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Why he is not here?
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Renal protection with blockers of the renin-angiotensin system (RAS)

Lewis EJ et al. N Eng J Med. 2001;345:851-860Brenner B et al. N Engl J Med. 2001;345:861-869

The Reduction of Endpoints in NIDDM 
with the Angiotensin II Antagonist 

Losartan (RENAAL) Study 

Renal composite
(doubling of serum 

creatinine, ESKD, or death)

The Irbesartan Diabetic 
Nephropathy Trial 

(IDNT) 

Risk reduction, 16%
P = 0.02

Risk reduction, 20%
P = 0.02
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Reduction of proteinuria and renal protection with RAS blockers

De Zeeuw D et al. Kidney Int. 2004;65:2309–2320

The Reduction of Endpoints in NIDDM with the Angiotensin II 
Antagonist Losartan (RENAAL) Study 
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Reduction of albuminuria and DKD progression

Coresh J et al. Lancet Diabetes Endocrinol. 2019;7:115-127
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DKD IN THE ABSENCE OF ALBUMINURIA
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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 
Diabetes, 1988-2014

p=0.39 p<0.001

p<0.001

40% 30% 20%

Afkarian M et al., JAMA 316: 602-610, 2016

2009-2014: eGFR <30;
PR 2.86, p<0.004 
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p=0.001
p=0.15

p<0.001

p<0.001

*Adjusted for age, sex, and race/ethnicity. p-values are for trend
UACR, urine albumin-to-creatinine ratio

Adults aged <65       Adults aged ≥65       Adults aged <65       Adults aged ≥65       

Prevalent cases of albuminuria and reduced eGFR in the United States by age

accounting for persistence

Clinical manifestations of Kidney Disease among US Adults with 
Diabetes, 1988-2014

Afkarian M et al., JAMA 316: 602-610, 2016
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Vol 1, CKD, Ch 1 10

Data Source: National Health and Nutrition Examination Survey (NHANES), 2007–2012 participants aged 20 & older. Single-
sample estimates of eGFR & ACR; eGFR calculated using the CKD-EPI equation. 

Afkarian M et al., JAMA 316: 602-610, 2016

Clinical manifestations of Kidney Disease among US Adults with 
Diabetes, 1988-2014
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Gaede P et al. Nephrol Dial Transplant. 2004;19:2784–2788

151 patients with type 2 diabetes and persistent microalbuminuria

The Steno-2 Study
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P=0.03 P=0.007

P=0.001

Normoalbuminuria
n=46

Microalbuminuria
n=58

Macroalbuminuria
n=47

median follow-up of 7.8 years

Remission/regression of albuminuria
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Diabetic Kidney Disease (DKD)

Penno G et al. J Hypertens. 2011;29:1802-1809

The Renal Insufficiency And Cardiovascular Events (RIACE) Study 

3
(30-59)
17.1%

2
(60-89)
51.7%

1
(≥90)
29.6%

4-5
(<30)
1.7%

eGFR (ml/min/1.73 m2)
3a 

(45-59)
12.4%

3b
(30-44)

4.7%

Normo 
(>300)
73.1%

Micro
(<30)
22.2%

Macro
(30-299)

4.7%

Albuminuria (mg/24 h)

Normal 
(<10)
38.2%
Low

(10-29)
34.9%

15,773 patients with type 2 diabetes
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Penno G et al. J Hypertens. 2011;29:1802-1809

Normoalbuminuria
& eGFR <60

n. 1,673 (56.6%)
Alb- eGFR+

Microalbuminuria
n. 912 (30.8%)

Macroalbuminuria
n. 374 (12.6%)

Albuminuria & eGFR <60
n. 1,286 (43.4%) Alb+ eGFR+

No albuminuria & eGFR ≥60
n. 9,865 (62.5%) Alb- eGFR -

Albuminuria & eGFR ≥60
n. 2,949 (18.7%) Alb+ eGFR-+

eGFR <60
n. 2,959 (18.8%)

