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Abstract
Aims  To define the contribution of chronic kidney disease (CKD) to excess mortality in patients with type 2 diabetes and 
identify the baseline variables associated with all-cause death in those with and without CKD using the RECursive Partition-
ing and Amalgamation (RECPAM) method.
Methods  This observational, longitudinal, cohort study enrolled 15,773 consecutive non-dialytic patients with type 2 diabetes 
in 19 Diabetes Clinics throughout Italy in 2006–2008. Based on the presence of albuminuria ≥ 30 mg day−1 and/or estimated 
glomerular filtration rate (eGFR) < 60 mL min−1·1.73 m−2 at baseline, patients were classified as having or not CKD. Vital 
status was verified on October 31, 2015 for 99.26% of patients.
Results  Mortality increased with increasing albuminuria and eGFR category. Excess risk versus the general population was 
maximal in patients aged < 55 years in the worse albuminuria or eGFR category. Conversely, in subjects aged ≥ 75 years 
with albuminuria < 10 mg day−1 or eGFR ≥ 75 mL min−1·1.73 m−2, excess mortality was no longer detectable. At REC-
PAM analysis, the main correlates of death in the whole cohort were albuminuria > 44 mg day−1, prevalent CVD, and 
eGFR < ~ 75 mL min−1·1.73 m−2; gender, prevalent CVD, and higher albuminuria in the normoalbuminuric range, in patients 
without CKD; and CVD, eGFR ~ < 50 mL min−1·1.73 m−2, and albuminuria > 53 mg day−1, in those with CKD.
Conclusions  CKD is a major contributor to excess mortality in type 2 diabetes, conferring a very high risk in younger patients 
and fully accounting for excess risk in the older ones. Higher albuminuria and lower eGFR, even in the normal range, identify 
individuals with increased mortality risk.
Trial registration ClinicalTrials.gov (NCT00715481; https​://clini​caltr​ials.gov/ct2/show/NCT00​71548​1).
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DR	� Diabetic retinopathy
ISTAT​	� Italian National Institute of Statistics

Introduction

Diabetes is associated with excess mortality mainly, 
though not exclusively attributable to an increased risk of 
cardiovascular disease (CVD) [1]. Death rates have con-
sistently decreased over time in western countries [2–8], 
likely due to improved treatment of multiple risk factors, 
including hyperglycemia, dyslipidemia, and hypertension. 
Nevertheless, mortality risk remains approximately twice 
higher in diabetic than in non-diabetic individuals in most 
studies [1–5, 9].

It is widely recognized that chronic kidney disease 
(CKD) is a powerful risk factor for CVD since its early 
pre-dialytic stages, via multiple pathophysiological mech-
anisms [10]. Data from the general population [11–14] and 
patients with type 1 [15, 16] and type 2 [17, 18] diabetes 
showed that albuminuria and reduced eGFR are indepen-
dently associated with all-cause and CVD mortality. In 
addition, CKD was shown to be a major contributor to 
excess death in both type 1 [16, 19] and type 2 [9, 20] dia-
betes, possibly as a mediator of the relationship between 
hyperglycemia and adverse outcomes. However, it is still 
unclear whether CKD fully accounts for excess mortality 
and how CKD interacts with CVD risk factors in determin-
ing the risk of death in diabetic individuals.

Aim of this study was to further explore the well-estab-
lished relationship between CKD and mortality by apply-
ing the RECursive Partitioning and Amalgamation (REC-
PAM) method to the large cohort of patients with type 2 
diabetes from the Renal Insufficiency And Cardiovascular 
Events (RIACE) Italian Multicenter Study. Specific aims 
were to (a) define the extent of the contribution of CKD 
to excess mortality; and (b) identify the baseline variables 
associated with all-cause death in patients with and with-
out CKD and their clustering in homogeneous subgroups 
of subjects with distinct mortality risks.

Materials and methods

Design

The RIACE is an observational, prospective cohort study 
on the impact of eGFR on morbidity and mortality in 
patients with type 2 diabetes [21].

