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DKD: Epidemiologia e classificazione
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DISCLOSURE

In qualità di RELATORE, ai sensi dell’art.76 sul Conflitto di Interessi dell’Accordo
Stato-Regioni del 2 febbraio 2017, dichiaro che negli ultimi due anni ho avuto i
seguenti rapporti di finanziamento con soggetti portatori di interessi commerciali
in campo sanitario:

Eli Lilly, Boehringer, Astra-Zeneca, MundiPharma,  MSD,  Sanofi, Novo-Nordisk, 
Daiichi Sankyo, Bayer.

Dichiaro, inoltre, che i contenuti formativi esposti sono indipendenti da interessi
commerciali.
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15.3%

45.6%
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S. et al.S. De Cosmo et al. for AMD-Annals Study Group, NDT 2014Diap
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*Defined as low risk for developing mineral and bone disorders and cardiovascular complications if there are no other markers of kidney disease or CKD
CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate

Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. Kidney Int Suppl 2017;7:1

Stages of CKD are defined according to eGFR and degree of albuminuria

Albuminuria stages, description and range (mg/g)

A1 A2 A3

Normal to mildly
increased Moderately increased Severely increased

<30 30–300 >300

G
FR

 ca
te

go
rie

s,
 d

es
cr

ip
tio

n 
an

d 
ra

ng
e 

(m
l/

m
in

/1
.7

3 
m

2 )

G1 Normal or high ≥90

G2 Mildly decreased 60–89

G3a Mildly to moderately 
decreased 45–59

G3b Moderately to 
severely decreased 30–44

G4 Severely decreased 15–29

G5 Kidney failure <15

Stage 1-2
Albuminuric phenotype

24%

Stages 3-5

Albuminuric
CKD

phenotype

12%

Stage 3-5
Non

albuminuric
CKD

phenotype

11%

Stage 0
(no CKD)

53%

Penno G et al. J Hypertens 29: 1802-1809, 2011
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CKD
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Indicazioni alla Biopsia
 AKI  con o senza CKD 
 Severità della proteinuria 
 Positività test sierologici
 Sedimento urinario attivo

RISULTATI

- 227 (37%) Nefropatia Diabetica (DN) da sola

- 220 (36%) Nefropatie non Diabetiche (NDRD) da   sole

- 164 (27%) DN + NDRD

620 pazienti  con Diabete M. Tipo 2→ Biopsie renali afferenti ad un Singolo Centro (2011)
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De Cosmo S, et al., The AMD-Annals Study Group. Nephrol Dial Transplant, 29: 657-662, 2014

Kidney dysfunction and related cardiovascular risk factors among
patients with type 2 diabetes

Clinical features of 120,903 patients with type 2 diabetes: whole sample and division according to the presence/absence
of albuminuria or low eGFR
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Overall Alb-/eGFR- Alb-/eGFR+ Alb+/eGFR- Alb+/eGFR+
n=27,029 n=18,056 (67%) n=2,788 (10%) n=4,978 (18%) n=1,207 (5%) p

Male gender (n,%) 15,249 (56.4%) 10,146 (56.2%) 1,296 (46.5%) 3,156 (63.4%) 651 (53.9%) <.001
Age (years) 64±10 63±10 69±8 64±10 69±8 <.001
Duration of diabetes (years) 10±8 10±8 12±9 10±8 12±9 <.001

BMI (Kg/m2) 29.2±5 28.9±4.9 29.6±4.8 29.5±5.1 29.9±5 <.001
Serum creatinine (mg/dL) 0.85±0.17 0.83±0.16 0.92±0.16 0.84±0.16 0.94±0.16 <.001
eGFR (mL/min/1.73 m2) 85±13 87±13 74±10 87±13 74±10 <.001
eGFR >90 mL/min/1.73 m2 (n,%) 10,341 (38.3%) 7,908 (43.8%) 226 (8.1%) 2,103 (42.2%) 104 (8.6%) <.001
HbA1c (%) 7.2±1.3 7.2±1.2 7.3±1.3 7.3±1.3 7.6±1.4 <.001
HbA1c ≥7% (53 mmol/mol)(n, %) 14,194 (52.9%) 9,156(51.1%) 1,559 (56.4%) 2,751(55.7%) 728 (61%) <.001