+

The Renal Insufficiency And Cardiovascular Events (RIACE) Study 

Diabetic Kidney Disease (DKD)
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Pugliese G et al., NMCD, submitted (Joint Position Statement SID-SIN)

The prevalence of DKD phenotypes in different populations 
with type 1 and type 2 DM is increasing

• T2DM (Alb-DKD of all eGFR)

• NHANES 1988-1994 = 35.1%;   ➔ NHANES 2001-2008 = 51.8%

• Cross-sectional studies from several countries:

DEMAND GLOBAL 2003 40.1%

JDDM Japan 2004-2005 54.2%

NEFRON Australia 2005 54.1%

RIACE Italy 2006-2008 56.6%

Swedish National Diabetes Register Sweden 2007 61.9%

UK National Diabetes Audit UK 2007-2008 63.7%

AMD Annals Italy 2009 48.2%

Gao B. et al. China 2008-2009 69.9%

PERCEDIMED2 Spain 2011 69.4%

DPV/DIVE Registry Germany 2010-2017 68.3%

Diabetic Kidney Disease (DKD)
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Pugliese G et al., NMCD, submitted (Joint Position Statement SID-SIN); updated

The prevalence of DKD phenotypes in different populations 
with type 1 and type 2 DM is increasing

• T1DM (Alb-DKD of all eGFR)

• Cross-sectional studies from several countries:

FinnDiane FINLAND 1998-2005 15.5%

Penno G. et al. ITALY 2001-2009 58.6%

Pacilli A. et al. ITALY 2004-2011 48.9%

Lamacchia O. et al. ITALY 2004-2011 51.5%

UK National Diabetes Audit UK 2007-2008 54.4%

Colombo M. et al. Scotland 2010-2013 61.4%

Diabetic Kidney Disease (DKD)
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Penno G, et al., The RIACE Study Group. J Hypertens 29: 1802-1809, 2011

10.6% 18.7% 8.2%

Independent correlates of nonalbuminuric and albuminuric renal impairment (eGFR <60 ml/min per 1.73m2, stage ≥3 CKD) and albuminuria 
with nonreduced eGFR (eGFR ≥60 ml/min per 1.73m2, stages 1-2 CKD) vs. no CKD (eGFR ≥60 ml/min per 1.73m2 without albuminuria)

The Renal Insufficiency And Cardiovascular Events (RIACE) Study 

Diabetic Kidney Disease (DKD)
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Penno G, et al., The RIACE Study Group. Diabetes Care 36: 2301-2310, 2013

8,260 patients with type 2 diabetes from Italy

10.6%18.7% 8.2%

The Renal Insufficiency And Cardiovascular Events (RIACE) Study 

Diabetic Kidney Disease (DKD)
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De Cosmo S, et al., The AMD-

Annals Study Group. Nephrol Dial 

Transplant, 29: 657-662, 2014

Clinical features of 120,903 patients with type 2 diabetes: whole sample and 
divided according to the presence/absence of albuminuria or low eGFR

10.6% 18.7% 8.2%62.5%

11.3% 23.8% 12.2%52.6%

RIACE   →

Diabetic Kidney Disease (DKD)
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DKD IN THE ABSENCE OF ALBUMINURIA

ALB- DKD, MORTALITY & CVD (Type 2 DM; shortly)
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Ninomiya T et al., J Am Soc Nephrol 20: 1813-1821, 2009

Cardiovascular events Cardiovascular death Renal events

Albuminuria and eGFR independently predict cardiovascular
and renal outcomes in type 2 diabetes

10,640 patients with type 2 diabetes, aged ≥55 yr, and with at least on 

additional risk factor for CVD enrolled in the ADVANCE study
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Drury Pl et al., Diabetologia 54: 32-43, 2011

Albuminuria and eGFR independently predict cardiovascular events 
and death in type 2 diabetes

eGFR 30-59 ml/min

eGFR 60-89 ml/min

eGFR ≥90 ml/min

9,795 low-risk patients with type 2 diabetes enrolled in the FIELD Study

albuminuria present

no albuminuria

CV events (n. 1290; 13.2%, during an average follow-up of 5 yrs)

