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Abstract
Aims/hypothesis Non-albuminuric renal impairment has become the prevailing diabetic kidney disease (DKD) phenotype in
individuals with type 2 diabetes and an estimated GFR (eGFR) <60ml min−1 1.73 m−2. In the present study, we compared the
rate and determinants of all-cause death in individuals with this phenotype with those in individuals with albuminuric
phenotypes.
Methods This observational prospective cohort study enrolled 15,773 individuals with type 2 diabetes in 2006–2008. Based on
baseline albuminuria and eGFR, individuals were classified as having: no DKD (Alb−/eGFR−), albuminuria alone (Alb+/eGFR−),
reduced eGFR alone (Alb−/eGFR+), or both albuminuria and reduced eGFR (Alb+/eGFR+). Vital status on 31 October 2015 was
retrieved for 15,656 individuals (99.26%).
Results Mortality risk adjusted for confounders was lowest for Alb−/eGFR− (reference category) and highest for Alb+/
eGFR+ (HR 2.08 [95% CI 1.88, 2.30]), with similar values for Alb+/eGFR− (1.45 [1.33, 1.58]) and Alb−/eGFR+ (1.58
[1.43, 1.75]). Similar results were obtained when individuals were stratified by sex, age (except in the lowest age category)
and prior cardiovascular disease. In normoalbuminuric individuals with eGFR <45 ml min−1 1.73 m−2, especially with low
albuminuria (10–29 mg/day), risk was higher than in microalbuminuric and similar to macroalbuminuric individuals with
preserved eGFR. Using recursive partitioning and amalgamation analysis, prevalent cardiovascular disease and lower HDL-
cholesterol were the most relevant correlates of mortality in all phenotypes. Higher albuminuria within the
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normoalbuminuric range was associated with death in non-albuminuric DKD, whereas the classic ‘microvascular signa-
tures’, such as glycaemic exposure and retinopathy, were correlates of mortality only in individuals with albuminuric
phenotypes.
Conclusions/interpretation Non-albuminuric renal impairment is a strong predictor of mortality, thus supporting a major prog-
nostic impact of renal dysfunction irrespective of albuminuria. Correlates of death partly differ from the albuminuric forms,
indicating that non-albuminuric DKD is a distinct phenotype.
Trial registration: ClinicalTrials.gov NCT00715481

Keywords Albuminuria . All-cause mortality . Diabetic kidney disease . Glomerular filtration rate . Type 2 diabetes

Abbreviations
ACR Albumin-to-creatinine ratio
CKD Chronic kidney disease
CVD Cardiovascular disease
DKD Diabetic kidney disease
eAER Estimated AER
eGFR Estimated GFR
eWC Estimated waist circumference
KDIGO Kidney Disease: Improving Global

Outcomes
mAER Measured AER
NHANES III Third National Health and Nutrition

Examination Survey
RAS Renin–angiotensin system
RECPAM recursive partitioning and amalgamation
RIACE Renal Insufficiency And Cardiovascular

Events

Introduction

Recent data from the Third National Health and Nutrition
Examination Survey (NHANES III) have indicated that prev-
alence of diabetic kidney disease (DKD) among people with
diabetes has remained stable during the last decades [1],
though the prevalence of reduced estimated GFR (eGFR)
has increased, whereas that of albuminuria has decreased
[2]. These opposite trends in the two main DKD manifesta-
tions reflect changes that have occurred in the natural history
of DKD, which, in many individuals, does not recapitulate the
classic five-stage course [3].

In particular, the paradigm that eGFR loss starts after
macroalbuminuria has developed has been recently chal-
lenged [4, 5]. A cross-sectional analysis of the NHANES III
1988–1994 data revealed that 36.1% of diabetic individuals
with reduced eGFR (i.e. <60 ml min−1 1.73 m−2) were
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normoalbuminuric [6]. More recently, both longitudinal and
cross-sectional studies have demonstrated that non-
albuminuric renal impairment has become the prevailing
DKD phenotype in individuals with type 2 diabetes and re-
duced eGFR [7–11], and it is also frequently observed in in-
dividuals with type 1 diabetes [12–14].

Diabetes is associated with excess mortality mainly, but not
exclusively, from cardiovascular disease (CVD) [15]. The
NHANES III 1988–2000 data show that both increased albu-
minuria and reduced eGFR are independently associated with
all-cause and CVD mortality [16]. These findings were con-
firmed by largemeta-analyses from the general population [17,
18], high-CVD-risk cohorts (including diabetic individuals)
[18] and chronic kidney disease (CKD) cohorts [18, 19], which
also reported an increase in mortality for individuals with re-
duced eGFR values in the absence of albuminuria [17, 18].
Studies in type 1 [13] and type 2 [9, 10, 20, 21] diabetes also
showed that albuminuria and reduced eGFR are independently
associated with mortality and CVD and renal events, though
they provide conflicting estimates of outcome rates associated
with the non-albuminuric phenotype vs the albuminuric ones.

This study specifically assessed the rate and determinants
of all-cause mortality in individuals with type 2 diabetes and
non-albuminuric renal impairment compared with the albu-
minuric phenotypes, i.e., albuminuria with preserved or re-
duced eGFR.

Methods

The Renal Insufficiency And Cardiovascular Events (RIACE)
Italian multicentre study is an observational prospective co-
hort study of the impact of eGFR on morbidity and mortality
in individuals with type 2 diabetes [11]. The study was con-
ducted in accordance with the Declaration of Helsinki. The
study protocol was approved by the locally appointed ethics
committees and participants gave informed consent.

