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Abstract
Background. During the last few decades the mean age of
subjects on chronic dialysis (CD) significantly increased.
The effects of these changes on mortality rates, causes of
death, early and long-term predictors for mortality have not
yet been clarified. We analysed this issue through a study
performed over a period of 12 years.
Methods. We studied 8977 patients enrolled on the Lazio
Dialysis Registry (Italy) in 1995–2006. We analysed annual
mortality rates, causes of death, probability and determi-
nants of the survival.
Results. The overall mortality rate was 14.6 deaths (95%
CI: 14.2–14.9) per 100 person-years on CD, remaining
essentially unchanged over the 12-year period, despite a
5-year increase in the median age. A reduction in mortality
was found for patients >74 years from 29.8 (95% CI: 24.8–
34.9) in 1995 to 22.5 (95% CI: 20.0–25.1) in 2006. No
statistically significant differences were found over time in
annual mortality rates by cause of death. The probability of
survival was 0.86 1 year after starting dialysis and 0.33 after
12 years. We found a higher association between haema-
tocrit levels, serum albumin, self-sufficiency and survival
within 1 year of dialysis and between diabetes and survival
after 1 year.
Conclusions. The finding that the mortality rate of CD
patients did not change over the last 12 years, despite con-
comitant and significant ageing of patients, supports the
public health policy of providing CD to very old subjects.
The identification of the clinical factors that predict survival
underlines the role of clinicians in preventing and treating
these conditions after the start of CD.
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Introduction

Patients on chronic dialysis (CD) have much higher mor-
tality rates than those of the general population [1,2]. In
the last 10 years, there have been significant advances in
technology and the quality of CD procedures and improve-
ments in managing anaemia, arterial hypertension, vascular
access and uraemia/replacement therapy-related complica-
tions, such as osteodystrophy, and cardiovascular diseases
[3,4]. As a consequence, patients previously considered un-
suitable for treatment, because of old age or associated co-
morbid conditions, now can be considered for CD [5–7]. On
the other hand, in recent decades significant demographic
changes have occurred in the populations of all industrial-
ized countries. Life expectancy has improved significantly
and the elderly population has progressively increased. In
Italy, the population aged over 65 years increased from
13.1% in 1980 to 19.7% in 2006 [8]. Similar demographic
changes have been observed in the population of subjects
receiving CD. The proportion of incident patients aged
over 65 years in Europe increased from 22% in 1980 to
55% in 2005, according to the European Renal Association
Dialysis and Transplantation (ERA-EDTA) Registry [9,10],
with an increase in the patients with age-related vascular
nephropathies and diabetic nephropathy [6,9,11–13].

The effects of these changes on the mortality rate and the
causes of death of CD patients have not yet been clarified.
There is little data on this subject and it is limited to a few
countries [2,14–16].

The present study aimed at analysing the death rate and
the causes of death over a period of 12 years and at identify-
ing the predictors of early and long-term mortality among
patients receiving CD in an Italian region.

Subjects and methods

Study population and data source

The study population comprised all subjects with end-
stage renal disease in CD between 1 January 1995 and
31 December 2006, in dialysis units in Lazio, a region in
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central Italy that includes Rome, and has 5.5 million inhab-
itants.

The source of data was the Lazio Dialysis Registry
(RDL), an area-based population registry that started in
1994 [17,18].

The RDL collects detailed information of all patients
undergoing CD, including demographics, primary renal di-
agnosis, dialytic modality and clinical information. The
primary cause of renal disease and causes of death were
classified by nephrologists according to the ERA-EDTA
codes [12]. Nephrologists established the presence of co-
morbid diseases (up to four) at the beginning of CD, from a
list of broad diagnostic categories. The information about
diabetes is referred both as a primary cause of renal dis-
ease and as a comorbidity. The information about date and
cause of death was declared by nephrologists and checked
through a record linkage with the discharge abstracts of
Hospital Information System of the Lazio region that col-
lects data about all admissions to any hospital in the region.

The RDL collects information from the initiation of dial-
ysis treatment and at fixed days once a year (i.e. June 30
from 1995 to 1998 and December 31 from 1999 to 2003),
through the use of standardized forms completed by a
nephrologist; since 2004 patient information was updated
via the internet every 3 months.

