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Abstract

Aims To study the incidence of and the factors associated with renal dialysis and transplantation in type 1 (T1DM) and type
2 diabetes (T2DM).

Methods Data on individuals who had received dialysis treatment or renal transplant between 1 January 2004 and 31 Decem-
ber 2013 were extracted from the regional administrative database (Piedmont, Italy), and the crude (cumulative) incidence of
dialysis was calculated. Overall cumulative survival was estimated using the Kaplan—Meier method and compared using the
log-rank test. Poisson regression was used to estimate adjusted rate ratios for potential predictors of renal transplant or death.
Results A total of 7401 persons started dialysis treatment during the decade, with a 10-year cumulative crude incidence
of 16.8/100,000. Incidence was stable and consistently eightfold higher in persons with T2DM (tenfold higher in TIDM)
compared to those without diabetes. The risk of dialysis in TIDM was about double that of T2DM. The mortality rate
was significantly higher in diabetics than in non-diabetes (241.4/1000 vs. 153.99/1000 person-years). During the decade
2004-2013, 893 patients underwent a kidney transplant. Transplantation rates were significantly lower for diabetics than
non-diabetics (16.5/1000 vs. 42.9/1000 person-years).

Conclusions In the past decade, the incidence of dialysis has stabilized in both the general population and in diabetics in
whom it remains far higher by comparison. Also mortality rates are higher, with a worse prognosis for TIDM. Diabetes
poses a barrier to allotransplantation, and efforts should be made to overcome this limitation.
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Introduction

The long-term complications of diabetes are a major cause
of disability, reduced quality of life, and premature death [1].
Kidney disease plays a major role in this excess risk which is
Managed by Antonio Secchi. entangled with increased risk of cardiovascular disease [2,
3]. Diabetic kidney disease (DKD) is also the leading cause
of end-stage renal disease (ESRD) in the Western world
[4, 5] and one of the primary reasons for dialysis treatment
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nephropathy) who progress to ESRD and require dialysis or
renal transplantation are poorly known or dated. Further-
more, little is documented about the role the two main types
of diabetes [type 1 and type 2 diabetes mellitus (T1DM and
T2DM)] play in modifying prognosis, particularly as regards
the differences in the incidence and risk factors associated
with renal replacement therapy (RRT), including trends in
the last decade. Similarly, a data-based picture of access to
and prognosis of allotransplantation and the extent to which
it differs from dialysis in outcome and associated conditions
(T1DM and T2DM) is missing.

To fill this gap, we retrospectively analyzed the data of
a cohort of dialysis patients of an entire region (Piedmont,
Italy) to reconstruct the history and characteristics of the
process surrounding renal replacement in the comparison
between patients with TIDM or T2DM and non-diabetic
patients. A better knowledge of epidemiological data and
identification of clinical predictors associated with renal
replacement or mortality could be crucial to improve pre-
vention and management strategies for ESRD in diabetic
patients.

Subjects and methods
Study population and data sources

For this population-based study, we used regional admin-
istrative data from Piedmont, northwest Italy (population
4,400,000 inhabitants, approximately 7.5% of the national
total). Healthcare data are stored in an automated system of
databases that records outpatient healthcare services deliv-
ered (including dialysis treatment), as well as drug prescrip-
tions and hospital discharges reimbursed by the National
Health System. In respect of patient privacy, a unique anony-
mous identifier allows these archives to be linked together.
Because the automated system is anonymous, ethical com-
mittee approval and informed consent were not required for
this study.

We extracted information from the regional database of
outpatient treatments for all individuals who had received
dialysis treatment between 1 January 2004 and 31 December
2013; an individual was defined as incident if he/she had
not received dialysis treatment in the previous 12 months.
Patients who were discharged from hospital with a diagno-
sis of acute kidney failure (ICD 9-CM: 584) or prescribed
an immunosuppressive drug (ATC: L04) in the previous
12 months were excluded.