Participants The RIACE population consists of 15,773 white
individuals with type 2 diabetes (after excluding 160 individ-
uals with missing or implausible values), consecutively visit-
ing 19 hospital-based tertiary referral diabetes clinics of the
National Health Service throughout Italy (see electronic sup-
plementary material [ESM]) in the years 2006–2008.
Exclusion criteria were dialysis or renal transplantation.

The vital status of study participants on 31 October 2015
was verified by interrogating the Italian Health Card database
(http://sistemats1.sanita.finanze.it/wps/portal/), which provides
updated information on all current Italian residents [22].

Measurements At baseline, anamnestic, clinical and laborato-
ry data were obtained from all individuals using a standardised
protocol across study centres [11].

Study participants underwent a structured interview to col-
lect the following information: age, smoking status, known
diabetes duration, comorbidities and current glucose-, lipid-
and BP-lowering therapy.

BMIwas calculated fromweight and height and BPwas then
measured with a sphygmomanometer. Estimated waist circum-
ference (eWC)was calculated from log-transformedBMI values
using sex-specific linear regression equations derived fromwaist
measurements obtained in 4618 individuals [23].

HbA1c was measured by high-performance liquid chroma-
tography using DCCT-aligned methods; triacylglycerols, total
cholesterol and HDL-cholesterol were determined in fasting
blood samples by colorimetric enzymatic methods; non-HDL-
cholesterol was calculated by the formula: total cholesterol –
HDL-cholesterol; and LDL-cholesterol was calculated using
the Friedewald formula.

Presence of DKD was assessed by measuring albuminuria
and serum creatinine. As previously detailed [11, 24], AER
was measured from 24 h urine collections (measured AER
[mAER]) or estimated from albumin-to-creatinine ratio
(ACR) in early-morning first-voided urine samples, using a
conversion formula developed in individuals with type 1 dia-
betes (estimated AER [eAER]) [25], in keeping with a recent
report that eAER is more accurate than ACR in predicting
mAER [26]. Albuminuria was measured in fresh urine sam-
ples by immunonephelometry or immunoturbidimetry. For
each individual, 1–3 measurements were obtained; in cases
of multiple measurements, the geometric mean was used for
analysis. In individuals with multiple measurements, the con-
cordance rate between the first value and the geometric mean
was >90% for all albuminuria categories [24].

Individuals were assigned to one of the following categories
of albuminuria (mg/day): normoalbuminuria (A1, AER <30);
microalbuminuria (A2, AER 30-299); or macroalbuminuria
(A3, AER ≥300). Normoalbuminuric individuals were further
divided in those with normal (A1a, AER <10) and low (A1b,
10–29) albuminuria [27]. Serum (and urine) creatinine was
measured by the modified Jaffe method, traceable to isotope
dilution mass spectrometry, and eGFR was calculated by the
CKD Epidemiology Collaboration equation [28]. Individuals
were assigned to one of the following categories of eGFR
(ml min−1 1.73 m−2): G1 (≥90); G2 (60–89); G3a (45–59);
G3b (30–44); G4 (15–29); and G5 (<15). The G2 category
was further divided into G2a (75–89) and G2b (60–74), where-
as G4 and G5 were pooled (G4–5).

Based on albuminuria and eGFR, individuals were classi-
fied into the following DKD phenotypes [11]: no DKD (i.e.
G1A1, G2A1); albuminuria alone (albuminuric DKD with
preserved eGFR, i.e. G1A2, G2A2, G1A3, G2A3); reduced
eGFR alone (non-albuminuric DKD, i.e. G3A1, G4A1,
G5A1); or albuminuria and reduced eGFR (albuminuric
DKD with reduced eGFR, i.e. G3A2, G4A2, G5A2, G3A3,
G4A3, G5A3). The classification of individuals into
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albuminuria categories (ESM Table 1) and DKD phenotypes
(ESM Table 2) differed only slightly using eAER vs ACR
values.

In each centre, the presence of diabetic retinopathy was
evaluated by an expert ophthalmologist using dilated fundos-
copy. Individuals with mild or moderate non-proliferative di-
abetic retinopathy were classified as having non-advanced
diabetic retinopathy, whereas those with severe non-
proliferative diabetic retinopathy, proliferative diabetic reti-
nopathy or maculopathy were grouped into the advanced dia-
betic retinopathy category. Diabetic retinopathy grade was
assigned based on the worst eye [29].

Previous major acute CVD events, including myocardial
infarction, stroke, foot ulcer/gangrene/amputation and coro-
nary, carotid and lower limb revascularisation, were adjudicat-
ed based on hospital discharge records by an ad hoc commit-
tee in each centre [30].

Statistical analysisData are expressed asmean (SD) or median
(interquartile range) for continuous variables, and number of
cases (percentage) for categorical variables. Continuous vari-
ables were compared using one-way ANOVA or the non-
parametric Kruskal–Wallis test. The χ2 test was applied to
categorical variables.

Crude mortality rates were described as events per 1000
person-years, with 95% Poisson CIs. Death rates were also
adjusted for age and eventually for sex by a Poisson regres-
sion model. Kaplan–Meier survival probabilities for all-
cause mortality were estimated according to DKD pheno-
types and Kidney Disease: Improving Global Outcomes
(KDIGO) risk categories/subcategories. Differences were
analysed with the logrank statistic. HRs and their 95% CIs
according to DKD phenotypes and KDIGO risk categories/
subcategories were estimated by Cox proportional hazards
regression, adjusted for baseline age (model 1) or by CVD
risk factors and complications/comorbidities, i.e. age, sex,
smoking status, diabetes duration, HbA1c, BMI, eWC, tri-
acylglycerols, total cholesterol and HDL-cholesterol, lipid-
lowering treatment, systolic and diastolic BP, anti-
hypertensive treatment, diabetic retinopathy grade, any
CVD and any cancer (model 2).