Ref

Adjusted HR
1.63 (1.20-2.20)
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Alb−/eGFR−
Alb+/eGFR−
Alb−/eGFR+
Alb+/eGFR+

Penno G et al; for the RIACE Study Group. Diabetologia, 61: 2277-2289, 2018

15,656 individuals with type 2 diabetes enrolled in the RIACE Study

Deaths (n. 3602; 23.0%, during an average follow-up of 7.4 yrs)

DKD phenotypes predict death in type 2 diabetes
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Penno G et al; for the RIACE Study Group. Diabetologia, 61: 2277-2289, 2018

15,656 individuals with type 2 diabetes enrolled in the RIACE Study

Deaths (n. 3602; 23.0%, during an average follow-up of 7.4 yrs)

Albuminuria and eGFR independently predict death in type 2 
diabetes
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Kramer H. et al, NHANES, Diabetes Care, 41: 775-781, 2018

Increasing mortality in adults with diabetes and eGFR
in the absence of albuminuria 

Adults with an eGFR <60 mL/min/1.73 m2 and an ACR <30 mg/g increased from 6.6%
of the total population with diabetes during years 1988–1994 to 10.1% of the total 

population with diabetes during years 2007–2010. 

Optimal management strategies are needed to reduce mortality in those 
with a low eGFR and an ACR <30 mg/g.
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276 su 972

28.4%
25.22 x 1000/anno

Garofolo M. et al, unpublished data

Kaplan-Meier curves showing incidence of vascular outcomes by 

DKD phenotypes: 972 T2DM subjects, follow-up 11.3±4.4 years

Major CV events

Follow-up, years

Coronary events

184 su 972

18.9%
16.03 x 1000/anno

Heart failure ESRD
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84 su 972

8.6%
6.80 x 1000/anno

71 su 972

7.3%
5.72 x 1000/anno
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Solini A. et al, The RIACE Study Group. Diabetes Care 35: 143-149, 2012

Logistic regression analysis of CVD events by vascular bed 
with CKD phenotypes as covariates

The RIACE (Renal Insufficiency and Cardiovascular Events) 
Italian Multicenter Study
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DKD IN THE ABSENCE OF ALBUMINURIA

ALB- DKD, MORTALITY & CVD (Type 2 DM; shortly)

ALB- DKD, MORTALITY & CVD (Type 1 DM; shortly)
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The presence and consequence of nonalbuminuric chronic kidney 

disease in patients with type 1 diabetes 
no CKD

Stages 1-2 CKD

Stages 3-5 CKD Alb-

Stages 3-5 CKD Alb+

Development of ESRD, CV events and all-cause mortality 
during 13 years of median follow-up

1 1

1,7

3,1

2,0
2,4

3,1

7,6 

0

1

2

3

4

5

6

7

8

CV events
415 (11.5%) *

All-cause mortality
406 (10.7%) **

HR

Thorn LM et al., Diabetes Care, 38: 2128-2133, 2015

* Adjusted for sex, age, BMI, sBP, HbA1c, non-HDL cholesterol, history of retinal laser tx, and current smoking; 

** Adjusted for age

0

10

20

30

40

50

60

70

0.3%

13.9%

1.3%

63.0%
%

ESRD 
378 (9.9%)
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Kaplan-Meier curves showing incidence of vascular ourcomes by 
DKD phenotypes: 736 T1DM subjects, follow-up 10.4±2.9 years

All-cause death *

Follow-up, years

Major CV events

Garofolo M. et al., J Diabetes 

Complications 32: 550-557, 2018*

& unpublished data

52 su 774

6.7%
6.36 x 1000/anno
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Coronary events

49 su 736

6.7%
6.42 x 1000/anno

35 su 736

4.8%
4.54 x 1000/anno
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DKD IN THE ABSENCE OF ALBUMINURIA