Comorbidities

The presence of diabetes at the incidence date of dialysis was
obtained through record linkage with the Regional Register
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of Diabetes (RRD), and the type of diabetes was retrieved
from the information entered in the RRD by the attending
diabetologist [8]; type of antidiabetic therapy (oral hypo-
glycemic agent and/or insulin—ATC: A10) was retrieved
via record linkage with the drug prescriptions database. A
patient was defined as being on oral hypoglycemic therapy
if he/she had filled at least two drug prescriptions in the
previous 12 months. Data on existing cardiovascular dis-
ease (CVD) at the time of entering dialysis treatment were
obtained by record linkage with the regional hospital dis-
charge database, which contains data on hospitalization
of Piedmont residents wherever they may be hospitalized
in Italy. Patients discharged from hospital with a diagno-
sis (either primary or secondary) of coronary heart disease
(ICD 9-CM: 410-414) or cerebrovascular disease (ICD
9-CM: 430-438) were defined as having CVD. Finally, we
also examined the data on cardiovascular drug therapies pre-
scribed to patients on entering dialysis treatment via record
linkage with the regional drug prescriptions database; a
patient was defined as being on pharmacotherapy for CVD
if he/she had filled at least two prescriptions in the previous
12 months for any of the following: statins (ATC: C10AA),
angiotensin-converting enzyme inhibitors (ACEi; ATC:
CO09A, C09B), angiotensin receptor blockers (ARBs; ATC:
C09C, C09D), beta blockers (ATC: C07), diuretics (ATC:
C03), and calcium channel blockers (CCP; ATC: CO08).

Outcomes

Patients who started dialysis treatment were followed-up
for kidney transplant and mortality. Information on renal
transplant was obtained by record linkage with the regional
hospital discharge database by selecting diagnosis-related
group (DRG) codes 302 (only kidney) and 512 (kidney and
pancreas transplantation). Data on death (or transfer out of
Piedmont) were obtained by record linkage with the Unique
Regional Archive of residents covered by the regional health
system.

Statistical analysis

The crude (cumulative) incidence of dialysis was calculated
by dividing the number of residents who started treatment
between 1 January and 31 December of each year between
2004 and 2013 by the total number of residents alive on 31
December of each year. Incidence was standardized by age
using Poisson regression; age classes (045, 4655, 56-65,
66-75, 76-85, and over 85 years) and 95% confidence inter-
vals were calculated.

The start of follow-up was defined as the date of inci-
dence (i.e., the first dialysis treatment) and ended at the date
of death or renal transplant or transfer out of Piedmont or 31
December 2013, whichever came first. We defined as lost to
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follow-up patients who moved out of the region during the
study period (38 persons). Cases where a patient received a
kidney transplant and subsequently died were considered as
two distinct outcomes. Days of follow-up were calculated as
the difference between the incidence date and the date of the
event under study, loss to follow-up, death, and 31 December
2013. Person-time was calculated separately for each of the
two outcomes.

Overall cumulative survival probability, and survival
according to type of diabetes, was estimated with the
Kaplan—Meier method and compared using the log-rank test.
Poisson regression was used to estimate adjusted rate ratios
(RR) for available potential predictors of kidney transplant
or death: age classes (0—45, 46-55, 56-65, 66-75, 7685,
85 years or older for mortality rate; age over 65 years was
the last age class for kidney transplant rate), gender, type of
diabetes, in case of T2DM, type of therapy at the incidence
date (oral hypoglycemic agent alone, oral hypoglycemic
agent plus insulin, insulin alone, unknown), CVD at inci-
dence date of dialysis, and cardiovascular drug therapies
other than antidiabetic drugs; moreover, two 5-year periods
(2004-2008 and 2009-2013) were included in the model.

Statistical analyses were performed using SAS version
9.4 (SAS Institute Inc, Cary, NC, USA) and STATA version
13 (StataCorp LLC, College Station, TX, USA).