The recursive partitioning and amalgamation (RECPAM)
method, which combines the advantages of standard Cox re-
gression and tree-growing techniques, was used to evaluate
interactions among covariates and identify homogeneous sub-
groups with distinct mortality risks within each DKD pheno-
type [31]. The set of variables entered in the algorithm was the
same of the Cox regression, except for LDL-cholesterol in
place of total cholesterol. Age was introduced as a global
variable and categorisation of values for continuous variables
was omitted to allow algorithm-based selection of the natural
cut-off points. Kaplan–Meier survival probabilities were esti-
mated according to the RECPAM final subgroups.

Tests were two sided, and a p value <0.05 was considered
statistically significant. Statistical analyses were performed
using SPSS version 21.0 (SPSS, Chicago, IL, USA) and
SAS Software Release 9.4 (SAS Institute, Cary, NC, USA).

Results

As reported in a recent analysis of the RIACE cohort assessing
the overall contribution of DKD to excess mortality in indi-
viduals with type 2 diabetes [22], valid information on vital
status was retrieved for 15,656 participants (99.3% of the
original cohort, see Table 1 for baseline clinical characteris-
tics). The prevalence of DKD phenotypes was 63.8% for no
DKD, 18.9% for albuminuric DKD with preserved eGFR
(16 .6% wi th mic roa lbuminu r i a and 2 .3% wi th
macroalbuminuria), 9.4% for non-albuminuric DKD and
7.9% for albuminuric DKD with reduced eGFR (5.5% with
microalbuminuria and 2.3% with macroalbuminuria).
Therefore, of individuals with reduced eGFR, the majority
(54.6%) were normoalbuminuric. As previously reported
[11], individuals with the non-albuminuric phenotype were
more frequently women and never smokers and had lower
HbA1c, systolic BP and diabetic retinopathy prevalence than
those with albuminuric DKD with either preserved or reduced
eGFR. In addition, they were older than participants with al-
buminuric DKDwith preserved eGFR, but not compared with
albuminuric DKD with reduced eGFR (Table 1).

At the time of the census, 12,054 (77.0%) patients were
alive, whereas 3602 (23.0%) individuals had died; the death
rate was 31.0 per 1000 person-years (95% CI 30.0, 32.0) over
a mean follow-up of 7.4 ± 2.1 years [22]. Crudemortality rates
(Table 2) and Kaplan–Meier estimates (Fig. 1a) were lowest
for no DKD and highest for albuminuric DKD with reduced
eGFR, with a higher death rate for non-albuminuric DKD than
for albuminuric DKD with preserved eGFR. However, the
age-adjusted mortality rates for albuminuric DKD with re-
duced eGFR and non-albuminuric DKD were similar (Table
2), as were those adjusted for age and sex (29.98 vs 31.55 per
1000 person-years). At Cox regression adjusted for age (Fig.
1b) and multiple confounders (Fig. 1c), the HRs were similar
for albuminuric DKD with preserved eGFR and non-
albuminuric DKD, and lower for both than for albuminuric
DKD with reduced eGFR. Other independent correlates of
death were age, male sex, smoking, HbA1c, total cholesterol
and HDL-cholesterol, lipid-lowering and anti-hypertensive
treatment, diabetic retinopathy, CVD and cancer (ESM Table
3). The results were virtually identical when using ACR in-
stead of eAER values (ESM Table 3 and ESM Fig. 1).

Also, when individuals were stratified by sex (ESM Fig. 2
and ESM Table 4), age category (ESM Fig. 3 and ESM Table
4) and prior CVD (Fig. 2), the HRs were similar for albumin-
uric DKD with preserved eGFR and non-albuminuric DKD,
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Table 1 Baseline clinical characteristics of participants with valid information on vital status on 31 October 2015, as a whole and stratified by DKD
phenotype

Variable Overall Alb−/eGFR− Alb+/eGFR− Alb−/eGFR+ Alb+/eGFR+ p

n (%) 15,656 (100) 9984 (63.77) 2966 (18.94) 1476 (9.43) 1230 (7.86)

Age, years 66.6 ± 10.3 64.8 ± 10.0 66.0 ± 10.1 74.4 ± 8.1 73.2 ± 9.1 <0.0001

Sex, n (%) <0.0001

Female 6754 (43.14) 4510 (45.17) 891 (30.04) 889 (60.23) 464 (37.72)

Male 8902 (56.86) 5474 (54.83) 2075 (69.96) 587 (39.77) 766 (62.28)

Smoking status, n (%) <0.0001

Never 8849 (56.52) 5810 (58.19) 1449 (48.85) 935 (63.35) 655 (53.25)

Former 4407 (28.15) 2644 (26.48) 926 (31.22) 417 (28.25) 420 (34.15)

Current 2400 (15.33) 1530 (15.32) 591 (19.93) 124 (8.40) 155 (12.60)

Diabetes duration, years 13.2 ± 10.2 11.9 ± 9.6 13.8 ± 10.0 16.4 ± 11.3 18.3 ± 10.9 <0.0001

HbA1c, mmol/mol 59.0 ± 16.4 57.4 ± 15.4 62.6 ± 18.3 59.4 ± 15.8 62.3 ± 18.8 <0.0001

HbA1c, % 7.55 ± 1.50 7.40 ± 1.41 7.88 ± 1.68 7.58 ± 1.45 7.85 ± 1.65

Glucose-lowering treatment, n (%) <0.0001

Lifestyle 2113 (13.50) 1575 (15.78) 285 (9.61) 163 (11.04) 90 (7.32)

Non-insulin 9619 (61.44) 6401 (64.11) 1795 (60.52) 844 (57.18) 579 (47.07)

