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Diagnosis of DKD: Case 1

• 38 yo BF 
• T2DM x 19 yr 
• HbA1c 6.2 
• Random UACR 88 mg/gm 

• FMV ACR 20mg/gm 

• SCr 0.76



Diagnosis of DKD: Case 2

• 64 yo BF 
• T2DM x 13yr 
• HbA1c 7.9 
• Random UACR 292 

• FMV UACR 90 

• SCr 1.54



Diabetes and the Kidney

I. Clinical course of disease 
▪ Microalbuminuria 
▪ Normoalbuminuric chronic kidney disease 
▪ Physiologic and pathogenic heterogeneity 

II. Competing Risks 
▪ ESRD 
▪ Cardiovascular death 

III. Treatment 
▪ Glycemic and blood pressure control 
▪ Renin Angiotensin Aldosterone Inhibition 
▪ Pleiotropic effects of diabetes drugs



Fioretto P et al.  N Engl J Med 1998; 339: 69-75

Hope: Diabetic Kidney Disease  
can be reversed!

Renal biopsy specimens obtained before and after pancreas transplantation from a 33 y.o. female with type I DM x 17 
years. 

A: base-line biopsy specimen characterized by diffuse and nodular diabetic glomerulopathy.   

B: 5 years after transplantation shows persistence of diffuse and nodular lesions. 

C: 10 years after transplantation: marked resolution of diffuse and nodular lesions and more open glomerular capillary 
lumina.



The changing natural history of 
diabetic kidney disease

Clinical course of disease 

Microalbuminuria 

Normoalbuminuric chronic kidney disease 

Physiologic and Pathologic Heterogeneity



Diabetic kidney disease: 
U.S. Numbers

• Over 20 years, kidney disease is increasing, as 
diabetes prevalence increases.  But... 
» Albuminuria is decreasing 
» Low eGFR is increasing 

• 7.2 million people with diabetes (35%) have 
kidney disease (albuminuria and/or decreased 
eGFR) 
» 3.3 million with albuminuria (ONLY) 
» 2.3 million with low eGFR (ONLY) 
» 1.3 million with both albuminuria and low eGFR 
» 0.3 million with ESRD on dialysis or with transplant

de Boer, et al. JAMA 2011; 305(24): 2532-2539



Diabetic Kidney Disease 
Variability in Clinical Course

Micro- 
Albuminuria 
30-299ug/mg

Overt 
Nephropathy 
≥300ug/mg

Increased or  
Normal GFR 

Normoalbuminuria

Decreased 
GFR 

<60ml/min/1.73m2

Diabetes 
onset Time

ESRD



Course of Albuminuria in Type 1 Diabetes  
Regression More Common than Progression

Perkins BA et al.  N Engl J Med 2003; 348: 2285-93

Normoalbuminuria
Microalbuminuria
Macroalbuminuria

N=386



Course of Albuminuria and Risk of GFR 
Loss in Type 1 Diabetes Mellitus

Perkins BA et al.  J Am Soc Nephrol 2007; 18(4): 1353-61
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18%

35%

53%

70%

Change in Albuminuria Status

Normoalbuminuria Regression Stable Progression

68%

32%

16%

9%

P<0.001

p<0.01

p<0.06



Rising prevalence of normoalbuminuric 
CKD

Mottl et al. J Diabetes Complications 2013; 27(2):123-127.



Rate of renal function decline with 
eGFR < 60 according to 

albuminuric status 

Molitch et al. Diabetes Care 2010; 33(7):1536-43



Heterogeneity in Pathology  
of Type 2 Diabetic Kidney Disease

(B) typical diabetes 
histopathology 
•Nodular mesangial     
expansion 

•Thickened GBM 

•Arteriolar hyalinosis 

Fioretto P et al.  Diabetologia 2008; 51: 1347-1355

A. B. C.

(A) normal/ near 
normal structure 

(C) atypical patterns 
of renal injury 
•Tubular atrophy 

•Thickened tubular BM 

•Interstitial fibrosis 

•Advanced arteriolar 
hyalinosis 



Histopathology by Clinical Indices

Structural 
Category

eGFR ≥60ml/min/
1.73m2 

Microalbuminuria 

eGFR  
<60ml/min/1.73m2 

Normoalbuminuria 

eGFR <60ml/min/
1.73m2 

Microalbuminuria 

eGFR <60ml/min/
1.73m2 

Macroalbuminuria 

Normal Structure 10 2 0 0

Predominant Diabetic 
Glomerulosclerosis 10 3 5 17

Disproportionately 
Severe Interstitial 
and Arteriosclerosis

14 3 1 0

Ekinci EI, et al. Diabetes Care 2013



Pathogenetic factors in DKD

Atherosclerosis

Hypertension Hyperglycemia

DKD

Obesity

Genetics 
APOL1, Hb-S

Insulin 
Resistance

Arte
rio

ne
ph

ros
cle

ros
is Mesangial expansion

Glomerulomegaly

ATNATN

Focal sclerosis



Renal Physiology in Diabetes



Acute kidney injury and the  
risk of progressive kidney disease

Thakar CV et al. CJASN 2011; 6: 2567-72.