Subjects

The RIACE population consists of 15,933 Caucasian 
patients with type 2 diabetes visiting consecutively 19 
hospital-based, tertiary referral Diabetes Clinics of the 
National Health Service throughout Italy (see Online-only 
Supplementary Materials) in the years 2006–2008. Exclu-
sion criteria were dialysis or renal transplantation. After 
excluding 160 patients for missing or implausible values, 
the remaining 15,773 subjects were analyzed.

The vital status of study subjects on 31 October, 2015 
was verified by interrogating the Italian Health Card 
database (http://siste​mats1​.sanit​a.finan​ze.it/wps/porta​l/), 
which provides updated information on all current Italian 
residents.

Measurements

At baseline, information was obtained on age, smoking 
status, known diabetes duration, co-morbidities, and cur-
rent treatments. Body mass index (BMI), BP, and waist 
circumference were then assessed, and blood samples were 
obtained for measurements of hemoglobin (Hb) A1c, fast-
ing triglycerides, and total and HDL cholesterol, and cal-
culation of non-HDL and LDL cholesterol [21, 22].

The presence of DKD was assessed by measuring albu-
minuria and serum creatinine. As previously detailed [21, 
23], albumin excretion rate (AER) was obtained from 24-h 
urine collections or calculated from albumin-to-creatinine 
ratio in early morning, first-voided urine samples, using a 
conversion formula developed in patients with type 1 dia-
betes and preliminarily validated in a subgroup of subjects 
from the RIACE cohort. Albuminuria was measured in 
fresh urine samples by immunonephelometry or immuno-
turbidimetry, in the absence of interfering clinical condi-
tions. One-to-three measurements for each patient were 
obtained; in cases of multiple measurements, the geomet-
ric mean of 2 or 3 values was used for analysis. In subjects 
with multiple measurements (4062 with at least two and 
2310 with three values), concordance rate between the first 
value and the geometric mean was > 90% for all albumi-
nuria classes [23]. Patients were assigned to one of the 
following categories of albuminuria (mg day−1): normoal-
buminuria (A1, AER < 30), microalbuminuria (A2, AER 
30-299), or macroalbuminuria (A3, AER ≥ 300). Normoal-
buminuric patients were further divided in those with nor-
mal (A1a, AER < 10) and low (A1b, 10–29) albuminuria 
[24]. Serum (and urine) creatinine was measured by the 
modified Jaffe method, and eGFR was calculated by the 
CKD Epidemiology Collaboration equation [25]. Patients 
were assigned to one of the following categories of eGFR 
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(mL min−1·1.73 m−2): G1 (≥ 90); G2 (60–89); G3 (30–59); 
G4 (15–29); and G5 (< 15). The G2 and G3 categories 
were further divided in G2a (75–89) and G2b (60–74) and 
G3a (45–59) and G3b (30–44), respectively, whereas G4 
and G5 categories were pooled together (G4–5). Then, 
patients were classified as having or not CKD based 
on the presence or absence of values of albuminuria 
≥ 30 mg day−1 and/or eGFR < 60 mL min−1·1.73 m−2.

In each center, the presence of diabetic retinopathy (DR) 
was assessed by an expert ophthalmologist with dilated fun-
doscopy. Patients with mild or moderate nonproliferative 
DR were classified as having non-advanced DR, whereas 
those with severe nonproliferative DR, proliferative DR, or 
maculopathy were grouped into the advanced DR category. 
DR grade was assigned based on the worst eye [26].

Previous major acute CVD events, including myocar-
dial infarction, stroke, foot ulcer/gangrene/amputation, and 
coronary, carotid, and lower limb revascularization, were 
adjudicated based on hospital discharge records by an ad 
hoc committee in each center [27].

Statistical analysis

Data are expressed as mean ± SD or median (interquartile 
range) for continuous variables, and number of cases and per-
centage for categorical variables. Continuous variables were 
compared by one-way ANOVA or the Kruskal–Wallis test in 
case of parametric and nonparametric distribution, respec-
tively. Pearson’s χ2 was applied to categorical variables.