Results

We identified 7401 subjects who started dialysis treatment
during the decade 2004-2013, with a 10-year cumulative
crude incidence of 16.8/100,000 residents, which remained
stable during the period. The 10-year average prevalence
was 84.9/100,000, with slight variations from a minimum of
78.3 in 2004 to a maximum of 90.9 in 2011. Table 1 presents
the baseline characteristics of the study population divided
into two 5-year periods: 2004-2008 and 2009-2013 (49 and
51% of patients, respectively). The patient population in the
second half of the decade was, on average, nearly 2 years
older due to the increase in the number of persons over age
75, had a higher prevalence of T2DM (29.1 vs. 25%) but a
similar prevalence of CVD; in both halves of the decade,
63% of the patients were men. The prevalence of pharma-
cologically treated patients was significantly higher in the
second half of the decade for all the main therapeutic classes
considered.

From 2004 to 2013, both crude and age and sex-adjusted
incidence rates for dialysis treatment remained fairly
steady 17.6/100,000 (adjusted: 33.1/100,000) in 2004 and
16.2/100,000 (adjusted: 29.8/100,000) in 2013 (Fig. 1), with
no substantial variations (maximum of 18.0 in 2010 and mini-
mum of 15.7 in 2007). Similarly, the incidence for patients
with diabetes remained unchanged across the decade, albeit

higher than for patients without diabetes: The incidence of
dialysis treatment was consistently about eightfold higher in
patients with T2DM and about tenfold higher in those with
T1DM (wide annual fluctuations are due to the low number
of patients with T1IDM, as shown in Table 1) compared to
those without diabetes, and the risk of dialysis for patients with
T1DM was about twice that of patients with T2DM.

During the 10-year follow-up, a total of 893 out of 7401
patients received a kidney transplant (12% of the study popula-
tion), with an overall transplant rate of 35.7/1000 person-years
per year. In detail, 26 transplants in diabetic and 13 in non-
diabetic patients were performed without prior dialysis and
were excluded from the present analysis; 17 persons (14 with
and 3 without diabetes) underwent double kidney transplan-
tation. Transplant rates were significantly lower for patients
with diabetes than for those without diabetes (16.5/1000 vs.
42.9/1000 person-years; p <0.0001).

During the same period, a total of 4443 deaths out of
7401 patients (60% of the study population) were recorded
for dialyzed patients and 73 for transplanted patients, 10 of
which with T2DM and 4 with TIDM. The overall mortal-
ity rate was 177.8/1000 person-years and it was significantly
higher for patients with diabetes than for those without diabe-
tes (241.4/1000 vs. 153.99/1000 person-years; p <0.0001). To
better clarify this point, Fig. 2 shows the mean (unadjusted)
survival of patients, with and without diabetes, receiving dial-
ysis treatment: After 1 year from initiation of dialysis, 79%
of patients without diabetes were alive, compared to 82% of
patients with TIDM (difference not statistically significant,
p=0.8711) and 73% of patients with T2DM (difference sta-
tistically significant, p <0.001). This disadvantage of patients
with T2DM maintains for the whole period: After 5 years, 47%
of patients without diabetes and 48% of T1DM patients were
alive, compared to 29% patients with T2DM (Fig. 2).

Table 2 presents the crude and adjusted RRs for the two
outcomes (renal transplantation and death). The likelihood
of kidney transplant decreased steeply with increasing age in
patients with established CVD and in patients with diabetes
(both TIDM and T2DM), in which the likelihood of receiv-
ing a kidney transplant was half that of patients without dia-
betes. The risk of mortality increased with increasing age,
in men, in patients with CVD and in those with diabetes,
especially TIDM (RR 1.84, p <0.05).

The results of multivariate analysis of post-transplanta-
tion mortality are not reported because inconsistent, given
the very low number of events.