Insulin 3924 (25.06) 2008 (20.11) 886 (29.87) 469 (31.78) 561 (45.61)

BMI, kg/m2 28.96 ± 5.14 28.74 ± 5.11 29.59 ± 5.27 29.06 ± 5.12 29.14 ± 5.05 <0.0001

eWC, cm 102.5 ± 10.4 102.0 ± 10.3 104.1 ± 10.9 102.3 ± 10.1 103.0 ± 10.2 <0.0001

Triacylglycerols, mmol/l 1.33 (0.97, 1.89) 1.28 (0.93, 1.77) 1.42 (1.02, 2.03) 1.45 (1.07, 2.05) 1.60 (1.18, 2.25) <0.0001

Total cholesterol, mmol/l 4.78 ± 0.99 4.79 ± 0.96 4.76 ± 1.02 4.79 ± 1.02 4.78 ± 1.09 0.080

HDL-cholesterol, mmol/l 1.29 ± 0.35 1.32 ± 0.35 1.25 ± 0.35 1.27 ± 0.36 1.20 ± 0.36 <0.0001

Non-HDL-cholesterol, mmol/l 3.49 ± 0.95 3.47 ± 0.93 3.51 ± 1.00 3.52 ± 0.95 3.58 ± 1.02 <0.0001

LDL-cholesterol, mmol/l 2.79 ± 0.84 2.81 ± 0.83 2.75 ± 0.85 2.77 ± 0.86 2.73 ± 0.88 <0.0001

Lipid-lowering therapy, n (%) 7238 (46.23) 4382 (43.89) 1379 (46.49) 807 (54.67) 670 (54.47) <0.0001

Dyslipidaemia, n (%) 12,856 (82.12) 8190 (82.03) 2406 (81.12) 1241 (84.08) 1019 (82.85) <0.0001

Systolic BP, mmHg 138.1 ± 18.0 137.0 ± 17.3 140.3 ± 18.8 138.6 ± 18.7 140.9 ± 19.6 <0.0001

Diastolic BP, mmHg 78.8 ± 9.4 78.8 ± 9.2 79.7 ± 9.8 77.4 ± 9.7 77.6 ± 10.1 <0.0001

Pulse pressure, mmHg 59.3 ± 15.7 58.1 ± 15.1 60.6 ± 15.9 61.2 ± 16.8 63.3 ± 17.3 <0.0001

Anti-hypertensive therapy, n (%) 11,072 (70.72) 6347 (63.57) 2339 (78.86) 1270 (86.04) 1116 (90.73) <0.0001

RAS blockers, n (%) 9340 (59.66) 5258 (52.66) 2051 (69.15) 1072 (72.63) 959 (77.97) <0.0001

Hypertension, n (%) 13,096 (83.65) 7906 (79.19) 2650 (89.35) 1371 (92.89) 1169 (95.04) <0.0001

Antiplatelet therapy, n (%) 6248 (39.91) 3428 (34.33) 1339 (45.14) 782 (52.98) 699 (56.83) <0.0001

Anticoagulant therapy, n (%) 669 (4.27) 264 (2.64) 161 (5.43) 125 (8.47) 119 (9.67) <0.0001

Diabetic retinopathy, n (%) <0.0001

No 12,189 (77.86) 8273 (82.86) 2072 (69.86) 1129 (76.49) 715 (58.13)

Non-advanced 1947 (12.44) 1065 (10.67) 447 (15.07) 195 (13.21) 240 (19.51)

Advanced 1520 (9.71) 646 (6.47) 447 (15.07) 152 (10.30) 275 (22.36)

AER, mg/24 h 13.6 (6.8, 33.2) 9.3 (5.1, 15.2) 70.0 (42.7, 146.9) 10.51 (5.7, 17.3) 125.5 (57.2, 400.9) <0.0001

AER categories <0.0001

A1 (normoalbuminuria) 11,460 (73.20) 9984 (100) 0 (0) 1476 (100) 0 (0)

A1a (normal albuminuria) 5990 (38.26) 5299 (53.07) 0 (0) 691 (46.82) 0 (0)

A1b (low albuminuria) 5470 (34.94) 4685 (46.93) 0 (0) 785 (53.18) 0 (0)

A2 (microalbuminuria) 3465 (22.13) 0 (0) 2599 (87.63) 0 (0) 866 (70.41)

A3 (macroalbuminuria) 731 (4.67) 0 (0) 367 (12.37) 0 (0) 364 (29.59)

Serum creatinine, μmol/l 81.1 ± 34.5 70.8 ± 15.7 74.0 ± 17.0 114.2 ± 35.1 142.6 ± 70.0 <0.0001

eGFR, ml min−1 1.73 m−2 80.3 ± 21.0 87.8 ± 14.1 86.3 ± 15.2 48.5 ± 9.5 43.0 ± 12.3 <0.0001

eGFR categories (ml min−1 1.73 m−2) <0.0001

G1 (≥90) 5776 (36.89) 4564 (45.71) 1212 (40.86) 0 (0) 0 (0)
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except in participants aged <55 years. In this age category,
individuals with non-albuminuric DKD showed the highest
mortality risk; however, there were only 22 participants in this
category and their adjusted HR was significantly higher than
that of participants with albuminuria alone (n = 396) (p <
0.001), but not of those with both alterations (n = 55) (p =
0.344). Independent correlates of death were similar between
men and women and individuals with and without CVD, ex-
cept for HDL-cholesterol, which was associated with mortal-
ity only in women and participants without CVD (not shown).