The changing natural history of 
diabetic kidney disease

Competing Risks 

ESRD 

Death



Annual transition rates of type 2 diabetic kidney disease

Adler, et al. Kidney International 2003; 63: 223-32.



Competing risks in  
diabetic kidney disease 

ADVANCE.JASN 2009; 20: 1813-1821.



When the risk of ESRD supercedes the risk of Cardiovascular 
Death

Packham et al. AJKD 2012; 59(1): 75-83.

Patient subgroup
ESRD/CV Death

IRR (95% CI) p 

Age category 
           ≤61 yr 
           >61 yr

  
3.7 (2.9-4.6) 
1.7 (1.4-2.1)

  
 <0.001 
<0.001

Sex 
          Women 
           Men

  
3.4 (2.6-4.4) 
2.0 (1.7-2.4)

  
<0.001 
<0.001

Baseline UACR 
           ≤1.0g/g 
           1.0-2.0g/g 
           >2.0g/g

  
0.8 (0.6-1.1) 
2.0 (1.4-2.8) 
4.0 (3.2-4.9)

  
0.1 

<0.001 
<0.001

Baseline SBP 
            ≤155mmHg 
            >155mmHg

  
1.8 (1.5-2.4) 
2.6 (2.4-3.5)

  
<0.001 
<0.001



The changing natural history of 
diabetic kidney disease

Treatment 

Glycemic and Blood Pressure Control 

Renin Angiotensin Aldosterone Inhibition 

Pleiotropic Effects of Diabetes Drugs 
Thiazolidinediones 
SGLT2 inhibitors 

Incretins



Glycemia targets for reducing  
renal outcomes

Mottl and Tuttle. Management of Kidney Risk in Diabetes. In: Evidence Based Management of Diabetes; UK: Tfm Publishing Ltd 2012



More… or Less aggressive glycemic control 
with CKD?

Papademetriou, Mottl, et al. Kidney Int 2015 Mar; 87(3): 649-659

p=0.4 p=0.4

P<0.01p=0.02

----- intense glycemic control 
----- standard glycemic control



Blood Pressure Targets in Diabetes
Study Intervention Attained 

Blood Pressures
Renal 

Outcomes
Macrovascular 

Outcomes

UKPDS <150/85 + ACEI/BB 
<180/105

144/82 
154/87

Micro: RR=0.71 (p<0.001) 
Macro: NS

MI: NS 
Stroke: RR=0.56 (p<0.05) 

All cause mortality: NS

HOT DBP < 80 
DBP < 90

144/81 
148/85 N/A

MI: NS 
Stroke: NS 

CV death: RR=0.33 (p<0.05)

ABCD 
(hypertensive)

DBP = 75  
DBP = 80-89

132/78 
138/86

Micro: NS 
Macro NS 
CrCl: NS

MI: NS 
Stroke: NS 

All cause mortality: 0.51 (p<0.05)

ABCD 
(normotensive)

↓DBP 10 + ACEI 
maintain DBP 80-89

128/75 
137/81

Micro: p=0.04 
Macro: p=0.02 

CrCl: NS

MI: NS 
Stroke: 0.31 (p< 0.05) 
All cause mortality: NS

ACCORD SBP <120  
SBP < 140

119/64 
133/70

eGFR < 30: RR=1.9 (<0.001) 
Micro: NS 

Macro: RR 0.76 (<0.001)
Composite outcome: 

CV event or death: NS

Mottl and Tuttle. Management of Kidney Risk in Diabetes; In: Evidence Based Management of Diabetes; UK: Tfm Publishing Ltd.

Micro: microalbuminuria; Macro: macroalbuminuria; NS: not significant; CrCl: creatinine clearance;  
eGFR: estimated glomerular filtration rate; MI: myocardial infarction; 



Long term outcomes from  
 ACCORDion

Mottl et al, unpublished.