Discussion
In 2013, there were around 3.2 million patients being treated

for ESRD worldwide, along with 700,000 living with kidney
transplants [9]. In some countries, diabetic kidney disease
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Table 1 Baseline characteristics

) - 2004-2008 2009-2013 p value
f)f the study popula.tlon divided (n=3627) (n=3774)
into two 5-year periods: 2004—
2008 and 2009-2013 (49 and Age—mean (SD) 66.02 (15.52) 67.90 (15.06) 0.000
51% of patients, respectively) Age group (%)
<45 385 (10.6) 334 (8.9) 0.010
46-55 386 (10.6) 357 (9.5) 0.090
56-65 660 (18.2) 656 (17.4) 0.359
66-75 1072 (29.6) 1045 (27.7) 0.757
76-85 996 (27.5) 1178 (31.2) 0.000
>85 128 (3.5) 204 (5.4) 0.000
Sex (%)
Male 2291 (63.1) 2377 (63.0) 0.871
Female 1336 (36.8) 1397 (37.0) 0.871
Diabetes (%)
No 2589 (71.4) 2523 (66.9) 0.000
Type 1 diabetes 111 (3.1) 124 (3.3) 0.581
Type 2 diabetes 906 (25.0) 1098 (29.1) 0.000
Type 2 diabetes hypo-oral only 64 (1.8) 246 (6.5) 0.000
Type 2 diabetes hypo-oral and insulin 59 (1.6) 354 (9.4) 0.000
Type 2 diabetes insulin only 191 (5.3) 313 (8.3) 0.000
Type 2 diabetes therapy unknown 592 (16.3) 185 (4.9) 0.000
Other type of diabetes 21 (0.6) 29 (0.8) 0.320
Previous CV disease hospitalization (%)
No 2962 (81.7) 3047 (80.7) 0.000
Yes 665 (18.3) 727 (19.3) 0.307
Therapy on beginning of dialysis (%)
No cardiovascular therapy 783 (21.6) 624 (16.5) 0.000
Statins 817 (22.5) 1214 (32.2) 0.000
ACEi 1256 (34.6) 1124 (29.8) 0.000
ARBs 794 (21.9) 1077 (28.5) 0.000
Beta blockers 880 (24.3) 1385 (36.7) 0.000
Diuretics 1845 (50.9) 2238 (59.3) 0.000
CCB 1648 (45.4) 1839 (48.7) 0.005

OHA oral hypoglycemic agent, ACEi angiotensin-converting enzyme inhibitor, ARB angiotensin receptor
blocker, EPO erythropoietin, CCB calcium channel blocker

is responsible for half of all new patients requiring renal
replacement therapy (RRT). Initiation of dialysis treat-
ment is a challenging time of transition for incident dialysis
patients, their families and caregivers. It is also the begin-
ning of a very costly procedure for the National Health Ser-
vice and represents a relevant socioeconomic burden.

The incidence of dialysis treatment we found (168
patients per million population (pmp)) coincides precisely
with the average incidence reported by other sources for
Italy [10] and appears to be among the lowest in Europe
[11,12].

It remained stable for the decade between 2004 and 2013,
suggesting that prevention efforts have been effective in halt-
ing the seemingly unstoppable growth of dialysis reported
in the last decade of the 1990s [9].

@ Springer

In the last 5 years of the decade, the patient population
was a little older, with a larger proportion of those with
T2DM and a similar proportion of those with established
cardiovascular disease. These last two aspects may reflect
the global rise in T2DM prevalence and on the other hand
the general reduction in CVD in the general population. Also
patient management appears to have changed with time: In
the last 5 years, more pharmacological treatments were
reported and more patients were treated with oral hypogly-
cemic agents, insulin, and cardiovascular medications.

As expected, the incidence of dialysis treatment was
consistently eightfold to tenfold higher (3.5-8-fold when
age adjusted incidence is considered) in patients with dia-
betes compared to those without diabetes, yet, strikingly,
the dialysis incidence rate by the presence of diabetes
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Fig. 1 Age-adjusted incidence of dialytic treatment X 100,000 persons with and without diabetes, Piedmont, 2004—2013. Bars indicate 95% con-