Crude mortality rates increased with increasing albumin-
uria and decreasing eGFRKDIGO categories (except between
G2a and G2b) (Table 2). In the adjusted Cox regression anal-
ysis, normoalbuminuric individuals with an eGFR 45–
59 ml min−1 1.73 m−2 (G3aA1a and b) had similar HRs
(1.32 and 1.39, respectively), whereas those with an eGFR
30–44 ml min−1 1.73 m−2 (G3bA1a and b) had higher HRs
(1.85 and 2.25, respectively), compared with individuals with
microalbuminuria and preserved eGFR (G1A2-G2A2; HRs
1.31 to 1.39). Moreover, normoalbuminuric individuals with
an eGFR 45–59ml min−1 1.73m−2 (G3aA1a and b) had lower
HRs, whereas those with an eGFR 30–44 ml min−1 1.73 m−2

(G3bA1a and b), especially if in the low albuminuria range,
had similar HRs to individuals with macroalbuminuria and
preserved eGFR (G1A3-G2A3; HRs 1.71 to 2.48) (Fig. 3).

Using RECPAM analysis, history of CVD was the most
relevant correlate of mortality in all phenotypes, followed by
lower levels of HDL-cholesterol (Figs. 4 and 5). Furthermore,

the following variables were associated with higher mortality in
a DKD phenotype-dependent manner: higher AER within the
normoalbuminuric range, lower LDL-cholesterol and higher
eWC in non-albuminuric DKD (Fig. 4); presence of any dia-
betic retinopathy, higher HbA1c, male sex and lower diastolic
BP in albuminuric DKD with preserved eGFR (Fig. 5a); and
longer diabetes duration, male sex and no lipid-lowering treat-
ment in albuminuric DKD with reduced eGFR (Fig. 5b). The
Kaplan–Meier curves for each DKD phenotype according to
the RECPAM final subgroups are presented in ESM Fig. 4.

Regarding the non-albuminuric phenotype, RECPAM
analysis identified eight subgroups with distinct mortality
risks (Fig. 4 and ESM Table 5). As in the other phenotypes,
history of CVD was the most relevant correlate of subsequent
death, which was more likely in participants with HDL-
cholesterol ≤ 1.14 mmol/l (class 1; HR 3.8) than in those with
HDL-cholesterol above this threshold and, within the latter
group, in individuals with LDL-cholesterol ≤2.64 mmol/l
(class 2; HR 2.9) than in those with values above this thresh-
old (class 3; HR 1.9). Among participants without CVD, risk
of death was higher in individuals with AER >8.3 mg/day and
particularly in those with AER >13.6 mg/day and eWC
>104 cm (class 4; HR 3.0) than in those with values at or
below these cut-offs (class 5; HR 2.0 and class 6; HR 1.6,
respectively). Finally, among participants without CVD and
with AER ≤ 8.3 mg/day, those with HDL-cholesterol ≤
1.17 mmol/l had a higher risk (Class 7; HR 1.7) than those
with HDL-cholesterol >1.17 mmol/l (Class 8; reference).

Table 1 (continued)

Variable Overall Alb−/eGFR− Alb+/eGFR− Alb−/eGFR+ Alb+/eGFR+ p

G2 (60–89) 7174 (45.82) 5420 (54.29) 1754 (59.14) 0 (0) 0 (0)

G2a (75–89) 4268 (27.26) 3295 (33.00) 973 (32.81) 0 (0) 0 (0)

G2b (60–74) 2906 (18.56) 2125 (21.28) 781 (26.33) 0 (0) 0 (0)

G3 (30–59) 2427 (15.50) 0 (0) 0 (0) 1408 (95.39) 1019 (82.85)

G3a (45–59) 1667 (10.65) 0 (0) 0 (0) 1036 (70.19) 631 (51.30)

G3b (30–44) 760 (4.85) 0 (0) 0 (0) 372 (25.20) 388 (31.54)

G4–5 (<30) 279 (1.78) 0 (0) 0 (0) 68 (4.61) 211 (17.15)

CVD, n (%)

Any 3620 (23.12) 1770 (17.73) 793 (26.74) 495 (33.54) 562 (45.69) <0.0001

Acute myocardial infarction 1742 (11.13) 880 (8.81) 344 (11.60) 258 (17.48) 260 (21.14) <0.0001

Coronary revascularisation 1579 (10.09) 809 (8.10) 320 (10.79) 230 (15.58) 220 (17.89) <0.0001

Any coronary event 2396 (15.30) 1218 (12.20) 478 (16.12) 351 (23.78) 349 (28.37) <0.0001

Stroke 513 (3.28) 231 (2.31) 123 (4.15) 70 (4.74) 89 (7.24) <0.0001

Carotid revascularisation 856 (5.47) 370 (3.71) 191 (6.44) 129 (8.74) 166 (13.50) <0.0001

Any cerebrovascular event 1292 (8.25) 573 (5.74) 296 (9.98) 187 (12.67) 236 (19.19) <0.0001

Ulcer/gangrene/amputation 556 (3.55) 197 (1.97) 164 (5.53) 70 (4.74) 125 (10.16) <0.0001

Lower limb revascularisation 450 (2.87) 178 (1.78) 102 (3.44) 68 (4.61) 102 (8.29) <0.0001

Any peripheral event 883 (5.64) 346 (3.47) 226 (7.62) 123 (8.33) 188 (15.28) <0.0001

Cancer, n (%) 1031 (6.59) 598 (5.99) 212 (7.15) 112 (7.59) 109 (8.86) <0.0001

Values are mean ± SD or median (interquartile range) for continuous variables, and number of cases (%) for categorical variables
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Discussion

Non-albuminuric renal impairment has become the prevailing
DKD phenotype in individuals with type 2 diabetes and re-
duced eGFR, though it is still unclear whether it differs from

the albuminuric phenotypes regarding the pathogenesis, prog-
nosis and possibly treatment.