Crude mortality rates were described as events per 1000 
patient-years, with 95% exact Poisson confidence intervals. 
Mortality among patients with type 2 diabetes from the 
RIACE cohort was then compared to that of coeval male 
and female individuals from the Italian general population, 
as derived from the Italian National Institute of Statistics 
(ISTAT) life tables during the same time period (2006–2015) 
[28]. Data were stratified by gender and age category and, 
within each age category, by AER and eGFR category at 
baseline.

Kaplan–Meier survival curves for all-cause mortality 
were calculated according to albuminuria and eGFR cat-
egories. Differences in survival rates were analyzed using 
the log-rank statistic. Survival analyses according to albumi-
nuria and eGFR categories were performed by Cox propor-
tional hazards regression, unadjusted (model 1) or adjusted 
by gender and baseline age, smoking status, diabetes dura-
tion, HbA1c, BMI, waist circumference, triglycerides, total 
and HDL cholesterol, lipid-lowering treatment, systolic and 
diastolic BP, anti-hypertensive treatment, retinopathy grade, 
any CVD, and any cancer (model 2), and also for eGFR and 
albuminuria categories, respectively (model 3). Results are 
expressed as HRs and their 95% CIs.

The RECPAM method, which combines the advantages 
of standard Cox regression and tree-growing techniques, was 
used to evaluate interactions among covariates and identify 
homogeneous subgroups of patients with distinct mortality 
risks in the whole cohort and in subjects with and without 
CKD [29]. The variables entered into the RECPAM model 
were those used in the multivariable Cox regression analysis, 
except LDL cholesterol, which was substituted for total cho-
lesterol. Age was introduced as a global variable, and cat-
egorization of values for continuous variables was omitted to 
allow algorithm-based selection of the natural cut-off points.

Tests were 2-sided, and a P value < 0.05 was considered 
statistically significant. Statistical analyses were performed 
using SPSS version 13.0 (SPSS Inc., Chicago, IL) and SAS 
Software Release 9.4 (SAS Institute, Cary, NC).

Results

Valid information on vital status was retrieved for 15,656 
patients (99.26% of the original cohort). The baseline clini-
cal characteristics of these subjects are shown in Supplemen-
tary Table 1. Prevalence of normo-, micro-, and macroalbu-
minuria was 73.20, 22.13, and 4.67%, respectively. Of the 
normoalbuminuric subjects, 52.27% had normal albuminuria 
(38.26% of the whole cohort) and 47.73% had low albumi-
nuria (34.94% of the whole cohort). Prevalence of eGFR 
categories 1, 2, 3, and 4–5 was 36.89%, 45.82% (2a: 27.26%; 
and 2b: 18.56%), 15.50% (3a: 10.65%; and 3b: 4.85%), 
and 1.78%, respectively. Prevalence of CKD was 36.33%, 
18.94% with albuminuria alone, 9.43% with reduced eGFR 
alone, and 7.86% with both abnormalities. As compared 
with patients without CKD, those with CKD were older, 
more frequently males, and had longer diabetes duration, 
higher HbA1c, BMI, waist circumference, triglycerides, non-
HDL cholesterol, and systolic BP, and lower HDL and LDL 
cholesterol. Moreover, they had a higher prevalence of DR, 
CVD, and cancer and were more frequently on treatments.

On 31 October, 2015, 12,054 (76.99%) patients were 
alive, whereas 3602 (23.01%) patients had deceased (fol-
low-up duration: 7.42 ± 2.05 years, range 0–10.07; death 
rate: 31.02 per 1000 person-years). Excess mortality in 
patients with type 2 diabetes from the RIACE cohort was 
slightly higher in women than in men (1.64 vs. 1.50) and 
decreased from 3.49- and 2.75-fold, respectively, in those 
with < 55 years, to 1.19- and 1.30-fold, respectively, in those 
with ≥75 years of age (Supplementary Table 2).