ALB- DKD, MORTALITY & CVD (Type 2 DM; shortly)

ALB- DKD, MORTALITY & CVD (Type 1 DM; shortly)

PROGRESSION TO ALB- DKD (Type 1 DM)
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Challenging conventional paradigms:

Diabetic kidney disease with and without albuminuria

Molitch ME et al., Diabetes Care 33: 1536-1543, 2010

DCCT/EDIC; 1439 type 1 DM patients

followed over a median of 19 years
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1350 (93.8%) 

with no sustained eGFR <60

89 (6.2%) 

developing sustained eGFR <60

50%

42%
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24%

16%

61%

no albuminuria

microalbuminuria

macroalbuminuria

no albuminuria

microalbuminuria before renal impairment

macroalbuminuria before renal impairment
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Krolewski AS et al., Early progressive renal decline precedes the onset of microalbuminuria and its 

progression to macroalbuminuria. Diabetes Care 37: 226-234, 2014.
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Progression and categories of progression of eGFR decline in 

patients with T1DM according to strata of albuminuria at entry into 

follow-up. At entry, eGFR was normal in all patients.

Krolewski AS et al., Kidney International 91: 1300-1311, 2017

*Colombo M et al., Diabetologia, submitted

Patients from the First and Second Joslin Kidney Studies in T1DM: 6-10 years of follow-up

eGFR decline 

per ml/yr

Normo-albuminuria

%

Micro-albuminuria

%

Macro-albuminuria

%

Total

%

<2.9 91% 78% 49% 81%

3-4.9 6% 11% 16% 8%

5-9.9 9% 2% 22% 7% 51% 19% 19% 7%

>10 1% 4% 16% 4%

Total (n) 932 525 275 1,732

Patients from the SDRNT1BIO in Scotland: 11.6 years of observation*

eGFR decline 

per ml/yr

Normo-albuminuria

%

Micro-albuminuria

%

Macro-albuminuria

%

Total

%

at least 3.0 10.7% 20.7% 54.5% 12,2%

Total (n) 4,870 422 93 5,385
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Progressive Renal Decline. The New Paradigm of Diabetic  

Nephropathy in Type 1 Diabetes. 

At entry, in a subgroup, eGFR was 30-59 ml/min/1.73 m2.

Krolewski AS, Diabetes Care 38: 954-962, 2015

Patients from the Second Joslin Kidney Studies in T1DM: 4-10 years 

of follow-up

Frequency of decliners (eGFRcr-cys ≥3.3%/year)

eGFRcr-cys, ml/min Normo-albuminuria Micro-albuminuria

≥90 505 (7%) 329 (24%)

60-89 71 (18%) 106 (40%)

30-59 19 (21%) 78 (48%)

All 595 (10%) 513 (32%)Diapositiva preparata da GIUSEPPE PENNO e ceduta alla Società Italiana di Diabetologia. 
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DKD IN THE ABSENCE OF ALBUMINURIA

ALB- DKD, MORTALITY & CVD (Type 2 DM; shortly)

ALB- DKD, MORTALITY & CVD (Type 1 DM; shortly)

PROGRESSION TO ALB- DKD (Type 1 DM)

PROGRESSION TO ALB- DKD (Type 2 DM)
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Porrini E et al., Lancet 3: 382-391, 2015

GFR in healthy patients compared with patients with T2DM and 
normo-, micro-, macro-albuminuria, or severe proteinuria
Data from studies that did repeated measurements of GFR using gold standard procedures in 
patients with normo- or micro-, macro-albuminuria, and severe proteinuria
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Retnakaran R et al., Diabetes 55: 1832-1839, 2006

Challenging conventional paradigms:

Diabetic kidney disease with and without albuminuria

UKPDS; 4006 type 2 DM patients

followed over a median of 15 years
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1534 (38%) 

developing albuminuria

1132 (28%) 

developing renal impairment

64%

24%

12%
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51%

16%

33%

no renal impairment

renal impairment subsequent to albuminuria

renal impairment before albuminuria

no albuminuria

albuminuria subsequent to renal impairment

albuminuria before renal impairment

67%
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Koye DN et al,. Am J Kidney Dis 72: 653-661, 2018