Total cholesterol (mg/dL) 188±36 189±36 188±37 186±37 185±37 <.001
Triglycerides (mg/dL) 133±88 129±84 139±94 140±96 148±91 <.001
Triglycerides ≥150 mg/dl (n, %) 7,484 (29.2%) 4,727 (27.7%) 821 (31.2%) 1,510 (31.8%) 426 (37.1%) <.001
HDL-c (mg/dL) 52±15 53±15 52±15 51±15 50±15 <.001
HDL-c <40 mg/dL if male,
<50 mg/dL if female (n, %)

7,183 (28.3%) 4,539 (26.8%) 774 (29.6%) 1,486 (31.5%) 384 (33.9%) <.001

LDL-c (mg/dL) 111±32 112±32 110±33 109±33 107±34 <.001
LDL-c ≥100 mg/dL (n, %) 15,523 (61.9%) 10,585 (63.3%) 1,547 (60.2%) 2,759 (59.3%) 632 (56.8%) <.001
Systolic BP (mmHg) 139±18 138±18 142±18 139±18 143±18 <.001
Diastolic BP (mmHg) 80±9 80±9 80±9 80±9 80±9 .91
Systolic/Diastolic BP ≥140/85
mmHg (n, %)

1,3702 (59.1%) 8,828 (57.4%) 1,489 (64.4%) 2,670 (60.2%) 715 (69.2%) <.001

Retinopathy (n, %) 2,510 (9.3%) 1,499 (8.3%) 318 (11.4%) 541 (10.9%) 152 (12.6%) <.001

Baseline clinical characteristics by renal outcomes in 27,029 patients with T2DM 

Low eGFR & Albuminuria
• Age
• BMI
• Dyslipidemia
• Antihypertensive and antihyperglycemic

intensity of treatment

Low eGFR  
• Female
• Triglycerides

Albuminuria
• Male
• HbA1c
• Low HDL-C

S. De Cosmo et al. for AMD-Annals Study 
Group, Medicine, 2016
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n=19482
Rate 14.1%

eGFR<75 
mL/min/1.73 m2

n=4619
Rate 35.1%

eGFR≥75
mL/min/1.73 m2

n=14863
Rate 7.6%

Age≥62 years 
n=3611

Rate 39.4%

Age<62 years 
n=1008

Rate 19.7%

Age≥65 years 
n=6598

Rate 12.3%

Age<65 years 
n=8265

Rate 3.9%

Insulin
n=887

Rate 48.7%

No insulin
n=2724

Rate 36.3%

Female
gender
n=2947

Rate 14.5%

Male
gender
n=3651

Rate 10.5%

Female
gender
n=3277

Rate 5.1%

Male
gender
n=4988

Rate 3.1%

1 2
Triglycerides 
≥122 mg/dL

n=538
Rate 24.0%

Triglycerides 
<122 mg/dL

n=470
Rate 14.9%

3 4 7 85 6

OR=29.32
p<0.001

OR=18.71
p<0.001

OR=10.31
p<0.001

OR=5.93
p<0.001

OR=5.16
p<0.001

OR=3.60
p<0.001

OR=1.65
p<0.001

OR=1.00

RECPAM analysis
Hierarchical tree of glomerular filtration rate
(eGFR) <60 mL/min/1.73 m2 risk during
follow-up

S. De Cosmo et al. for AMD-Annals Study Group, Medicine, 2016Diap
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From Parving H-H, Am J Kidney Dis 1993
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Blood Pressure reduction conveys renal protection
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Viazzi F, Pontremoli R et al. J Am Heart Assoc 2017

Resistant hypertension and renal outcome in T2DM
The J curve relationship between BP and renal function 
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8.6%