Crude mortality rates increased with increasing albu-
minuria and eGFR category (Table  1). Likewise, the 
Kaplan–Meier curves (not shown) and unadjusted Cox pro-
portional hazards regression (model 1; Fig. 1a, d and Sup-
plementary Figure 1A and D) showed a stepwise increase in 
mortality with increasing albuminuria and eGFR categories/
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subcategories. When adjusted for several confounders 
(model 2; Fig. 1b, e and Supplementary Figure 1A and D) 
and also for each other (model 3; Fig. 1c, f and Supplemen-
tary Figure 1B and E), differences in mortality remained 
across albuminuria categories (including those between 
normal and low albuminuria) and eGFR categories, except 
for eGFR G1 and G2 (including G2a and G2b). Other 
variables independently associated with mortality were 
age, male gender, current smoking, HbA1c, lipid-lowering 
treatment, anti-hypertensive treatment, non-advanced and 
advanced DR, any CVD, any cancer and, inversely, total 
and HDL cholesterol and diastolic BP; diabetes duration and 
triglycerides entered only in regression model 2 for albu-
minuria. Interestingly, the HRs for the worst albuminuria 
and eGFR categories, even when adjusted for each other, 
were not lower, if any, than those for prevalent CVD or can-
cer (Supplementary Tables 3–6). For any albuminuria and 
eGFR category, the excess risk of all-cause death versus the 
general population was highest in patients aged < 55 years 
and decreased progressively with increasing age category. 
In subjects aged ≥ 75 years with albuminuria < 10 mg day−1 
or eGFR ≥ 75 mL min−1·1.73 m−2, excess mortality was no 
longer detectable, and patients with an eGFR falling in the 
G1 category appeared to be even protected (Table 2).

RECPAM analysis of the whole cohort identified ten 
patient subgroups (Fig. 2 and Supplementary Table 7). 
Among baseline variables, AER was the most relevant corre-
late of subsequent death, followed by CVD and eGFR. Death 
was most likely in subjects with AER values > 44 mg day−1 
and prevalent CVD (class 1), whereas it was least likely in 
female patients with values AER ≤ 44 mg day−1, no CVD, 

and an eGFR > 73 mL min−1·1.73 m−2 (class 10 or reference 
vs. class 9 for those with an eGFR ≤ 73 mL min−1·1.73 m−2). 
An eGFR threshold of 79 and 72 mL min−1·1.73 m−2 further 
separated subjects with AER values > 44 mg day−1 and no 
CVD and those with AER levels ≤ 44 mg day−1 and CVD, 
respectively (class 2–class 5). Finally, among male patients 
with an AER ≤ 44 mg day−1 hours without CVD, further 
separation was associated with LDL cholesterol values 
≤ 83 mg dL−1 (class 6) and, in those with LDL levels above 
this threshold, with AER values > and ≤ 17 mg day−1 (i.e., 
within the normoalbuminuric range; class 7 and 8, respec-
tively). In patients without CKD (Fig. 3 and Supplementary 
Table 8), gender and prevalent CVD were the main corre-
lates of death, with the highest risk in males with previous 
CVD and an HbA1c > 7.2% (class 1) and the lowest risk in 
females with no CVD and on lipid-lowering treatment (class 
12 or reference). In male subjects without CVD, higher 
HbA1c, lower LDL cholesterol, and higher AER within the 
normoalbuminuric range at two cutoffs (15 and 7 mg day−1) 
identified subjects at higher risk. In female subjects, those 
with CVD had the highest likelihood of death, whereas 
among patients without CVD and no lipid-lowering treat-
ment, higher HbA1c and lower LDL cholesterol were asso-
ciated with higher risk. Also in patients with CKD (Fig. 4 
and Supplementary Table 9), CVD was the main correlate 
of death. In addition, among subjects with and without 
CVD, an eGFR threshold of ~ 50 mL min−1·1.73 m−2 iden-
tified four subgroups with distinct risks of death, the high-
est of which was in those with CVD and an eGFR below 
this value (class 1). Among subjects without CVD and an 
eGFR above this value, other correlates were an AER > 

Table 1   Mortality rates 
according to albuminuria and 
eGFR categories

eGFR estimated glomerular filtration rate, CI confidence interval

N Events Percent events Events per 1000 patient-
years (95% CI)

