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Abstract
Incidence of kidney replacement therapy (KRT) stabilizes or declines both in Europe and in the US; however, it is predict-
able that global prevalence of KRT will double by 2030. In this paper, we focus on the patterns of incidence, mortality, 
and prevalence of KRT in Italy, and we compare, when possible, the findings with other countries. The Italian Dialysis and 
Transplantation Registry (IDTR) currently collects aggregate data from regional registries. In Italy, KRT yearly incidence is 
around 160 patients per million population (pmp). This incidence showed an increasing trend up until 2011 with an average 
annual percentage change (AAPC) of 1.8%, after which it stabilized. Older age is an important determinant for KRT inci-
dence, and it is strongly associated with the variability between Italian regions. Incidence is very stable within patients less 
than 50 years old; however, it greatly differs between regions for patients over 75 years old, ranging from 400 to 900 pmp. 
Moreover, the incidence for patients over 50 years old declined from 366 pmp in 2011 to 285 in 2017. An age-period-cohort 
(APC) model showed a very strong cohort effect, which shows the decline in incidence seems mainly due to the better health 
conditions of people born after 1940. Mortality rate in KRT patients was 109 per 1000 patient-year (py) between 2011 and 
2017 with great differences among treatment modalities: 162 per 1000 py in haemodialysis, 117 per 1000 py in peritoneal 
dialysis, and 16 per 1000 py in kidney transplantation. Premature death is better detected by the standard expected years of life 
lost (YLL). The distribution of YLL rate per age shows a sharp increase between 40 and 70 years old both in haemodialysis 
and peritoneal dialysis patients with an AAPC of 5.2% and 4.1% respectively. Transplanted patients experience a very low 
YLL rate at any age. KRT prevalence was 1118 pmp in 2017 and it should be close to 1175 pmp by 2025 with a projected 
increase of transplanted patients’ prevalence to 500 pmp, and a decrease of dialysis patients from 714 to 680 pmp. The pro-
portion of patients treated with one of the three modalities strictly depends on age, with a sharp increase of haemodialysis 
after the age of 50. All data suggests the necessity to improve the care of middle and older age patients who experience the 
higher incidence of disease and mortality.
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Introduction

Kidney replacement therapy (KRT) is a lifesaving treat-
ment for end stage kidney disease (ESKD). Its prevalence 
varies substantially between countries due to demographic 
changes, income, and prevalence of other chronic diseases 
(e.g., hypertension and diabetes). From a worldwide point 
of view, it is predictable that global prevalence of KRT will 
double by 2030 [1]. As opposed to some Eastern European 
countries that have not reached a gross domestic prod-
uct able to guarantee a universal access to KRT, in which 
acceptance rate may not be close to true incidence, Den-
mark, Austria and Norway have shown a decline in incidence 
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of this disease since 2008 [2]. However, this has not been 
reported in France [3]. The lack of a uniform trend across 
countries suggests a complex pattern of KRT incidence that 
makes it difficult to project the future on a wide geographic 
basis.

In this paper, we focus on the patterns of incidence, mor-
tality, and prevalence of KRT in Italy. In addition, we com-
pare, when possible, the findings with other countries.

The Italian Dialysis and Transplantation Registry (IDTR) 
currently collects aggregate data from regional registries. 
Six of twenty Italian regions have provided 5-year high qual-
ity detailed aggregate data of incidence, prevalence, and 
mortality along with primary kidney diseases and comor-
bidities since 2011. Other regions have provided less accu-
rate data. The composition of the collected data allows a 
nationwide estimate of the most important epidemiological 
measures with a coverage of approximately 90% of the Ital-
ian general population. The more detailed data constitutes a 
sample of about 20% of the Italian population which allows 
more accurate analyses.