Risk of Progression of Nonalbuminuric CKD to End-Stage Kidney Disease in People 
With Diabetes:  The CRIC (Chronic Renal Insufficiency Cohort) Study

1,908 participants with diabetes and reduced GFR enrolled in the Chronic Renal 
Insufficiency Cohort (CRIC) Study in the United States 

Crude rates of ESKD were 7.4, 34.8, 78.7, 
and 178.7 per 1,000 person-years

CKD progression rates (ESKD or 50% 
reduction in eGFR from baseline were 
17.0, 61.4, 130.5, and 295.1 per 1,000 

person-years 

Diapositiva preparata da GIUSEPPE PENNO e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Progression and categories of progression of eGFR decline in 

patients with T2DM according to strata of albuminuria at entry into 

follow-up. At entry, eGFR was normal in all patients.

Krolewski AS et al., Kidney International 91: 1300-1311, 2017

Patients from the Second Joslin Kidney Studies in T2DM: 6-10 years of follow-up

eGFR decline 

per ml/yr

Normo-albuminuria

%

Micro-albuminuria

%

Macro-albuminuria

%

Total

%

<2.9 80% 67% 32% 72%

3-4.9 13% 18% 17% 15%

5-9.9 20% 6% 33% 12% 68% 30% 28% 10%

>10 1% 3% 21% 3%

Total (n) 681 418 82 1,181
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DKD IN THE ABSENCE OF ALBUMINURIA

ALB- DKD, MORTALITY & CVD (Type 2 DM; shortly)

LAST MINUTE DATA (Type 1 and Type 2 DM)

ALB- DKD, MORTALITY & CVD (Type 1 DM; shortly)

PROGRESSION TO ALB- DKD (Type 1 DM)

PROGRESSION TO ALB- DKD (Type 2 DM)
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Progressive Decline in Estimated Glomerular Filtration Rate in Patients 
With Diabetes After Moderate Loss in Kidney Function - Even Without 
Albuminuria 

Vistisen D et al., Diabetes Care 42: 1886-1894, 2019

Steno Diabetes Center, Copenhagen

• 2919 persons with diabetes with at least one measurement of eGFR 
in DKD3 (eGFR <60 ml/min/1.73 m2)

• during up to 16 years of follow-up
• 935 with T1DM, median follow-up of 5.1 years
• 1,984 with T2DM, median follow-up of 3.7 years

• eGFR trajectories have been adjusted for sex, age at diabetes 
diagnosis, DD, use of RAS-blockers, retinopathy status, HbA1c, 
antihypertensive treatment, BP, current smoking, and lipid-lowering 
treatment.
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Progressive Decline in Estimated Glomerular Filtration Rate in Patients 
With Diabetes After Moderate Loss in Kidney Function - Even Without 
Albuminuria

TYPE 1 DIABETES, at baseline 

Vistisen D et al., Diabetes Care 42: 1886-1894, 2019

Total Normo Micxro Macro

N (%) 935 427 (46%) 264 (28%) 244 (26%)

Male sex (%) 48.9 37.2 53.8 63.9

Age, years 59.2 65.0 59.5 48.9

Age at diagnosis, years 24.5 31.0 23.2 14.5

HbA1c, % 8.8 8.5 8.8 9.2

Systolic BP, mmHg 140 138 139 145

Diastolic BP, mmHg 75 73 74 80

LDL cholesterol, mmol/L 2.7 2.7 2.5 3.1

Severe retinopathy, % 64.2 51.3 68.1 85.0

Active smoking, % 41.9 34.5 44.9 57.0

RAS blockers, % 62.8 59.5 62.1 69.3

No differences in: DD, BMI, eGFR, degree of antihypertensive treatment, and follow-up time 
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Progressive Decline in Estimated Glomerular Filtration Rate in Patients 
With Diabetes After Moderate Loss in Kidney Function - Even Without 
Albuminuria

TYPE 1 DIABETES 

Vistisen D et al., Diabetes Care 42: 1886-1894, 2019

Normoalb. -1.9 ml/min/1.73 m2

Microalb. -2.2 ml/min/1.73 m2 p<0.001
Macroalb. -3.3 ml/min/1.73 m2

In subjects with normoalb., the first 
recorded eGFR <60 was followed
by 1 year of increasing eGFR of 1.6 
ml/min/1.73 m2.