P

All individuals 15,656 3602 23.01 31.02 (30.01–32.04)
Albuminuria categories < 0.0001
 A1 (< 30 mg day−1) 11,460 2140 18.67 24.56 (23.52–25.60)
  A1a (< 10 mg day−1) 5990 980 16.36 21.29 (19.96–22.62)
  A1b (10–29 mg day−1) 5470 1160 21.21 28.22 (26.60–29.85)

 A2 (30–299 mg day−1) 3465 1102 31.80 45.22 (42.55–47.89)
 A3 (≥ 300 mg day−1) 731 360 49.25 78.29 (70.20–86.37)

eGFR categories < 0.0001
 G1 (≥ 90 mL min−1·1.73 m−2) 5776 676 11.70 14.80 (13.69–15.92)
 G2 (60–89 mL min−1·1.73 m−2) 7174 1653 23.04 31.07 (29.58-32.57)
  G2a (75–89 mL min−1·1.73 m−2) 4268 903 21.16 28.26 (26.41–30.10)
  G2b (60–74 mL min−1·1.73 m−2) 2906 750 25.81 32.31 (29.78–34.84)

 G3 (30–59 mL min−1·1.73 m−2) 2427 1086 44.75 68.68 (64.60–72.77)
  G3a (45–59 mL min−1·1.73 m−2) 1667 652 39.11 57.75 (53.31–62.18)
  G3b (30–44 mL min−1·1.73 m−2) 760 434 57.11 95.99 (86.96–105.03)

 G4–5 (< 30 mL min−1·1.73 m−2) 279 187 67.03 131.32 (112.50–150.15)
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or ≤ 53 mg day−1, followed by an HbA1c > or ≤ 8.5% or 
an HDL cholesterol ≥ and < 42 mg dL−1 and gender, with 
the lowest risk in females with lower AER and higher HDL 
cholesterol (class 10 or reference).

Discussion

This study provides important new insights into the well-
established relationship between CKD and all-cause 

a b c

d e f

Fig. 1   Cumulative survival by Cox proportional hazards regression, 
unadjusted (a, d), adjusted for multiple confounders (b, e) and fur-
ther adjusted for each other (c, f), according to albuminuria (A1, A2, 

and A3, a–c) and eGFR (G1, G2, G3, and G4-5, d–f) categories. HRs 
(95% CI) for mortality are shown for each category. HR hazard ratio, 
CI confidence interval

Table 2   Mortality risk in patients with type 2 diabetes from the RIACE cohort as compared with the Italian general population by baseline albu-
minuria and eGFR categories, according to age category

eGFR estimated glomerular filtration rate, HR hazard ratio, CI confidence interval

Categories Age categories

< 55 years 55–64 years 65–74 years ≥ 75 years

Albuminuria
 Reference 1.00 1.00 1.00 1.00
 A1a (< 10 mg day−1) 1.90 (1.39–2.60) 1.93 (1.66–2.24) 1.56 (1.42–1.71) 0.93 (0.86–1.00)
 A1b (10–29 mg day−1) 2.88 (2.15–3.86) 2.09 (1.79–2.44) 1.91 (1.75–2.09) 1.14 (1.07–1.21)
 A2 (30–299 mg day−1) 5.14 (3.85–6.86) 3.42 (2.92–4.01) 2.94 (2.70–3.20) 1.59 (1.51–1.68)
 A3 (≥ 300 mg day−1) 10.69 (7.02–16.29) 8.62 (7.06–10.53) 5.32 (4.68–6.04) 2.42 (2.24–2.61)