All dialysis units in the Lazio region must send informa-
tion to the RDL in order to be reimbursed for dialysis fees
by the Lazio Regional Health Authority.

Statistical analysis

We calculated the mortality rates per 100 person-years by
calendar year as the ratio of deaths, also taking into account
the persons at risk on dialysis during the same time period.

The analyses about survival refer to the cohort of pa-
tients who started dialysis between 1 January 1995 and
31 December 2006.

We excluded from the analyses all subjects with a follow-
up period shorter than 91 days, to avoid possible acute dial-
ysis cases, which may have been incorrectly recorded as
chronic at the RDL, to reduce the effect of early mortal-
ity immediately after starting dialysis therapy and also to
prevent the potential biases related to the difference in fre-
quency and modality in updating RDL information before
and after the year 2004 [19].

Survival analyses and Cox models were performed on
8471 patients.

The median follow-up period of the cohort was
34 months [mean: 42.6 months; standard deviation (SD):
33.7)].

We calculated survival curves based on the time since
starting CD using the Kaplan–Meier method; the analysis
shown in Figures 3 and 4 was performed for subjects <65
and ≥65 years old, respectively, stratified into two cohorts
by period of starting CD (i.e. 1995–2000 and 2001–2006).

As we did not have information about the follow-up of
transplanted subjects they were censored at the date of trans-
plantation.

Furthermore, two different Cox proportional hazards re-
gression analyses were performed to identify independent
risk factors (information from when CD began), for death

within 1 year of dialysis (model 1) and after 1 year on di-
alysis up to a maximum of three follow-up years (model 2).

We performed two separate models because preliminary
analyses have shown that the effect of the variable ‘year
of incidence starting CD’ was not proportional over time
and was different between the first year of dialysis and
following ones.

For the two models, we categorized the years of inci-
dence in two periods: 1995–2000 and 2001–2006. In these
models, we also evaluated the following factors: age at the
start of dialysis, gender, presence of diabetes, HCV status,
haematocrit level (i.e. <30%, ≥30%), serum albumin level
(i.e. <3.5, ≥3.5 g/dl) and degree of self-sufficiency (i.e. a
Karnofsky modified).

We selected for the two models the potential confound-
ing variables associated with the outcome that reached a
significance level of P < 0.20 at univariate analysis. We
could consider only diabetes as comorbidity, because it was
a unique comorbid condition collected by RDL since 1995.

Kaplan–Meier curves were performed truncating the
follow-up at 3 years since dialysis start to homogenize the
time at risk for each cohort, but it should be noted that
the observation period was on average shorter for the last
cohort.

All analyses were performed using STATA software [20].

Results

Population characteristics

Baseline characteristics of 8471 people who started CD
between 1 January 1995 and 31 December 2006, strati-
fied for the period of incidence in CD, are summarized in
Table 1.

The mean age was 63.6 years (SD 16.1), and 92.7%
started treatment with haemodialysis modality. The mean
age of incident patients in 1995 was 60.8 years compared to
66.8 years in 2006, and 54.1% were over 65 years in 1995
compared to 62.4% in 2006.

The percentage of incident patients with diabetes and
with vascular nephropathy as a primary cause of renal
disease increased from 14.0% in 1995 to 20.0% in 2006
and from 14.3% in 1995 to 22.9% in 2006, respectively,
while the proportion of patients with glomerulonephritis
decreased from 19.2 to 12.1%.

Most patients (88%) were treated in dialysis units where
they received a medical evaluation at the beginning of every
dialytic session (data not shown in table).

The number of prevalent patients in RDL increased
significantly between 30 June 1995 (N = 2835) and
31 December 2006 (N = 4118). At the same time, the
proportion of patients over 74 years of age increased over
time from 14.3% in 1995 to 32.4% in 2006 (data not shown
in table).