Incidence

In Italy, KRT yearly incidence is around 160 per million 
population (pmp). This incidence showed an increasing 
trend until 2011 with an average annual percentage change 
(AAPC) of 1.8% (95% CI 1–2.5%). After this period, inci-
dence stabilized with a nonsignificant AAPC of − 1.5% 
(95% CI − 3.6 to 0.7%) (Fig. 1). Italy has shared this change 
of incidence trend with other European countries in the 
period between 2008 and 2011 [4].

The most relevant determinants of KRT incidence are dia-
betic kidney disease and hypertension [2]. These conditions 

were stable in Italy between 2011 and 2017, and each one 
accounted for 20% of new patients with a substantial uni-
formity between regions. The USRDS compares the inci-
dence of KRT and the incidence of KRT due to diabetic 
kidney disease between countries. It clearly shows that coun-
tries with the highest KRT incidence due to diabetic kidney 
disease have also the highest KRT incidence, highlighting 
diabetes mellitus as the predominant likely underlying cause 
of treated ESKD [5] (Table 1).

Older age is another important determinant and it 
is strongly associated with the variability of incidence 
observed among Italian regions. Moreover, if we look at 
age distribution of new KRT patients, we find that incidence 
is very stable and uniform within patients less than 50 years 
old; however, it greatly differs among regions for patients 
over the age of 75, ranging from 400 to 900 pmp, with a 
higher incidence over the age of 65. At last, we observed that 
the incidence over the age of 50 declined from 366 pmp in 
2011 to 285 in 2017 similarly to the trend observed in other 
countries (e.g., Denmark) [6].

The decline of incidence in patients over the age of 50 
was studied with an age-period-cohort (APC) model [7]. 
In this model, three tightly related factors affect the inci-
dence of ESKD: (1) age (age effect); (2) environmental or 
behavioral exposure occurring to a group of people born at 
the same time (cohort effect); (3) events (e.g., changes in 
treatment) occurring in the period of time in which people 
live (period effect).

The best model obtained shows a strong effect attributed 
to cohort, that is the decline in incidence seems mainly 
due to the better health conditions of people born after 
1940. This result aligns with the increasing life expectancy 
observed in Italy and in Europe. The APC model also allows 
the projection of incidence in the future, and it forecasts 
a substantial stability up to 2025 (Fig. 2). The results of 
this model heavily contrast with a compartmental approach 
based on diabetes, obesity, and hypertension prevalence in 
the US [8]. Specifically, this approach projects an increase of 
ESKD incidence by 11–18% up to 2030, despite the current 
decreasing incidence also in the US [5]. This contrast high-
lights the caution necessary to apply these models in prac-
tice. The countries that have higher incidence of ESKD due 

Fig. 1  Incidence of KRT in Italy from 1998 to 2017 expressed per 
million population. The points represent observed data, the line indi-
cates the trend estimated with joinpoint regression

Table 1  Incidence rate with diabetes mellitus percentage, prevalence 
and mortality rate of treated ESKD by country, 2017

NA not available

Country Incidence 
(pmp)

DM % Prevalence 
(pmp)

Mortality 
(per 1000 
py)

Italy 145 17.3 1118 109
Europe 127 23 854 NA
U.S 378 46.6 2161 134
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to diabetes show also the higher ESKD incidence [5]. One 
may hypothesize that diabetes drives the size of incidence, 
whereas age distribution over time drives yearly trend.

On a national basis, 86% of patients are treated with hae-
modialysis as first modality, 13.5% with peritoneal dialy-
sis, and 0.5% with pre-emptive transplantation; however, 
regional variability is extremely high. In fact, the propor-
tion of peritoneal dialysis ranges from 1 to 30% and is stable 
over time in each region with few exceptions. This denotes 
the lack of a national policy oriented to guarantee uniform 
opportunities in the choice of the treatment modality, which 
is not a unique problem to Italy [9, 10].