ACEI/ARB Therapies  
Reduction in Proteinuria

Parving et al. NEJM 2001; 345 (12): 870-878.



ARBs for  Overt Nephropathy: RENAAL

Brenner et al. NEJM 2001; 345(12): 861-69

Number Needed to Treat = 

Doubling SCr: 47 

ESRD: 42  



Relative benefit from ARB Therapy  
ROADMAP versus RENAAL

Characteristic
Olmesartan  
Mean (SD) 

N=2232

Placebo 
Mean (SD) 

N=2215

Losartan 
Group 

Mean (SD) 
N=751

Placebo 
Group 

Mean (SD) 
N=762

Age, yr 58 (9) 58 (9) 60 (7) 60 (7)
Male Gender 47% 47% 62% 65%

BMI 31 (5) 31(5) 30 (6) 29 (6)
SBP, mmHg 137 (16) 136 (15) 152 (19) 153 (20)
DBP, mmHg 81 (10) 80 (9) 82 (10) 82 (11)

HbA1c, % 7.7 (1.6) 7.7 (1.6) 8.5 (1.7) 8.4 (1.6)
Creatinine, mg/dl 0.9 (0.2) 0.9 (0.2) 1.9 (0.5) 1.9 (0.5)
Median UACR, 

ug/mg 4 4 1237 1261

Haller et al. NEJM 2011; 364: 907-17 Brenner et al. NEJM 2001; 345(12): 861-69



Primary Prevention of microalbuminuria: 
ROADMAP 

Haller et al. NEJM 2011; 364: 907-17

5-fold higher risk of 
cardiovascular death



Dual ACEI/ARB Therapy
• Studies demonstrating benefit:  

» small size, short duration, soft endpoints 

• ONTARGET (1/3 with diabetes) subanalysis by renal risk  
» No renal or CVD event benefit  
» Mortality dependent on albuminuria status 

• Normal UACR: possible harm – HR 1.13 (1.02, 1.24) 
• UACR > 300: possible benefit - HR 0.8 (0.64, 1.01) 

» Adverse Events in dual therapy: AKI, hyperkalemia 

• VA NEPHRON-D  stage 2/3 CKD and macroalbuminuria 
» Stopped early due to safety concerns – Hyperkalemia, AKI 
»  Possible benefit for ESRD/GFR decline; No benefit CVD/Death 

outcomes
Tobe et al. Circulation 2011; 123: 1098-1107 
Fried et al. NEJM 2013; 369(20): 1892-1903



Mineralocorticoid Receptor Blockers
Bakris et al. JAMA 2015; 312(9): 884-894 



Thiazolidinediones

Chen et al. PLOS One 2015; Jun 17; 10 (6): e0129922



CV outcomes in GLP-1 agonists  
Obese and CKD strata

Marso… Buse. NEJM July 2016; 375(4): 311-323.





GLP1 agonists and kidney outcomes  
in patients with diabetes

GLP-1 
patients (%)

GLP-1  
incidence rate 

(events/100pt-yr)

Placebo 
Patients (%)

Placebo  
incidence rate 

(events/100pt-yr)

Hazard Ratio  
(95% CI)

Liraglutide* 
N=9,340 268 (5.7) 1.5 337 (7.2) 1.9 0.78 (0.67-0.92)

Semaglutide* 
N=3,297 62 (3.8) 1.86 100 (6.1) 3.06 0.64 (0.46-0.88)

*Persistent macroalbuminuria, doubling serum creatinine (and CrCl<45ml/min/1.73m2) or need for RRT.

Marso et al. NEJM July 2016; 375(4): 311-323. Marso et al. NEJM Nov 2016; 375(19): 1834-1844.



SGLT2 inhibition and  
tubuloglomerular feedback

Skrtic and Cherney; Curr Opin Nephrol Hypertens 2015; 24 (1): 96-103



SGLT2 inhibitors in CKD 3

Yamout et al; Am Jnl Nephrol 2014; 40: 64-74



SGLT2-inhibitors in diabetic kidney disease

EMPA-REG Investigators. NEJM 2016; 375: 323-334. 



Diabetes and the Kidney

• Pathogenetic Heterogeneity 

• ESRD vs CVD death risk evolves over life course 

• Individually tailor therapy 
» Personalization of glycemic and BP targets 
» ACEI/ARB therapy for HTN and/or albuminuria 
» MRB with severe proteinuria/HTN 
» SGLT2 inhibitors and incretins especially in the 

obese patient or with uncontrolled diabetes 

• Pathology-based translational studies lend hope 
for the future… stay tuned.