Mortality rates in 1995–2006

Figure 1 shows the annual mortality rate per 100 person-
years on CD by age group from 1995 to 2006. The mean
annual mortality rate over the entire period was 14.6 deaths
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Table 1. Baseline characteristics of chronic dialysis incident patients, by period of incidence in CD. Lazio Dialysis Registry, 1995–2006

Period of incidence in CD

1995–2000 2001–2006 Total

Characteristic N % N % N % P

Gender 0.05
Male 2455 61.2 2821 63.3 5276 62.3
Female 1558 38.8 1637 36.7 3195 37.7

Age group (years) <0.001
<65 1843 45.9 1803 40.4 3646 43.0
≥65 2170 54.1 2655 59.6 4825 57.0

Primary cause of renal disease <0.001
Glomerulonephritis 655 16.3 520 11.7 1175 13.9
Interstitial nephritis 356 8.9 295 6.6 654 7.7
Polycystic renal disease 360 9.0 367 8.2 727 8.6
Renal malformation 19 0.5 30 0.7 49 0.6
Vascular renal disease 759 18.9 1060 23.8 1819 21.5
Diabetes 636 15.8 814 18.3 1450 17.1
Systemic disease 127 3.2 143 3.2 270 3.2
Other nephropathies 140 3.5 150 3.3 290 3.4
Uncertain 958 23.9 1079 24.2 2037 24.0

Diabetes∗ <0.001
No 3201 79.8 3369 75.6 6570 77.6
Yes 812 20.2 1089 24.4 1901 22.4

Haematocrit (%) <0.001
≥30 1628 40.6 2936 65.9 4564 53.9
<30 2283 56.9 1491 33.4 3774 44.5
Unknown 102 25 31 0.7 133 1.6

Serum albumin level (g/dl) <0.001
≥3.5 2753 68.6 3043 68.3 5796 68.4
<3.5 882 22.0 1340 30.1 2222 26.2
Unknown 378 9.4 75 1.7 453 5.4

HCV serologic test∗∗ 0.53
Negative 3695 92.1 4121 92.4 7816 92.3
Positive 318 7.9 337 7.6 655 7.7

Degree of self-sufficiency∗∗∗ <0.001
Sufficient 2395 59.7 2841 63.7 5236 61.8
Not sufficient 1618 40.3 1617 36.3 3235 38.2

∗Diabetes here refers both as primary renal disease and comorbidity.
∗∗HCV, hepatitis C virus.
∗∗∗Modified from the Karnofsky index: we considered ‘not self-sufficient’ a patient who needed help with all activities of daily living.

(95% CI: 14.2–14.9) per 100 person-years on dialysis. The
mortality rates remained essentially unchanged over the
last 12 years: from 15.1 deaths (95% CI: 13.7–16.6) per
100 person-years on dialysis in 1995 to 13.6 deaths (95%
CI: 12.5–14.8) in 2006 (data not shown in table).

However, a statistically significant reduction (P = 0.01)
of the mortality rate was found for patients >74 years from
29.8 (95% CI: 24.8–34.9) in 1995 to 22.5 (95% CI: 20.0–
25.1) deaths per 100 person-years on dialysis in 2006 (data
not shown in table).

The mortality rates according to the causes of death from
1995 to 2006 are shown in Figure 2.

No statistically significant differences were found over
time in annual mortality rates by the cause of death. The
higher overall mortality rates per 100 person-years on dialy-
sis were for cardiovascular disease [9.2 (95% CI: 8.9–9.5)],
malnutrition–cachexia [1.2 (95% CI: 1.1–1.3)] and infec-
tious diseases [0.63 (95% CI: 0.55–0.70)].

However, stratifying patients by age, we observed that in
the over 74 years age group, the mortality rate for cardio-
vascular disease significantly decreased (P = 0.01) from
20.0 (95% CI: 15.9–24.2) deaths per 100 person-years on

dialysis in 1995 to 14.0 (95% CI: 11.8–16.2) deaths in 2002
and it remained substantially unchanged through 2006 [15.5
(95% CI: 13.4–17.6)] (data not shown in figure).

Survival of 1995–2001 and 2001–2006 cohorts

Over the entire period we observed 3344 deaths in the co-
hort; probability of survival was 0.89 (95% CI: 0.88–0.90)
after 1 year since starting CD, 0.79 (95% CI: 0.78–0.79) af-
ter 2 years, 0.70 (95% CI: 0.69–0.71) after 3 years and 0.34
(95% CI: 0.32–0.36) after 12 years. The median survival
was 72 months.