14.5%

23.2%

32.2%

10.7%

20.6%

30.0%

38.4%

0%

10%

20%

30%

40%

50%

1 2 3 4

D
KD

Years from baseline

≥75% <75%

Blood pressure control

n= 12,995

De Cosmo S & Pontremoli R et al. Hypertension, 2016
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7,2%

12,1%

22,5%

31,0%

3,6%

8,6%

14,5%

25,1%

34,6%

4,9%

0%

10%

20%

30%

40%

50%

eGFR
reduction>30%

eGFR <60 Albuminuria DKD Albuminuria
and eGFR <60

No
Yes

(mL/min/1.73 m2)

Renal events

p=0.003

p<0.001 

(mL/min/1.73 m2)

p<0.001

p<0.001

p<0.001

Triglycerides ≥150 mg/dl

Russo G. et al  Diabetes Care. 2016 Dec;39(12):2278-2287.

7,1%

12,1%

22,3%

30,9%

3,5%

8,8%

14,3%

25,6%

34,8%

5,1%

0%

10%

20%

30%

40%

50%

No
Yes

HDL <40 mg/dL if male or <50 mg/dL if female

(mL/min/1.73 m2)
(mL/min/1.73 m2)

p<0.001

p<0.001 

p<0.001

p<0.001

p<0.001

Renal events
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Clin J Am Soc Nephrol, 2015.
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A.Ceriello et a. for AMD-Annals Study Group, DOM, 2017

HbA1c

SBP

LDL-cHDL-c

Outcome: albuminuria
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4,1%

8,2%
12,0%

16,0%

6,3%

13,2%

19,2%

24,8%

0%

10%

20%

30%

40%

50%

1 2 3 4

eG
FR

 <
60

 m
L/

m
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/1
.7

3 
m

2

Years from baseline
Cumulative incidence

Normoalbuminuria Albuminuria

l 17,160 patients
l Age: 64±9 years
l Diabetes duration: 11±8 years
l 59% male 
l eGR: >60 ml/min/1.73m2

eGFR >90 ALB-
34,3%

eGFR >90 ALB+
9,9%

eGFR 60-90 ALB-
43,2%

eGFR 60-90 
ALB+
12,7%

eGFR >90 ALB- eGFR >90 ALB+ eGFR 60-90 ALB- eGFR 60-90 ALB+

OR=1.0

OR=5.24

OR=2.94 OR=1.67
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Changes in albuminuria and renal outcome in patients
with hypertension and T2D 

Viazzi F, Pontremoli R et al.   J Hypertens 2018.

“ […] changes in albuminuria translate to changes in risk.”
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12,611 ptz with T2D and HT 
eGFR >60 ml/min independently by 
albuminuria
4-years f-up
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4.1%
17.8%

23.9%

47.0%

0

10

20

30

40

50

60

70

T2D alone T2D +
albuminuria

T2D + eGFR 
≤60 ml/min/1.73 m²

T2D + albuminuria 
+ eGFR 

≤60 ml/min/1.73 m²

No T2D or kidney
disease

×2.5

×3

>×5

Percentages indicate absolute excess mortality above the reference group (individuals with 
Kidney disease 

defined as albuminuria, impaired glomerular filtration or both. DKD, diabetic kidney disease; eGFR, estimated glomerular filtration rate; T2D, type 2 
diabetes. Afkarian M et al. J Am Soc Nephrol 2013;24:302 

no diabetes or kidney disease)
*Adults aged ≥20 years with diabetes mellitus participating in National Health and Nutrition Examination Surveys from 1988 to 2014; †

NHANES US population-based study (N=15,046)*

DKD is associated with increased mortality
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Penno G. et al. Acta Diabetologica https://doi.org/10.1007/s00592-018-1133-z

Albuminuria

eGFR
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N=208 patients, 69.3+11 yrs, N=97 T2DM
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*Adjusted for age, sex, and race/ethnicity. p-values are for trend
UACR, urine albumin-to-creatinine ratio

Prevalent cases of diabetic kidney disease in the United States accounting for persistence

Clinical manifestations of Kidney Disease among US Adults with DM 1988-2014
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Patients
n.