86%

14%

No modifying effect of RAS blockers on the eGFR development over time (p≥0.60)
Background population with no CKD: eGFR decline = 1 ml/min/1.73 m2

Healthy population of white ethnicity and no diabetes: eGFR decline = 0.4 ml/min/1.73 m2
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Progressive Decline in Estimated Glomerular Filtration Rate in Patients 
With Diabetes After Moderate Loss in Kidney Function - Even Without 
Albuminuria

TYPE 2 DIABETES, at baseline 

Vistisen D et al., Diabetes Care 42: 1886-1894, 2019

Total Normo Micxro Macro

N (%) 1,984 942 (48%) 664 (33%) 378 (19%)

Male sex (%) 57.6 47.7 64.0 70.7

Age, years 69.3 70.5 69.5 66.1

Age at diagnosis, years 55.7 57.4 55.3 51.3

HbA1c, % 8.2 8.1 8.3 8.6

Systolic BP, mmHg 141 137 142 152

Diastolic BP, mmHg 75 74 76 79

LDL cholesterol, mmol/L 2.5 2.4 2.4 2.8

Severe retinopathy, % 36.4 28.7 37.3 54.3

Active smoking, % 34.0 31.3 33.4 43.7

RAS blockers, % 55.2 52.4 58.9 55.7

No differences in: DD, BMI, eGFR, degree of antihypertensive treatment, and follow-up time 
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Progressive Decline in Estimated Glomerular Filtration Rate in Patients 
With Diabetes After Moderate Loss in Kidney Function - Even Without 
Albuminuria

TYPE 2 DIABETES 

Vistisen D et al., Diabetes Care 42: 1886-1894, 2019

Normoalb. -1.9 ml/min/1.73 m2

Microalb. -2.1 ml/min/1.73 m2 p<0.001
Macroalb. -2.9 ml/min/1.73 m2

In subjects with normoalb., the first 
recorded eGFR <60 was followed
by 1 year of increasing eGFR of 1.6 
ml/min/1.73 m2.

90%

10%

No modifying effect of RAS blockers on the eGFR development over time (p≥0.60)
Background population with no CKD: eGFR decline = 1 ml/min/1.73 m2

Healthy population of white ethnicity and no diabetes: eGFR decline = 0.4 ml/min/1.73 m2
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DKD IN THE ABSENCE OF ALBUMINURIA

ALB- DKD, MORTALITY & CVD (Type 2 DM; shortly)

LAST MINUTE DATA (Type 1 and Type 2 DM)

ALB- DKD, MORTALITY & CVD (Type 1 DM; shortly)

PROGRESSION TO ALB- DKD (Type 1 DM)

PROGRESSION TO ALB- DKD (Type 2 DM)

TAKE HOME MESSAGES
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Schematic presentation of variable clinical courses of 

diabetic kidney disease

Boger CA et al., PLOS Genetics, 8: e1002989, 2012 (modified) 

Normoalbuminuria

Normal GFR

Normoalbuminuria

Normal GFR

0                         5                         10                          15                          20

Duration of diabetes (years)

Increased GFR 

(hyperfiltration)

Reduced GFR ESRD

crosstalk between 

the two channels

Normoalbuminuria

Microalbuminuria

Macroalbuminuria

Normal GFR
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Common biomarkers predictive of DKD and 
mechanistic hypothesis