Mortality

Mortality rate in KRT patients was 109 per 1000 patient-
year (py) between 2011 and 2017 with great differences 
among treatment modalities. Specifically, it was 162 per 
1000 py in haemodialysis, 117 per 1000 py in peritoneal 
dialysis, and 16 per 1000 py in kidney transplantation. 
Mortality was very stable in the observed period and no 
significant change between years was detected with join-
point regression (Table 2). Even more interestingly, KRT 
mortality was exactly 109 per 1000 py in 2000, denoting a 
substantial stability in the first 2 decades of the century. In 
the same period adjusted mortality rates in the US decreased 
by 29% for dialysis patients. The net reductions in mortal-
ity from 2001 until 2016 were 28% for haemodialysis (HD) 
patients and 43% for peritoneal dialysis (PD) patients [5]. 
On the other hand, in Italy no improvement in KRT patients’ 
survival was observed. The improvement obtained in the 
US allowed mortality rates to approach the values observed 

in Italy in haemodialysis, but not to overcome them: data 
from 2013 to 2015 show that the mortality rate has stabi-
lized or even slightly increased [5]. In Japan, where almost 
all KRT patients are treated with haemodialysis [11], crude 
mortality is 9.7%, probably the lowest in the world. How-
ever, this KRT population includes patients that are usu-
ally transplanted in Europe or in the US, thus the results of 
these registries are not directly comparable. In any case it 
should be noted that the mortality rate observed in Japan is 
remarkably similar to the mortality rate observed in Italy 
and in many other European countries (i.e., 10%). Based on 
this, it may not be possible to estimate the lowest level of 
mortality that may be achievable, but some actions both in 
the conservative and in the replacement period are feasible 
to improve survival in KRT patients [12].

Another way to identify premature death is the standard 
expected years of life lost (YLL), a measure developed by 
the Global Burden of Disease Study [13]. The YLLs are 
based on comparing the age of death to an external standard 
life expectancy curve, they are measurable for a comprehen-
sive set of conditions and, as opposed to more traditional 
mortality measures (e.g., counts, rates, etc.), highlight pre-
mature deaths [14, 15].

The distribution of YLL rate per age shows a sharp and 
steep increase between 40 and 70 years of age both in HD 
and PD patients (Fig. 3), with an average percent change 
of 5.2% and 4.1% respectively. Conversely, transplanted 
patients experience the same low YLL rate at any age. Nota-
bly, no increase in YLL rate was observed between 40 and 
70 year-old patients that underwent transplant. As a result, 
any effort to reduce mortality must be focused mainly on 
older patients. In this range of age, patients may be not trans-
planted for two reasons: they are not suitable for transplan-
tation or they are waiting for the graft. The first hypothesis 
seems more reasonable since 23% of these dialysis patients 
are affected by diabetes and 20% by heart disease, whereas 
only 2% of transplanted patients are diabetic and 10% suf-
fer from heart disease. In the IDTR the comorbidities are 
recorded at KRT initiation and thus they pre-exist ESKD, 
therefore any action to reduce premature mortality in this 

Fig. 2  Incidence observed and predicted by the age-cohort-period 
model up to 2025 in patients older than 50. Data are expressed per 
million population. The continuous line represents the observed inci-
dence rates, the dashed line the predicted rates

Table 2  Mortality rate of KRT in Italy by year and treatment

Year KRT (per 
1000 py)

HD (per 1000 
py)

PD (per 1000 
py)

TX (per 
1000 py)

2011 110 154 112 15
2012 104 172 102 15
2013 95 159 93 10
2014 97 159 90 17
2015 95 157 110 15
2016 101 168 121 17
2017 99 165 119 22
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age group should be performed during pre-dialysis care. In 
Italy, public health plans are necessary to improve CKD care 
pathways and pre-emptive or early kidney transplantation by 
expanding the pool of living donors.

Prevalence

We would expect a slow increase in KRT prevalence, more 
evident in transplanted patients which experience the low-
est mortality rate, if the incidence is slightly higher than 
mortality and both are stable over time. This is exactly what 
happens: KRT prevalence shows a significant constant 
increase with an AAPC = 0.57% (95% CI 0.2–1.0) (Fig. 4), 
prevalence in haemodialysis significantly decreases with an 

AAPC = − 0.67 (95% CI − 1.2 to − 0.1), prevalence in peri-
toneal dialysis is constant over time, and kidney transplanta-
tion prevalence increases with an AAPC = 2.52% (95% CI 
1.7–3.3) (Table 3).