eGFR
 Reference 1.00 1.00 1.00 1.00
 G1 (≥ 90 mL min−1·1.73 m−2) 2.53 (2.06–3.11) 2.33 (2.07–2.62) 1.61 (1.44–1.80) 0.78 (0.64–0.94)
 G2a (75–89 mL min−1·1.73 m−2) 2.53 (1.57–4.07) 2.51 (2.12–2.96) 1.75 (1.59–1.92) 0.97 (0.90–1.05)
 G2b (60–74 mL min−1·1.73 m−2) 6.10 (3.75–9.95) 1.99 (1.53–2.60) 1.96 (1.76–2.17) 1.15 (1.07–1.23)
 G3a (45–59 mL min−1·1.73 m−2) 13.42 (8.42–21.38) 3.21 (2.26–4.56) 3.08 (2.75–3.46) 1.35 (1.26–1.44)
 G3b (30–44 mL min−1·1.73 m−2) 10.19 (4.24–24.50) 8.70 (6.36–11.92) 5.60 (4.96–6.33) 1.95 (1.82–2.09)
 G4–5 (< 30 mL min−1·1.73 m−2) 36.30 (21.21–62.09) 11.30 (7.71–16.57) 6.85 (5.71–8.20) 3.00 (2.76–3.25)
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mortality in patients with type 2 diabetes. The application 
of RECPAM analysis in addition to standard Cox regression 
allowed us to analyze in depth the contribution of CKD and 
its main manifestations, i.e., albuminuria and reduced eGFR, 
to excess mortality in these individuals as well as their rela-
tionship with other known risk factors.

Our study supports the concept that presence and sever-
ity of CKD are powerful predictors of all-cause mortality 
in subjects with type 2 diabetes, with excess risk over non-
diabetic individuals decreasing progressively with increas-
ing age for any albuminuria and eGFR category. Indeed, the 
adjusted risk of death associated with the highest albuminu-
ria or the lowest eGFR category was higher than that attrib-
utable to prevalent CVD or cancer, two major determinants 
of death in diabetic and non-diabetic individuals. In addi-
tion, RECPAM analysis showed that increased albuminuria 
and reduced eGFR are the most relevant correlates of death, 
together with CVD.

As expected, both albuminuria and reduced eGFR were 
strongly related to mortality risk. In particular, risk increased 
linearly with increasing albuminuria, with no threshold, as 
even increases within the normoalbuminuric range were 
associated with increased mortality. This finding is con-
sistent with previous meta-analyses [12, 13, 30], post hoc 

analyses of randomized controlled trials in high-risk indi-
viduals [31, 32], community-based cohort studies [33, 34], 
and the cross-sectional analysis of the RIACE cohort [24] 
showing a linear relationship with risk for all-cause and 
CVD mortality as well as CVD events. The importance of 
increased albuminuria within the normoalbuminuric range 
was confirmed by the RECPAM analysis of the whole 
cohort, showing that a level of albuminuria of 17 mg day−1 
further discriminated among male patients without previ-
ous CVD and with LDL cholesterol values > 83 mg dL−1. 
Likewise, in patients without CKD, an albuminuria of 
15 mg day−1 and then of 7 mg day−1 discriminated among 
male subjects without CVD and with LDL cholesterol values 
> 100 mg dL−1. In addition, RECPAM analysis indicated 
that albuminuria is the main correlate of all-cause mortality 
in the whole cohort, with a threshold at the lower end of the 
microalbuminuric range (i.e., 44 mg day−1), likely discrimi-
nating between subjects with normoalbuminuria or intermit-
tent microalbuminuria and those with persistent microalbu-
minuria. Likewise, in patients with CKD, an albuminuria of 
53 mg day−1 discriminated among subjects without CVD 
and with an eGFR > 49 mL min−1·1.73 m−2.

Conversely, risk of death associated with reduced 
eGFR increased significantly only in patients with values 

Fig. 2   RECPAM analysis for identification of patient subgroups with 
different mortality risks in the whole cohort. The analysis was con-
ducted on patients with calculable LDL cholesterol values. The data 
in the circles and rectangles represent the number of deaths (upper) 
and the number of patients (lower) in each subgroup. HRs for mor-