Colhoun HM and Marcovecchio L, Diabetologia, Online, 8 march 2018 

Parechimal resistance index (resistance of the 
intrarenal arteries), increased to a similar extent 
regardless of albuminuria (MacIsaac RJ et al., 
Diabetes Care 2006) 

Subjects with eGFR <60: those 
with normo- (or micro-) 
albuminuria  have fewer 
(T2DM*) or equal (T1DM**) of 
the typical morphological 
features described for DKD 
associated with proteinuria 
(*Yamanouchi M et al., 
Diabetes Care 2019; 
**Caramori ML et al., Diabetes 
2003)

Serum tumor necrosis factor 
receptors associated with 
reduced eGFR in normo 
T2DM (Gohda T et al., Diab 
Res Clin Practice 2018)

T1DM: CD27, alpha1-microglobulin 
and KIM-1 associated with decline in 
eGFR (Colombo M et al., 
Diabetologia 62: 1616-1627, 2019)

T2DM: B2M and KIM-1 
associated with decline 
in eGFR after adjustment 
for baseline eGFR and 
albuminuria (Colombo M 
et al., Diabetologia 62: 
156-168, 2019)Diapositiva preparata da GIUSEPPE PENNO e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



A signature of circulating inflammatory proteins and 
development of end-stage renal disease in diabetes 

Niewczas MA et al., Nature Medicine, 25: 805-813, 2019

The proportion of the albuminuria-independent effect of TNF-R1 was 66%.
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CKD PREVALENCE: 10%-15%, likely stable

In the general population as well in high-risk populations any stage of CKD is 

associated with progressive increase in all-cause mortality, all-cause 

hospitalization, hospitalization for CVD, and heart failure

Increased albuminuria and reduced eGFR are independently associated with 

all-cause death, cardiovascular outcomes (and ESRD)

Prevalence of DKD is higher (30-40%), but likely decreasing

It is debated whether the Alb-DKD3 phenotype reflects …

- normal age-related decline in renal function

- DKD with previous albuminuria normalized by treatments

- a new phenotype of kidney disease in diabetes

In both T1DM and T2DM, any DKD phenotype is associated with an 

increased risk of all-cause mortality and an increased risk of CV outcomes

A substantial number of persons entering DKD3 will have normoalbuminuria

and, especially in T2DM, the prevalence of this phenotype is increasing
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For both type of diabetes, eGFR levels move on a progressive declining 

trajectory when persons enter DKD3

For both types of diabetes, this was also true for subjects with 

normoalbuminuria, although with a less steep decline in eGFR compare with 

micro- and macroalbuminuria

Thus, following DKD3 entering, a diabetes-dependent decline in eGFR exists  

even without albuminuria 

Many patients with T1DM or T2DM can follow a non-albuminuric pathway to 

renal function loss, even accounting for the use of renoprotective agents

At least 20% of subjects progressing to ESKD (eGFR <15) did so without the 

transition to macroalbuminuria

The pathological drivers and structural basis of renal function decline in non-

albuminuric DKD still remain to be elucidated

New markers are needed to identify people who are at greatest risk for the 

progression of the normoalbuminuric DKD
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Thank for your 

attention!
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Percentage of NHANES (2001-2016) participants 
with ACR >30 mg/g, by eGFR category 

