16)

24.9
(12)

44.1
(22)

15.3
(3)

12.0
(2)

Intrinsic age- and sex-related
mortality risk of incident dialysis
population (per 10000 person years)

27.2
(25.2 - 30.1)

21.0
(3)

25.9
(7)

29.2
(12)

15.3
(1)

21.0
(2)

24.6
(5)

21.7
(4)

NA

26.3
(8)

30.3
(17)

31.7
(19)

29.9
(16)

26.8
(10)

26.4
(9)

34.9
(21)

29.7
(13)

32.5
(20)

25.9
(6)

29.8
(15)

27.2
(11)

30.5
(18)

29.8
(14)

Ranking position 1 corresponds with the lowest value for each of the variables
†

NA: not applicable as there was no value available; Incidence of RRT; * Incidence based on data from 7 regions
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Table 1. Continued.

Additional possible confounders
Macroeconomic
Human development index
(scale 0 - 1)
Responsiveness index
(scale 0 - 10)
Public share of health care
expenditure (%)

0.949
0.813 0.953 0.917 0.943 0.962 0.949 0.952 0.895 0.961 0.952 0.869 0.852 0.946 0.953 0.946 0.949 0.926 0.948 0.956 0.951 0.968 0.968
(0.924 - 0.954) (1)
(16)
(5)
(7)
(20) (11) (14)
(4)
(19) (14)
(3)
(2)
(8)
(16)
(8)
(11)
(6)
(10) (18) (13) (22) (21)
6.8
(6.1 - 7.0)

5.4
(1)

7.0
(19)

6.0
(4)

6.7
(8)

6.9
(13)

6.2
(6)

6.8
(9)

NA

7.0
(17)

6.8
(10)

5.9
(3)

5.9
(2)

6.5
(7)

6.9
(16)

6.8
(10)

7.1
(20)

6.1
(5)

6.9
(13)

6.9
(15)

8.1
(21)

7.0
(17)

6.8
(12)

76.6
(65.8 - 83.1)

100
(21)

81.8
(15)

76.6
(11)

78.0
(13)

66.8
(6)

70.9
(8)

77.1
(12)

NA

70.2
(7)

79.5
(14)

47.1
(4)

37.7
(1)

86.3
(20)

64.8
(5)

72.3
(9)

84.2
(18)

44.6
(2)

75.5
(10)

84.9
(19)

45.8
(3)

83.6
(17)

82.5
(16)

General population health status indicators
Cardiovascular mortality
(per 10000 person years)

30.4
(24.6 - 38.5)

75.0
(19)

24.9
(5)

36.8
(13)

27.4
(7)

24.1
(3)

28.8
(9)

38.4
(15)

NA

23.0
(1)

25.5
(6)

24.0
(2)

32.1
(11)

37.4
(14)

27.6
(8)

NA

NA

46.3
(18)

41.1
(16)

44.1
(17)

29.9
(10)

34.1
(12)

24.1
(3)

Life expectancy at age 60 (years)

22.6
(21.7 - 23.4)

18.2
(1)

24.9
(21)

21.0
(4)

23.1
(14)

23.7
(19)

23.4
(17)

22.6
(12)

NA

23.3
(16)

23.7
(19)

20.4
(2)

20.8
(3)

22.1
(6)

22.1
(6)

22.2
(8)

21.3
(5)

22.2
(8)

22.5
(11)

23.2
(15)

22.3
(10)

23.0
(13)

23.6
(18)

68.2 %
31.8 %

A

G

A

G

A

A

A

G

A

A

A

A

A

A

A

G

A

G

G

A

A

G

286
(177 - 572)

212
(8)

560
(16)

203
(7)

574
(18)

572
(17)

121
(2)

244
(10)

682
(19)

686
(20)

115
(1)

451
(14)

174
(5)

1015
(21)

296
(12)

276
(11)

323
(13)

213
(9)

527
(15)

179
(6)

1190
(22)

169
(4)

134
(3)

Renal service organization indicators
HD facility reimbursement method
- Activity based (A)
- Global budget only (G)
Prevalent dialysis patients per
dialysis centre (N)

Incident dialysis population characteristics
Mean age (years)

62.6
(61.1 - 63.8)

55.2
(1)

66.4
(21)

61.2
(6)

58.0
(2)

60.8
(5)

62.7
(12)

59.7
(3)

62.3
(10)

63.5
(15)

65.6
(20)

62.6
(11)

60.6
(4)

61.7
(7)

61.8
(8)

66.6
(22)

62.1
(9)

65.5
(19)

63.1
(14)

64.3
(18)

62.7
(12)

63.5
(15)

63.7
(17)

Percentage males (%)

60.4
(55.9 - 62.6)

55.6
(5)

63.5
(19)

55.4
(4)

60.0
(11)

59.4
(8)

62.3
(17)

64.3
(20)

49.8
(2)

59.7
(10)

61.2
(14)

55.9
(6)

47.4
(1)

61.4
(15)

61.7
(16)

59.3
(7)

63.4
(18)

60.8
(13)

60.7
(12)

65.1
(21)

54.9
(3)

67.8
(22)

59.4
(8)

Ranking position 1 corresponds with the lowest value for each of the variables
NA: not applicable as there was no value available;
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