tality with 95% CIs are shown for each class and the global variable 
(age). RECPAM Results of RECursive Partitioning and Amalgama-
tion, HR hazard ratio, CI confidence interval, AER albumin excretion 
rate, CVD cardiovascular disease, eGFR estimated glomerular filtra-
tion rate, HbA1c hemoglobin A1c, LDL-C LDL cholesterol
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< 60 mL min−1·1.73 m−2, with no difference between G1 
and G2 category and also between G2a and G2b. RECPAM 
analysis showed that this was the case in subjects without 
CKD, but not in the whole cohort, in which the threshold for 
increased mortality risk was set at an eGFR level between 
G2a and G2b (72–79 mL min−1·1.73 m−2), i.e., still in the 
normal (or non-reduced) range, consistent with a previous 
report from the general population [13] and the cross-sec-
tional analysis of the RIACE cohort [23]. Moreover, a thresh-
old between G3a and G3b (i.e., 48–49 mL min−1·1.73 m−2) 
further discriminated among subjects with CKD, no matter 
whether they had or had not CVD.

Overall, the presence of CKD did not appear to explain all 
the excess mortality risk conferred by diabetes, except than 
in older individuals. In fact, in subjects aged < 55 years with 
normal AER and eGFR values, mortality was still two-to-
three fold higher in diabetic than in the general population. 
Conversely, in patients aged ≥ 75 years falling in the lowest 
albuminuria or the highest eGFR category, excess mortal-
ity over non-diabetic individuals was no longer detectable. 
This finding is consistent with two recent reports from the 

Swedish National Diabetes Register showing that, in addi-
tion to glycemic control, the presence of CKD is a major 
determinant of excess risk of death in patients with type 1 
[19] and type 2 [20] diabetes.

Other correlates of death were CVD, HbA1c, and lipid 
parameters. In particular, CVD was the main correlate of 
death in patients, especially males, with albuminuria in the 
normoalbuminuria or low microalbuminuria range (i.e.,  
≤ 44 mg day−1), whereas albuminuria further discrimi-
nated among subjects without CVD and eGFR further dis-
criminated among those with and without CVD. Moreover, 
the surprising finding that LDL cholesterol (in the whole 
cohort and in subjects without CKD) was inversely related 
to mortality risk is difficult to explain and requires further 
investigation. In fact, it does not simply reflect the fact 
that subjects with lower LDL cholesterol levels were more 
frequently on lipid-lowering treatment because of a more 
complicated disease, since it applied also to patients not on 
statin treatment and only to those without CVD.

Strengths of our study include the large size of the 
cohort, the completeness of baseline and follow-up data, 

Fig. 3   RECPAM analysis for identification of patient subgroups with 
different mortality risks in the patients without CKD. The analysis 
was conducted on patients with calculable LDL cholesterol values. 
The data in the circles and rectangles represent the number of deaths 
(upper) and the number of patients (lower) in each subgroup. HRs for 
mortality with 95% CIs are shown for each class and the global vari-

able (age). RECPAM Results of RECursive Partitioning and Amalga-
mation, CKD chronic kidney disease, HR hazard ratio, CI confidence 
interval, M males, F females, CVD cardiovascular disease, HbA1c 
hemoglobin A1c, LDL-C LDL cholesterol, LLT lipid-lowering treat-
ment, AER albumin excretion rate
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and the analysis of a contemporary and real-life dataset, 
and the statistical analysis combining standard Cox regres-
sion and RECPAM method. Furthermore, we are confi-
dent that our cohort may be representative of non-dialytic 
patients with type 2 diabetes attending tertiary referral 
outpatients Diabetes Clinics in Italy. The main limitation 
is that these individuals do not represent the totality of 
patients with type 2 diabetes in Italy, as a significant pro-
portion of them is followed by the general practitioner 
or secondary referral centers. Potential limitations con-
cerning non-centralized measurements of albuminuria and 
creatinine and the use of funduscopy in the assessment of 
DR have been extensively addressed in previous reports 
[21–24, 26, 27].

In conclusion, this study supports the concept that CKD 
is a major contributor to all-cause death in type 2 diabe-
tes. Though CKD-related mortality risk is much higher 
in younger individuals, CKD appears to fully account for 
excess risk of death associated with type 2 diabetes only in 
older patients. Higher albuminuria and lower eGFR, even 
in the normal range, identify individuals with increased 

mortality risk and further discriminate among subjects with 
and particularly without CVD.
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