fidence intervals

Fig.2 Kaplan—Meier estimates
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remained unchanged during the last 10 years. This finding
contrasts with recent Austrian [13] data, suggesting that the
reported 38% growth rate of diabetes-related ESRD may
have slowed. Other older observations dating from 2007
for Australia—New Zealand [14] indicated a steady 10-year
increment in the number of diabetes patients. In the UK [15],
initiation of RRT in diabetes patients increased from 12.3
to 27.6 pmp between 1995 and 2009. While throughout the
1990s, nephrologists were reluctant to put diabetic patients
on dialysis, the number of incident dialysis patients with

diabetes increased up to 2010 followed by a sort of plateau
as eligibility criteria for dialysis broadened. Our findings are
in line with the 2016 official report of the European Renal
Association-European Dialysis and Transplant Association
(ERA-EDTA) [4] which pinpointed 2008 as the year when
the rise in the incidence rate of RRT in the general popula-
tion ended, as also seen for the subgroup of diabetic patients,
and a slight reduction in incident cases began.

Although diabetic patients are referred earlier and
develop fewer complications, the risk of dialysis for patients
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Table 2 Crude and adjusted relative rates (RR) of renal transplantation and death as outcomes, 2004-2013

Transplant Mortality
(n=893) (n=4443)
N RR N RR

Unadjusted (IC 95%) Adjusted (IC 95%)

Unadjusted (IC 95%) Adjusted (IC 95%)

Age group
0-45 272 1
46-55 245 0.98 (0.82-1.16)
56-65 271 0.66 (0.56-0.79)
66-75 105 0.10 (0.08-0.13)
76-85
86 +
Sex
Female 301 1
Male 592 1.17 (1.02-1.35)
Diabetes
No 781 1
Type 1 diabetes 31 0.84 (0.59-1.21)
Type 2 diabetes hypo-oral only 9 0.28 (0.15-0.55)
Type 2 diabetes hypo-oral and insulin 15 0.36 (0.22-0.60)
Type 2 diabetes insulin only 16 0.25(0.15-0.41)
Type 2 diabetes therapy unknown 40 0.36 (0.26-0.50)
Other type of diabetes 1 0.14 (0.02-0.96)
Previous CV disease hospitalization
No 837 1
Yes 56 0.39(0.30-0.51)
Therapy?®
No cardiovascular therapy 204 1
Statins 215 0.90 (0.77-1.05)
ACEi 334 1.28(1.12-1.47)
ARBs 202 0.93 (0.79-1.08)
Beta blockers 269 1.13(0.98-1.30)
Diuretics 378 0.76 (0.67-0.87)
CCB 410 1.01 (0.89-1.16)

1 93 1 1
0.99 (0.83-1.18) 203 2.37(1.85-3.03) 2.19 (1.71-2.80)
0.69 (0.57-0.82) 600 4.30 (3.46-5.36) 3.84 (3.08-4.79)
0.10 (0.08-0.13) 1440 7.26 (5.89-8.95) 6.4 (5.20-7.97)
1803 1252 (10.2-154)  11.14 (9.01-13.78)
304 22.31(17.7-28.1)  20.34 (16.06-25.76)
1 1635 1 1
1.09 (0.95-1.25) 2808 1.02 (0.96-1.09) 1.09 (1.03-1.16)
1 2802 1 1
0.4 (0.31-0.64) 130 0.99 (0.83-1.18) 1.84 (1.53-2.20)
0.41 (0.21-0.80) 195 1.71 (1.48-1.98) 1.35 (1.17-1.57)
0.52 (0.31-0.87) 260 1.73 (1.53-1.97) 1.26 (1.10-1.44)
0.35 (0.21-0.59) 390 1.72 (1.54-1.91) 1.35 (1.21-1.51)
0.48 (0.35-0.67) 636 1.60 (1.47-1.75) 1.36 (1.24-1.48)
0.13 (0.02-0.90) 30 1.13 (0.79-1.62) 1.17 (0.82-1.68)
1 3338 1 1
0.54 (0.40-0.71) 1105 1.93 (1.81-2.07) 1.44 (1.34-1.55)
1 631 1 1
1.26 (1.06-1.50) 1262 1.13 (1.06-1.21) 0.85 (0.79-0.91)
1.30 (1.13-1.50) 1451 1.04 (0.98-1.11) 0.98 (0.92-1.05)
1.04 (0.88-1.23) 1158 1.12(1.04-1.19) 0.99 (0.92-1.06)
1.20 (1.02-1.40) 1389 1.19(1.12-1.27) 1.03 (0.96-1.11)
1.03 (0.88-1.21) 2788 1.76 (1.65-1.87) 1.27 (1.19-1.37)
139 (1.19-1.61) 2207 1.18(1.11-1.25) 0.85 (0.80-0.91)