DM
%

Follow-up
years

Renal
impairment

Non-albuminuric
renal impairment

UKPDS 
Diabetes 55: 1832-1839, 2006

4,006 100 15 28% 67% (51%)

DCCT/EDIC
Diabetes Care 33: 1536-1543, 2010

1,439 100
(T1DM)

19 6.2% 24%

AMD Annals
Diabetes Metab Res Rev 2017 20,464 100

(T1DM) 19 23.5% 49%

MacIsaac RJ et al., 
Diabetes Care 27: 195-200, 2004

301 100 --- 36% 39%

Kramer HJ et al., NHANES III 
JAMA 289: 3273-3277, 2003

1,197 100 --- 13% 36%

Thomas MC et al., NEFRON
Diabetes Care 32: 1497-1502, 2009

3,893 100 --- 23% 55%

Ninomiya T et al., ADVANCE
J Am Soc Nephrol 20: 1813-1821, 2009

10,640 100 --- 19% 62%

Bakris GL et al., ACCOMPLISH
Lancet 375: 1173-1181, 2010

11,482 60 --- 9.5% 47%

Tube SW et al., ONTARGET/ 
TRASCEND
Circulation 123: 1098-1107, 2011

23,422 37 --- 24% 68%

Drury PL et al., FIELD
Diabetologia 54: 32-43, 2011

9,765 100 --- 5.3% 59%

RIACE Study Group, RIACE
J Hypertens 29: 1802-1809, 2011

15,773 100 --- 18.8% 57%

AMD ANNALS
NDT 2015 116,777 100 --- 21% 48%

Albuminuria is not a prerequisite for DKD
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Ekinci EI, Diabetes Care 2013

Normale
(paz. 1)

GS  e arteriosclerosi
(Paz.3)

Arteriosclerosi severa
(Paz.8)

Danno renale in T2DM  con CKD Normoalbuminurica
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S. De Cosmo et al., Acta Diabetol. 2014

Survival curves for all-cause mortality in T2DM patients according to 
presence/absence of albuminuria and low eGFR. 
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Penno G. et al, RIACE. Diabetologia 61: 2277-2289, 2018

MEAN FOLLOW-UP 7.4±2.1 
years

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.

Renal impairment is a strong predictor of mortality in individuals with type 2 diabetes: 
the Renal Insufficiency And Cardiovascular Events (RIACE) Italian multicentre study 

Alb-/eGFR-
Alb+/eGFR-
Alb-/eGFR+
Alb+/eGFR+
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Grazie per l’attenzione
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D’Errico M. et al., 2021

Subjects N=1,017; Events N= 114

HR 2.70 (95% CI 1.56–4.67)
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Albuminuria
• In the subset of subjects in whom albuminuria was available (n = 737), the 

presence at baseline of microalbuminuria or macroalbuminuria significantly
increased the risk of death.

• Compared to subjects with normoalbuminuria, which were the reference
category, subjects with microalbuminuria showed a twofold greater risk of 
death: HR 2.58 (95% CI 1.58–4.20; p < 0.001), adjusted HR 2.61 (95% CI 
1.48–4.60; p = 0.001), fully adjusted HR 2.09 (95% CI 1.17–3.73; p = 0.012). 

• This risk of death further increased in subjects with macroalbuminuria: 
HR 5.65 (95% CI 3.20–9.98; p < 0.001), adjusted HR 6.21 (95% CI 3.26–
11.82; p < 0.001), fully adjusted HR 4.26 (95% CI 2.18–8.33; p < 0.00
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Piscitelli P. et al. NMCVD, 2021

Low eGFR amplifies the risk of all-cause mortality associated to coronary 3-vessel disease

1
HR: 1.205 (0.626-2.319)
HR: 2.149 (1.278-3.615)
HR: 3.881 (2.256-6.676)

Subjects N=1,017; Events N= 114

No 3VD and eGFR >60 ml/min/1.73m2

Yes 3VD and eGFR >60 ml/min/1.73m2

No 3VD and eGFR <60 ml/min/1.73m2

Yes 3VD and eGFR <60 ml/min/1.73m2
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