Figure 3 shows the cumulative probability of surviving
the first 3 years for patients <65 years old who started CD
in the periods 1995–2000 and 2001–2006. We observed a
higher probability (log-rank test, P = 0.06) for the 2001–
2006 (0.85; 95% CI: 0.83–0.87) than for the 1995–2000
(0.83; 95% CI: 0.81–0.85) cohort.

Figure 4 shows the cumulative probability of surviving
the first 3 years for patients ≥65 years old who started
CD in the periods 1995–2000 and 2001–2006. The survival
curves significantly differ among the periods (log-rank test,
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Fig. 1. Mortality rate by age. Lazio Dialysis Registry, 1995–2006.

Fig. 2. Mortality rate by the cause of death. Lazio Dialysis Registry, 1995–2006.
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Fig. 3. Survival estimates of patients <65 years old, by period of starting chronic dialysis. Lazio Dialysis Registry, 1995–2006.

Fig. 4. Survival estimates of patients ≥65 years old, by period of starting chronic dialysis. Lazio Dialysis Registry, 1995–2006.
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Table 2. Adjusteda hazard ratio for time to death in the first year and after 1 year of chronic dialysis. Lazio Dialysis Registry, 1995–2006

Within 1 year After 1 year up to 3 years

Factors Hazard ratio 95% CI Hazard ratio 95% CI

Gender
Female 1.00 – 1.00 –
Male 1.18 1.02–1.37 1.19 1.06–1.33

Age at start of dialysis (years)
<65 1.00 – 1.00 –
≥65 2.05 1.70–2.45 2.39 2.08–2.75

Diabetes
Absent 1.00 – 1.00 –
Present 1.12 0.95–1.30 1.40 1.24–1.58

HCV
Negative 1.00 – 1.00 –
Positive 1.14 0.90–1.46 1.24 1.03–1.49

Haematocrit (%)
≥30 1.00 – 1.00 –
<30 1.47 1.29–1.74 1.12 0.99–1.26

Serum albumin (g/dl)
≥3.5 1.00 – 1.00 –
<3.5 1.69 1.45–1.94 1.25 1.11–1.41

Degree of self-sufficiency
Self-sufficient 1.00 – 1.00 –
Not self-sufficient 2.69 2.30–3.18 1.95 1.73–2.20

Period of incidence in CD
1995–2000 1.00 – 1.00 –
2001–2006 1.11 0.96–1.29 0.77 0.68–0.87

aIn the model each variable was adjusted for all the other variables shown in the table.

P < 0.001). In particular, the probability was significantly
higher for the 2001–2006 cohort (0.64; 95% CI: 0.62–0.66)
compared to the 1995–2000 (0.56; 95% CI: 0.54–0.58).

The results of the Cox proportional hazard analyses for
1 year and after 1-year up to 3 years time to death, adjusted
for year of dialysis, age at the start of dialysis, gender,
diabetic and HCV status, haematocrit, serum albumin and
degree of self-sufficiency are shown in Table 2.

We found that low haematocrit levels, low serum albumin
levels and not being self-sufficient were stronger indicators
of dying in the first year of dialysis than later. In contrast,
the magnitude of the association of diabetes and HCV status
with the risk of death increased after the first year of dial-
ysis. Furthermore, we found a lower adjusted risk of death
after the first year of dialysis for the 2001–2006 cohort
compared to 1995–2000.

Discussion

The present study shows that the overall mortality rate in
patients receiving CD in the Italian region of Lazio did
not change significantly over the last 12 years (from 15.1
deaths per 100 person-years on dialysis in 1995 to 13.6
in 2006), despite a concomitant significant increase in the
age of the dialytic population (mean 5 years). This finding
may be at least in part explained by the better conditions
of the patients at the start of dialysis in recent years, as
suggested by a higher proportion of subjects with higher
serum albumin and haematocrit level and degree of self-
sufficience.

However, the mortality rate significantly decreased over
time in patients over 74 years of age, from 29.8 deaths per
100 person-years in 1995 to 22.5 in 2006.