®The number of transplants/deaths is greater because persons in the cohort could have followed multiple therapies, since one therapy did not

exclude the other

CI confidence interval, 7/DM type 1 diabetes mellitus, 72DM type 2 diabetes mellitus, OHA oral hypoglycemic agent, ACEi angiotensin-con-
verting enzyme inhibitors, ARB angiotensin receptor blockers, EPO erythropoietin, CCB calcium channel blockers

with T1DM was about twice that for patients with T2DM.
Moreover, the risk of mortality increased with increasing
age and was higher in men than women and in those with
comorbidities. In the most recent paper on the subject pub-
lished in 2011, Steenkamp [16], using figures based on the
UK register, found that the unadjusted first year after 90-day
survival for patients starting RRT in 2010 was 87.3%, repre-
senting a slight increase over the previous year (86.6%), and
84.7% in patients with diabetes. To attempt a comparison
between those data and ours, it should be borne in mind that
we included all incident dialysis patients regardless of age
and that we did not exclude subjects who died during the
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first 90 days after initiation of dialysis: This may explain the
seemingly lower survival rate in our cohort. Despite these
differences in methodology, it could be roughly said that the
figures do not differ so much. Notably, the adjusted 10-year
risk of death for dialysis-treated patients with TIDM was
84% higher than for patients without diabetes. As a whole,
these data point to the greater burden of renal complications
in this type of diabetes.

A link emerged between insulin and oral hypoglycemic
agents (OHA) use (alone or in combination) and mortal-
ity in patients with T2DM. This finding is neither new
nor surprising. In the last years, numerous observational
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studies have found insulin to be a marker of poor out-
comes, including mortality. A plausible explanation is that
there is a typical indication bias, without any causal role.
In other words, these therapies are likely to reflect the
gravity of disease.

As expected history of CVD appears to be a negative
prognostic factor for mortality, confirming that CVD is the
leading cause of death in all dialyzed subjects.

The likelihood of dialysis-treated patients receiving a kid-
ney transplant decreased with increasing age, and patients
with diabetes (irrespective of type of diabetes and therapy)
had half the chance of undergoing surgery. Indeed, patients
with T2DM and ESRD are less likely to be selected for
renal transplantation because they are generally thought to
be more complex and burdened with more comorbidities.
This, however, is not confirmed by the relative risks reported
in Table 2 where, despite the multivariate model controlling
for comorbidities, the probability of transplantation remains
low. Also CVD emerged as a negative factor for transplan-
tation, very likely for the same reasons. Interestingly, no
correlations were found for sex, type of diabetes, and car-
diovascular therapy (except for patients treated with ACE
inhibitors). As regards mortality in transplanted patients, 73
deaths (8.2%) were recorded following transplant, a figure
in line with other recent observations [17].

The main strength of this study is the completeness of
data on treatment, procedures, hospitalization, and mortality
rates of the population of an entire region, and the reliable
algorithm for retrieving treated patients. The main limita-
tion is the lack of clinical data, since we were unable to link
patient prognosis to disease characteristics.

In conclusion, this study provides an in-depth update
on RRT and renal transplantation. Our data show that the
incidence of dialysis treatment has stabilized, whereas the
percentage of diabetic patients appears to have reached a
plateau. Nevertheless, mortality rates are higher for dia-
betic patients regardless of age, with TIDM showing the
worst prognosis. We found that diabetes still poses a barrier,
probably unjustified, to allotransplantation. Efforts should be
made to overcome this limitation.
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