The increasing prevalence of the non-albuminuric DKD
phenotype over the last decades may reflect the increasing
age of the population, but the increase in prevalence of

Table 2 Mortality rates according to DKD phenotype and KDIGO risk category and subcategory

Characteristic n Events Per cent events Events per 1000
person-years (95% CI),
unadjusted

p Events per 1000
person-years (95% CI),
age adjusted

p

DKD phenotype <0.0001 <0.0001

Alb−/eGFR− 9984 1536 15.38 19.87 (18.87, 20.86) 18.39 (17.51, 19.29)

Alb+/eGFR− 2966 793 26.74 36.79 (34.23, 39.35) 31.77 (29.69, 33.98)

Alb−/eGFR+ 1476 604 40.92 61.49 (56.59, 66.40) 30.62 (15.15, 33.34)

Alb+/eGFR+ 1230 669 54.39 90.25 (83.41, 97.08) 48.65 (44.86, 52.70)

KDIGO category <0.0001 <0.0001

KDIGO subcategory <0.0001 <0.0001

A1G1 4564 461 10.10 12.69 (11.54, 13.85) 17.60 (16.17, 19.14)

A1aG1 2410 236 9.79 12.34 (10.77, 13.92) 17.72 (15.75, 19.94)

A1bG1 2154 225 10.45 13.08 (11.37, 14.79) 17.38 (15.40, 19.60)

A1G2 5420 1075 19.83 26.22 (24.66, 27.79) 18.78 (17.65, 19.96)

A1aG2a 1760 262 14.89 19.16 (16.84, 21.48) 15.08 (13.46, 16.91)

A1aG2b 1129 230 20.37 20.08 (16.58, 23.58) 19.08 (16.87, 21.56)

A1bG2a 1535 340 22.15 29.74 (26.58, 32.91) 21.19 (19.14, 23.47)

A1bG2b 996 243 24.40 32.87 (28.74, 37.01) 21.36 (19.14, 23.47)

A1G3 1408 566 40.20 60.11 (55.16, 65.07) 30.19 (27.68, 32.97)

A1aG3a 513 172 35.53 47.61 (40.49, 54.72) 24.92 (21.58, 28.78)

A1aG3b 152 69 45.39 72.09 (55.08, 89.10) 35.68 (28.58, 44.55)

A1bG3a 523 199 38.05 55.87 (48.11, 63.64) 28.64 (25.02, 32.81)

A1bG3b 220 126 57.27 98.14 (81.00, 115.27) 46.28 (39.12, 54.74)

A1G4-5 68 38 55.88 93.33 (63.66, 123.01) 41.04 (30.47, 55.29)

A1aG4-5 26 11 42.31 63.31 (25.90, 100.73) 34.28 (19.84, 59.24)

A1bG4-5 42 27 64.29 98.14 (81.00, 115.27) 45.59 (32.06, 64.89)

A2G1 1072 178 16.60 21.39 (18.25, 24.53) 28.12 (24.55, 32.22)

A2G2 1527 483 31.63 45.08 (41.06, 49.10) 30.28 (27.76, 33.07)

A2G2a 861 251 29.15 41.02 (35.95, 46.09) 29.30 (26.07, 32.94)

A2G2b 666 232 34.83 50.49 (43.99, 56.99) 32.04 (28.32, 36.22)

A2G3 765 376 49.15 77.82 (69.95, 85.68) 39.95 (36.04, 44.33)

A2G3a 504 216 42.86 65.55 (56.81, 74.30) 35.65 (31.30, 40.59)

A2G3b 261 160 61.30 104.11 (87.98, 120.24) 49.48 (42.55, 57.55)

A2G4-5 101 65 64.36 129.57 (98.07, 161.06) 65.02 (51.71, 81.75)

A3G1 140 37 26.43 35.99 (24.39, 47.58) 49.98 (37.10, 67.27)

A3G2 227 95 41.85 63.72 (50.91, 76.54) 49.43 (40.96, 59.60)

A3G2a 112 50 44.64 68.35 (49.40, 87.29) 57.55 (44.51, 74.34)

A3G2b 115 45 39.13 59.27 (41.95, 76.58) 43.24 (33.00, 56.69)

A3G3 254 144 56.69 92.05 (77.01, 107.08) 57.90 (49.58, 67.60)

A3G3a 127 65 51.18 79.15 (59.91, 98.40) 53.82 (42.93, 67.47)

A3G3b 127 79 62.20 106.30 (82.86, 129.74) 62.91 (51.14, 77.37)

A3G4-5 110 84 76.36 168.07 (133.20, 202.94) 102.58 (83.90, 125.29)
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reduced eGFR was observed in both younger and older indi-
viduals from the NHANES III 1988–1994 cohort [2]. More
likely, it may be related to the increasingly widespread use of
blockers of the renin–angiotensin system (RAS) [2],
favouring prevention of albuminuria and/or regression of
micro/macroalbuminuria to normoalbuminuria [32, 33].
However, the NHANES III 1988–1994 findings only partly
support this hypothesis, as reduction of albuminuria was as-
sociated with an absolute, not relative, increase in prevalence
of reduced eGFR [2]. In addition, the progressive lowering of
average blood pressure during the past two decades among
adults with diabetes may have resulted in reduction of renal
perfusion pressure and, hence, of eGFR in some of these in-
dividuals [2]. The increasing prevalence of the non-
albuminuric phenotype may also reflect the continuing de-
crease in mortality [34] and progression to end-stage renal
disease [35] observed in recent years in diabetic people be-
cause of improved treatment, but reduction in mortality was
confined to individuals with albuminuria (see below). The
weak association with diabetic retinopathy and the lack of
association with HbA1c [6, 11, 36] suggest that non-
albuminuric DKD may represent a distinct phenotype, with
macroangiopathy instead of microangiopathy as the prevail-
ing underlying pathology [4, 5]. This would be the case espe-
cially in individuals with type 2 diabetes, who present with
several CVD risk factors in addition to hyperglycaemia, in-
cluding hypertension, dyslipidaemia, central obesity and age-
ing itself, all of which may contribute to renal injury, though to
a varying extent in each individual [4, 5]. Unfortunately, the