KRT prevalence was 1118 pmp in 2017, and under the 
assumption of a monotonic process it can be forecasted to 
be close to 1175 pmp by 2025 (Fig. 4). However, the preva-
lence of each modality of KRT is even more important to 
plan the future needs of the national renal system (Fig. 5). 
In 2017 transplanted patients’ prevalence was 404 pmp. By 
2025 we expect an increase to 500 pmp, with the prevalence 
of dialysis patients (HD and PD) decreasing from 714 to 680 
pmp. This prediction implies the necessity to adapt current 
resources to an evolving situation.

In Europe, dialysis accounts for 63% of prevalent patients 
and transplantation accounts for the other 37% [16]. In Italy 
these rates align, with 64% dialysis patients and 36% trans-
planted patient. France performs better (55% on dialysis, 
45% transplanted) [17], but in other countries, for example in 
Finland, transplanted patients represent 60% of the prevalent 
population.

Fig. 3  Years of life lost (YLL) at any age by haemodialysis, perito-
neal dialysis and kidney transplantation. Data are expressed as years 
per 100 patients

Fig. 4  Prevalence of KRT in Italy observed from 2011 and 2017 and 
predicted up to 2025 by the joinpoint regression model. Data are 
expressed per million population

Table 3  Prevalence of KRT in Italy by year and treatment

Year HD prevalence 
(pmp)

PD prevalence 
(pmp)

TX preva-
lence (pmp)

2011 656.5 70.8 345.1
2012 670.5 74.0 355.8
2013 664.6 79.0 361.3
2014 658.6 70.2 359.0
2015 650.4 80.4 373.8
2016 646.7 80.4 390.3
2017 636.4 77.3 404.4

Fig. 5  Prevalence in Italy by age and treatment modality (haemodi-
alysis, peritoneal dialysis and kidney transplantation) in 2017. Data 
are expressed per million population
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The proportion of patients treated with one of the three 
modalities strictly depends on age (Fig.  6): 60–70% of 
patients younger than 40 years are treated with kidney 
transplants, at 60 years old 50% of patients are treated with 
transplantation and 50% with dialysis, and over 80 years 
old almost all patients are treated with haemodialysis. The 
proportion of patients treated with peritoneal dialysis is con-
stant at any age and represents 7% of patients. The steep 
increase of the proportion of patients treated with haemodi-
alysis begins at 50 years and it corresponds to the increase 
in mortality highlighted by YLL. This group shows a high 
turnover that is not correctly captured by point prevalence, 
but it is better measured with period prevalence (higher by 
15% than point prevalence).

Conclusion

In the last decade, the debate about the challenges posed by 
the increase of ESKD highlighted that incidence had reached 
a plateau in developed countries, progressively increased in 
developing countries, and remains a problem still not faced 
in low income countries [18, 19]. The main causes of ESKD 
are obesity, diabetes, hypertension and cardiovascular dis-
ease [20], and they determine the need of KRT typically 
in the middle age and in the elderly. Glomerulonephritis, 
ADPKD and other renal-limited diseases provide a constant 
rate at any age.

In Italy, the stabilization of incidence common to other 
countries is observed mainly in patients older than 50 and 
it is explained by a cohort effect (i.e., we are now observing 
the results of what happened in the second half of last cen-
tury). This means that any action we may carry out now to 

decrease the impact of chronic non-communicable diseases 
will show its effect in the next half century.

Measured in YLL, patients older than 50 experience the 
highest rate of mortality, their access to kidney transplanta-
tion is limited mainly by clinical status, and often the burden 
of comorbidities precedes KRT. Closer attention must be 
paid to improve the care for these patients before the start 
of dialysis, and this should be one of the main goals in the 
coming years [21].
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