Our results seem in accordance with those of other reg-
istries. The Canadian National Registry shows that the
estimated life expectancy of elderly patients (≥65 years)
starting dialysis improved by 15–20% from 1990–1994 to
1995–1999, well in excess of increases seen among elderly
people in the general Canadian population over the same
period [21]. Likewise, the 2005 report of the Japanese So-
ciety for Dialysis Therapy demonstrates that the mortality
rate has remained at 9.2–9.7% in the previous 10 years; the
annual gross mortality rate was 9.5% at the end of 2005
[14]. In other countries, the mortality rate has even fallen
over time. In fact, in the United States, the mortality rate
among prevalent dialysis patients decreased by ∼15% in
2005 since its peak in 1988 [16].

In the present study, we did not find statistically signifi-
cant differences over time in annual mortality rates by the
cause of death. In accordance with many previous studies,
cardiovascular diseases were the most frequent causes of
mortality among dialysis patients, accounting for ∼50% of
deaths [2,14–16,21]. In addition, we did not observe signif-
icant differences in cardiovascular mortality rates over time.
However, after stratifying by age, we found that the cardio-
vascular mortality rates significantly decreased from 1995
to 2002 in patients over 74 years. This decrease is likely to
be the main cause of the reduction of mortality observed
among patients over 74 years in the present population. It
can be hypothesized that the efforts spent in recent years
for a better control of blood pressure and anaemia and the
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more frequent and/or appropriate use of cardio-protective
drugs may have played a significant role [3,4,22–24].

We found that malnutrition–cachexia was the second
most frequent cause of death. There is no consensus con-
cerning the therapeutic strategies aimed at improving nu-
tritional status and the nutrition-related clinical outcome in
such patients. This translates into difficulties in clinically
managing malnutrition and may explain the frequency it
was reported as the cause of death [25,26].

The observation that infections were the third cause of
death confirms that they are important causes of morbidity
and mortality in ESRD patients, a result that should demand
attention by clinicians [2,14–16].

In the present study, we also analysed the effect of the
period of the start of CD on mortality. The crude 3-year
survival analysis by Kaplan–Meier was significantly higher
(P < 0.0001) for the more recent cohort (after 2000) in sub-
jects aged >65 years, while a slight significant difference
(P = 0.06) was found in younger subjects. In addition, we
performed two different Cox proportional hazards regres-
sion analyses to define independent risk factors for death
within 1 year and for those surviving at least 1 year and up to
3 years, in patients who started dialysis between 1995–2000
and 2001–2006. These analyses showed no statistically sig-
nificant differences in the independent risk of death within
the first year of dialysis between the two periods. However,
for patients surviving the first year of dialysis, we observed
a higher risk of death for those who began CD in 1995–
2000 than for patients who started replacement treatment
between 2001 and 2006. The hypothesis is that ‘selected’
patients, who survived more than 1 year, benefit from the
significant improvements in dialytic technology, uraemia
management and treatment of dialysis-related complica-
tions [3,4,22–24]. A French study found an excess death
in first year after CD began than in following years, partly
explained by the selection of patients with lower risk of
death by time after first dialysis [2,27].

The strengths of our study include a large population
with a long-term follow-up. To the best of our knowledge,
this is one of the few studies that have recently evaluated
early and long-term survival in an European population
of dialysis patients [2]. A further strength is that we had
access to detailed data of all dialysis patients of our region,
confirming that a population registry of CD patients is a
powerful epidemiological tool to monitor survival rates.

However, there are some limitations in this study. First,
we analysed data collected at the start of dialysis, and we
did not take into account changes over time. Particularly,
the effect of comorbidities on mortality after the first year
of chronic dialysis may have been underestimated. Second,
we did not have reliable information about comorbidities
for prevalent patients in the first years of RDL history, so
we choose not to adjust for covariates other than age when
we estimated mortality rates.

Third, before 2004, the Registry collected information
once a year, whereas, after 2004, every 3 months. However,
in this regard, we excluded from the analyses all subjects
with a follow-up period shorter than 91 days to minimize the
effect of early mortality immediately after starting dialysis
therapy and the potential biases related to the difference in
frequency and modality in updating RDL information [19].