20-25%

40-45%

70-75%

7.9%* 6.9%*

14.8%*

CKD in the General Population; USRDS 2018, Chapter 1

75-80%

55-60%

25-30%

Alb+CKD

Alb-CKD

* 2016
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All CKD

2001-

2004

2005-

2008

2009-

2012

2013-

2016

Age

20-39 5.4 6.1 5.5 6.3

40-59 9.7 10.1 8.3 10.4

60+ 38.8 34.5 33.1 32.2

Sex

Male 12.7 12.1 12.3 12.9

Female 15.5 16.3 14.6 16.7

Race/Ethnicity

Non-Hispanic White 14.3 14.4 13.6 15.6

Non-Hispanic Black/African American 14.7 16.3 16.1 15.9

Mexican American 11.4 11.8 11.9 12.6

Other Hispanic 13.0 14.9 11.5 11.4

Other Non-Hispanic 15.9 11.4 11.7 12.6

Risk Factor

Diabetes 43.6 40.1 38.6 36.0
Self-reported diabetes 43.8 41.8 39.5 37.1

Hypertension 32.7 31.6 30.9 31.2

Self-reported hypertension 27.2 26.6 26.1 26.6

Self-reported cardiovascular disease 42.2 40.6 40.8 40.3

Obesity (BMI ≥30) 16.5 17.2 16.5 16.8

All 14.2 14.3 13.5 14.8

Prevalence (%) of CKD in NHANES population within age, sex, 
race/ethnicity, & risk factor categories, 2001-2016 

CKD in the General Population; USRDS 2018, Chapter 1
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Distribution of markers of CKD in RIACE participants with DM and in 
NHANES participants with age 60+, DM, hypertension, self-reported 

CVD, & obesity, 2013-2016

10.6%

8.2%

18.7%

RIACE, Italy

Data Source: National Health and Nutrition Examination Survey (NHANES), 2013-2016 participants age 20 
& older. Single-sample estimates of eGFR & ACR; eGFR calculated using the CKD-EPI equation. 

CKD in the General Population; USRDS 2018, Chapter 1
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Associations of kidney disease measures with mortality and end-stage renal disease 
in individuals with and without diabetes: a meta-analysis 
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Data for 1 024 977 participants (128 505 with diabetes) from 30 general population 
and high-risk cardiovascular cohorts and 13 chronic kidney disease cohorts 
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Associations of kidney disease measures with mortality and end-stage renal disease 
in individuals with and without diabetes: a meta-analysis 
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Data for 1 024 977 participants (128 505 with diabetes) from 30 general population 
and high-risk cardiovascular cohorts and 13 chronic kidney disease cohorts 
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Associations of kidney disease measures with mortality and end-stage renal disease 
in individuals with and without diabetes: a meta-analysis 
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Data for 1 024 977 participants (128 505 with diabetes) from 30 general population 
and high- risk cardiovascular cohorts and 13 chronic kidney disease cohorts 

HR for ESRD in chronic kidney disease populations according to eGFR and albuminuria 
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Diabetic Kidney Disease (DKD)

Thomas MC et al., Nature Reviews / Disease Primers, 1: 1-19, 2015

The prevalence of DKD phenotypes in different populations with type 2 DM
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Chronic Kidney Disease Prognosis Consortium - collaborative meta-analyses

Lower estimated GFR and higher albuminuria are associated with all-cause 

and cardiovascular mortality in general population cohorts

ACR: 105,872 participants; Protein dipstick: 1,128,310 participants

CKD Prognosis Consortium. Lancet 375: 2073-2081, 2010
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CKD Prognosis Consortium.

Lancet 375: 2073-2081, 2010

Chronic Kidney Disease Prognosis Consortium - collaborative meta-analyses

Lower estimated GFR and higher albuminuria are 
associated with ….

… all cause and CV mortality

in general population cohorts:
105,872 participants from 14 studies

with ACR measurements;

1,128,310 participants from 7 studies

with protein dipstick measurements

CKD Prognosis Consortium.

Kidney Int 79: 1341-1352, 2011

… all cause and CV mortality

in high-risk population cohorts:
266,975 participants from 10 cohorts

selected because of increased risk

for CKD: 

hypertension, diabetes (49.6%, 32.4%), or 

cardiovascular disease

CKD Prognosis Consortium.

Kidney Int 80: 93-104, 2011

… adverse kidney outcomes

in both general and high-risk 

populations:
845,125 participants from 9 general 

population cohorts;

173,892 patients from 8 cohorts selected 

because of their high risk for CKD 

(diabetes 44.5%)

CKD Prognosis Consortium.

Kidney Int 79: 1331-1340, 2011

… mortality and ESRD in

kidney disease population

cohorts:
21,688 patients from 13 studies selected

for CKD of diverse etiology

(diabetes 33.8%)
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