clinical phenotype cannot be related to a specific anatomical
phenotype, with presence or absence of albuminuria corre-
sponding to typical glomerular or atypical vascular and/or
tubulo-interstitial lesions, respectively. In fact, among individ-
uals with reduced eGFR, those with micro/macroalbuminuria
were found to have typical glomerular lesions, whereas half of
those with normoalbuminuria showed atypical lesions, but the
other half still presented with diabetic glomerulosclerosis,
though associated with varying degrees of arteriosclerosis
[37]. Moreover, a wide spectrum of renal pathology, including
atypical lesions, was also observed in individuals with type 2
diabetes with preserved renal function and microalbuminuria
[38], whereas typical (glomerular) microangiopathic lesions
were detected in individuals with type 1 diabetes and
normoalbuminuric renal impairment [39]. For these reasons,
true diabetic nephropathy (glomerulosclerosis) cannot be dis-
tinguished on a clinical basis from ischaemic or hypertensive
renal disease occurring in individuals with type 2 diabetes,
thus prompting the use of DKD to encompass all types of
renal dysfunction occurring in diabetic individuals, except
for those of true non-diabetic nature [2, 4, 5].

To date, few data are available on the rate of death in both
diabetic and non-diabetic individuals presenting with non-
albuminuric DKD. Two meta-analyses from the general pop-
ulation [17, 18] and high-CVD-risk cohorts (including diabet-
ic individuals) [18] showed that all-cause and CVD mortality
increase for eGFR values below 45 or 60mlmin−1 1.73m−2 in
the presence of ACR <10 mg/g or dipstick-negative protein-
uria. Information on mortality rates associated with the non-
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Fig. 1 Cumulative survival by
Kaplan–Meier analysis (a) and
Cox proportional hazards
regression, adjusted for age (b)
and multiple confounders (c),
according to DKD phenotype.
Percentages for death (a) or HRs
(95% CI) for mortality (b, c) are
shown for each phenotype;
p < 0.0001 across the phenotypes
by logrank statistic (a) and Cox
proportional hazards regression
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purple, Alb+/eGFR+ (albuminuric
DKD with reduced eGFR). Ref,
reference

2284 Diabetologia (2018) 61:2277–2289



albuminuric phenotype has been derived from studies in indi-
viduals with type 2 diabetes, though the results are not uni-
vocal. A post hoc analysis of the Action in Diabetes and
Vascular disease: preterAx and diamicroN-MR Controlled
Evaluation (ADVANCE) study (10,640 participants) showed
that risk of CVD death associated with non-albuminuric DKD

was similar to that of microalbuminuria with an eGFR
≥90 ml min−1 1.73 m−2 , but lower than that of
microalbuminuria with an eGFR 60–89 ml min−1 1.73 m−2

and of macroalbuminuria with an eGFR >60 ml min−1

1.73 m−2 [9]. Conversely, a post hoc analysis of the
Fenofibrate Intervention and Event Lowering in Diabetes
(FIELD) study (9795 participants) showed that the non-
albuminuric phenotype was associated with a higher risk of
CVD, non-CVD and all-cause death compared with that of
microalbuminuria with an eGFR >60 ml min−1 1.73 m−2 and
even of macroalbuminuria ≥90 ml min−1 1.73 m−2 [10].
However, the results of these two post hoc analyses might
have been affected by the selection criteria for trial entry,
resulting in a limited number of individuals with eGFR
<60 ml min−1 1.73 m−2, which did not allow grading of mor-
tality risk within the range of reduced eGFR. The community-
based Casale Monferrato Study (1565 persons) detected a sig-
nificant trend towards an increase in mortality risk with de-
creasing eGFR only in macroalbuminuric individuals [20]. In
contrast, in the Cardiovascular Health Study (691 older dia-
betic adults), the adjusted risk of death was similar for albu-
minuria alone and reduced cystatin C-based eGFR alone [40].
Linking the NHANES III data with the National Death Index
(1430 persons) revealed that the standardised 10 year mortal-
ity in the non-albuminuric phenotype was intermediate be-
tween the albuminuric DKD phenotypes without and with
reduced eGFR [21]. Of note, serial cross-sectional analyses
of the NHANES III data showed that mortality rates in adults
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with diabetes trended downward for individuals with in-
creased albuminuria, but increased for those with decreased
eGFR and normoalbuminuria from 1988 to 2006 [41]. These
time-dependent changes in mortality associated with albumin-
uria alone vs reduced eGFR alone may also explain, at least
partly, the different mortality data reported by previous studies
[9, 10, 20, 21, 40].

Our study specifically addressed mortality in individuals
with type 2 diabetes and non-albuminuric DKD and graded
the risk of death according to the extent of albuminuria and
eGFR loss within the normal and reduced range, respectively.
The results indicated that non-albuminuric renal impairment is
associated with a significant risk of death, despite the risk
associated with reduced eGFR values sometimes being
underestimated in the absence of albuminuria. The adjusted
HR of reduced eGFR alone was similar to that of albuminuria
alone. Moreover, in normoalbuminuric participants with
eGFR 45–59 ml min−1 1.73 m−2, risk was similar to that of
individuals with microalbuminuria alone and, in those with
eGFR <45 ml min−1 1.73 m−2, it was similar to that of partic-
ipants with macroalbuminuria alone.