Fourth, the median follow-up time for the 2001–2006 co-
hort is shorter than the 1995–2000 one because very few pa-
tients who began CD during 2004–2006 have completed the
3-year follow-up period. However, Kaplan–Meier curves
and Cox regression model should minimize this problem
because these statistical techniques take into account that
persons at risk diminish as time increases. If censoring is
independent from the event (in this case death), the estimate
is reliable. We expressed the uncertainty about the estimate
through the confidence intervals, reported in results, cal-
culated taking into account the persons at risk during each
time period.

Conclusions

In summary, the present study shows that the mortality rate
in patients with end-stage renal disease, who receive CD
in the Lazio region of central Italy, did not significantly
change over the last 12 years, despite a concomitant and
significant increase in the age of the dialytic population.

However, the mortality rate significantly decreased over
time in patients over 74 years of age and this was essentially
due to a decrease in the cardiovascular mortality rate.

Our data seem to support the public health policy of
countries, such as Italy, that provides CD to very old pa-
tients. However, it is necessary to integrate social and public
health policies to obtain beneficial results for the special
needs of this subpopulation [7].

The observation that some factors (i.e. anaemia, hypoal-
buminaemia, diabetes) are relevant and independent predic-
tors of survival underlines the role of clinicians, who should
develop strategies to prevent and treat these conditions in
their dialysis patients, addressing also to specific geriatric
problems [7,28–30].
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Members of the Lazio Dialysis Registry (on 1 July 2008):

Addessi MA, Alfarone C, Ancarani E, Apollinari E, Ajam
MF, Baldinelli G, Balducci A, Barbera G, Barbera V, Barone
P, Battista ML, Beraldi MP, Bernardi P, Boccia E, Bravi M,
Brunetti G, Bruno F, Buono A, Busicchio P, Calabria S,
Canulla F, Caschera M, Castellano F, Cavarretta L, Cecilia
A, Cerigioni A, Cesari C, Chamoun GM, Cherubini C,
Chiappini MG, Clemenzia G, Colandrea G, Colombo R,
Condò S, Costantini S, Cuzziol C, D’Adamo G, De Bella
E, De Cicco C, De Virgiliis G, Della Grotta F, Di Giulio S,
Di Legge R, Di Lullo L, Di Silva A, Di Toro Mammarella
R, Emma F, Esposto C, Esposto G, Falcone C, Faraglia F,
Felice C, Felicioni R, Feliziani C, Feriozzi S, Ferrazzoli F,
Festa A, Filippini A, Fini R, Firmi G, Flammini A, Fontana
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M, Hassan Sabri, Iacono R, Iamundo V, Iorio L, Lauro
R, Luciani R, Malaguti M, Manca di Villahermosa S,
Manieri M, Mariano V, Marin M, Marinelli A, Marinelli
R, Marrocco F, Mastroippolito S, Mauro LM, Mauro MM,
Merigliano V, Meschini L, Messia AG, Militello A, Misiti
L, Morabito S, Morosetti M, Moscoloni M, Murrone
P, Nacca R, Nazzaro L, Nigro A, Ordonez DA, Pace G,
Palumbo R, Panzieri G, Paolozzi G, Paparella M,
Parravano M, Pasquarelli C, Pelosi M, Petrosillo N, Picca S,
Poggi A, Polisena L, Polito P, Pugliese F, Pulcinelli G, Puliti
ML, Punzo G, Retico E, Ricco C, Rifici N, Roccasalva
G, Rodriguez I, Rossi L, Rossi V, Rossini D, Rubesta R,
Santoboni A, Scaccia F, Scarmozzino P, Sergi MG, Simeoni
PG, Simone E, Simonelli R, Soleti Francesco, Spagnolini
Antonella, Spallino Carmelina Fulvia, Spaziani Massimo,
Spinelli C, Staffolani E, Startari S, Sturniolo A, Taccone
Gallucci M, Torre MC, Treglia A, Triolo L, Tuderti F, Tulli
F, Turchetta L, Valentini W, Valeri M, Vancini C, Vastano
S, Vega A, Vitaliano E, Zanfini C, Zazzaro D, Zilahi de
Gyurgyokai G and Zugaro A.
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