These results are consistent with the very recent report from
NHANES III showing that, in the 2003–2006 population, age-
standardised mortality risk with non-albuminuric DKD was
indeed higher than for microalbuminuria alone and
macroalbuminuria with eGFR ≥90 ml min−1 1.73 m−2, but
lower than for macroalbuminuria with eGFR 60–89
60 ml min−1 1.73 m−2 [41]. Data from both the RIACE and
the NHANES III cohorts point to a major prognostic value of
CKD irrespective of albuminuria and indicate that changes in
treatment, particularly the increasing use of RAS blockers
resulting in lower blood pressure levels, have not impacted

favourably on mortality in the non-albuminuric phenotype.
The lack of effective therapeutic interventions in individuals
presenting with this phenotype may also be because, so far,
clinical trials have focused almost exclusively on individuals
with micro- or macroalbuminuria. The finding that, in individ-
uals aged <55 years, non-albuminuric DKD was associated
with the highest risk of death has no obvious explanation
and must be interpreted with caution owing to the very small
number of individuals in this group.

At RECPAM analysis, variables associated with mortality
risk in each DKD phenotype include history of CVD and
traditional CVD risk factors, consistent with the major contri-
bution of CVD to excess death in diabetic individuals [15].
Previous CVD events and HDL-cholesterol are the main de-
terminants of mortality in all DKD phenotypes, in accordance
with the strict relation of renal impairment with CVDmorbid-
ity and mortality [42] and the predictive value of HDL-
cholesterol for CVD outcomes in individuals with type 2 dia-
betes [43], especially in those on target for LDL-cholesterol
[44]. The inverse association of mortality with LDL-
cholesterol and diastolic BP (and with total cholesterol and
systolic BP in Cox regression analysis) likely represents an
indication effect, i.e. individuals with more complications
who are therefore at higher risk of death were treated more
intensively and, as a consequence, presented with lower cho-
lesterol and BP levels. In addition, this analysis demonstrates
that the other variables associated with all-cause mortality
differ among DKD phenotypes, thus supporting the concept
that the non-albuminuric form is distinct from the albuminuric
ones. In particular, AER levels within the normoalbuminuric
range, together with higher eWC, were shown to affect mor-
tality in individuals with non-albuminuric DKD without
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Fig. 4 RECPAM tree-growing
algorithm for identification of
Alb−/eGFR+ (non-albuminuric
DKD) participant subgroups with
different mortality risks. The
analysis was conducted on
individuals with calculable LDL-
cholesterol values. The data in the
circles and squares represent the
number of deaths (upper) and the
number of participants (lower) in
each subgroup. The squares
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prevalent CVD. Conversely, death in the non-albuminuric
phenotype was not associated with classic ‘microvascular sig-
natures’ such as glycaemic exposure (HbA1c, diabetes dura-
tion) and diabetic retinopathy, at variance with the albumin-
uric phenotypes and consistent with the hypothesis of a pre-
vailing macrovascular nature of underlying lesions [11].

The strengths of this study include the specific focus on the
non-albuminuric DKD phenotype, the large size of the cohort,
the completeness of baseline and follow-up data, the analysis
of a contemporary and real-life dataset and the application of
RECPAM analysis, which allowed the identification of clini-
cal features of subgroups with distinct mortality risks within
each DKD phenotype. Furthermore, our cohort may be con-
sidered as representative of type 2 diabetic individuals not
receiving dialysis attending tertiary referral diabetes clinics
in Italy. The main limitation is that these individuals do not

represent the totality of people with type 2 diabetes, as a pro-
portion are not followed in such centres. Other limitations are
the relatively low number of participants with eGFR
<30 ml min−1 1.73 m−2, the lack of information on causes of
death and the possible, though inevitable, misclassification of
some individuals into DKD phenotypes, due to the influence
of drug treatment on both albuminuria and serum creatinine
and imprecision of GFR estimation from creatinine, which
may cause either under- or overestimation of eGFR.
However, Rigalleau et al showed that correlation of eGFR
with isotopic GFR was not weaker in non-albuminuric than
in albuminuric individuals with reduced eGFR [45], indicat-
ing that the likelihood of eGFR underestimation is not restrict-
ed to the non-albuminuric phenotype. In addition, factors such
as age and use of RAS blockers, which may affect eGFR (and
albuminuria) and impact on mortality independently of renal
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function, were similar in non-albuminuric and albuminuric
individuals with reduced eGFR from the RIACE cohort (use
of RAS blockers was also similar in non-albuminuric and
albuminuric individuals with preserved eGFR). Other poten-
tial limitations of the methods have been extensively ad-
dressed elsewhere [11, 22–24, 29, 30, 36].

In conclusion, the non-albuminuric DKD phenotype is a
strong predictor of all-cause mortality in individuals with type
2 diabetes, particularly so in individuals with eGFR
<45 ml min−1 1.73 m−2, who have a risk of all-cause mortality
that is higher than individuals with microalbuminuria alone
and similar to those with macroalbuminuria alone, especially
if AER is in the low albuminuria range. Determinants of mor-
tality risk in non-albuminuric renal impairment differ, at least
in part, from those of the albuminuric forms, thus indicating
that this is a distinct phenotype. These data indicate a major
prognostic impact of CKD irrespective of albuminuria and
suggest that individuals with non-albuminuric DKD deserve
a higher level of attention and care than is generally provided.
In particular, the rising mortality rate associated with this in-
creasingly prevalent non-albuminuric DKD phenotype [41]
indicates the need for effective intervention strategies and
public health policies focusing on reduced eGFR.
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