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Discuss the pathophysiology of  Diabetic Kidney Disease 

Establish the relationship between CKD and CV disease

Explain current approaches of  T2D treatment that include renal 
preservation 

Discuss the evidence on renal outcomes in CVOTs of  glucose 
lowering agents

Discuss the possible mechanisms leading to renal protection of  
SGLT-2 inhibitors  

Review the study design of  ongoing renal outcome trials
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Structural Functional

Glomerular basement 

membrane thickening

Altered renal hemodynamics

Mesangial expansion Glomerular hyperfiltration

Microvascular changes



Reference: Wada J et al; Clinical Science; 2013; 124; 3: 139-152 4

Oxidative Stress

drives all three



Reference: a. Botdorf J, et at; Cardiorenal Med; 2011; 1: 183-192

b. El-Atat FA, et al; J Am Soc Nephrol; 2004; 15: 2816-2827
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Reference: KDIGO CKD Work Group; Kidney Int Supple.; 2013; 3: 1-150 6

Hormonal

• RAAS 

• Sympathetic 
nervous system

• Leptin

Physical

• Compression of  
renal parenchyma 
(“fatty kidney”)

Structural 

• Glomerulopathy 
(FSGS)

• Glomerulomegaly

• Albuminuria

Functional

• eGFR: Each 1 
unit rise of  BMI 
from 24 to 43 will 
increase eGFR by 
2.5 mL

Afferent Vasodilation + Efferent Vasoconstriction = HYPERFILTRATION



Reference: NICE clinical guideline 28; December 2015 7



Total adult population:

2,596,000

Prevalence of diabetes in adults:

15.4%

Total cases of diabetes in adults:

400,600

Reference: idf.org 8



Reference: Puerto Rico Chronic Disease Action Plan; 2014-2020 9



Reference: Adler Al et al; Kidney Int; 2003; 63: 225-232 10



Reference: KDIGO CKD Work Group; Kidney Int Supple.; 2013; 3: 1-150 11
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Myth Fact

Progression of  DKD is inevitable DKD can sometimes be prevented and progression can be 

slowed through tight control of  blood pressure and blood 

glucose

DKD is more common in T1D compared with T2D Most guidelines do not differentiate between T2D and T1D; 

the risks of  DKD are likely to be similar between types

DKD occurs exclusively in people with diabetic 

retinopathy

DKD is often, but not exclusively, associated with diabetic 

retinopathy

Albuminuria is always a feature of  DKD Albuminuria is a marker of  kidney disease, but even when 

albuminuria is not observed in a patient with diabetes, it is 

not a guarantee that the patient is free of  CKD

People with DKD need to see a nephrologist Stable DKD can be managed outside of  nephrology; referral 

depends on rate of  progression 



Heart 
Failure

ASCVD
Renal 

Disease

Reference: Verma S. et. al.; Lancet; 2018; 393: 3-5 13

Combination of  diabetes and CKD increases 4-fold risk of  CVD and mortality



Reference: Afkarian M, et al.; J Am Soc Nephrol; 2013; 24: 302-308 14



Reference: USRDS; CDC 2010; ADR; National Vital Statistics Report; CDC 15



Reference: a. KDIGO CKD Work Group; Kidney Int Suppl; 2013; 3: 1-150 

b. Go AS et al; NEJM; 2004; 351: 1296-1305
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Reference: Thomas MC; et at; Nat Rev Dis Primers; 2015; 1: 15018 18

Non-modifiable

• Increasing age

• Long duration of  
diabetes

• Ethnicity

• Family history of  CKD

Modifiable 

• Poor glucose control

• Hypertension

• Hyperlipidemia

• Obesity

• Smoking



19

TECOS (Sitagliptin): worsening of  eGFR

SAVOR-TIMI 53 (Saxagliptin): lower ACR but no benefit to eGFR

EXAMINE (Alogliptin): no renal data

CARMELINA (Linagliptin): no significant change

MARLINA-T2D (Linagliptin): no significant change



Reference: Green J et al; NEJM; 2015; 373: 232 20

• 14,671 T2D followed for 3 years

Study Design

• Change in eGFR over time

• Baseline eGFR < 50 mL (9.4%)

Renal composite 



Reference: Cornel et at; care.diabetesjournals.org 21

Results: Greater eGFR decline with Sitagliptin (LSM ~1.34 mL/min in 48 months; 0.45 mL/year;   

P < 0.001 ) than in the placebo group



Reference: Mosenzone O et at; Diabetes Care 2017; 40: 69 22

Study Design
9,696 T2D patients followed for 2.1 years

Renal composite
80% patients on ACE Inhibitors or ARB’s

26.8% micro and 9.9% macro albuminuria

eGFR > 50 mL (84%)

eGFR ≥ 30-50 mL (14%)

eGFR < 30 mL (2%)



Reference: Mosenzone O et at; Diabetes Care 2017; 40: 69 23

Results: 34.4% mean UACR decrease (mostly for macroalbuminuria); no change in eGFR; no cardiovascular 

benefits (despite lower UACR).



Reference: Carmelinatrial.com 24



Reference: Carmelinatrial.com 25



Reference: Rosenstock J et at; 2019; JAMA; 321; (1): 69 26

✓ No significant

kidney composite 

outcome

✓ Reduction in 

albuminuria 

progression,  

microvascular 

complications



Reference: Groop PH et al; Diabetes, Obesity and Metabolism; 2017; 19: 1610 27

Baseline Renal Data

Albuminuria 126 mg/g 94%

CKD 3 eGFR 30-59 mL/min 13%

CKD 5 eGFR <15 mL/min 26%



Reference: Groop PH et al; Diabetes, Obesity and Metabolism; 2017; 19: 1610 28

Secondary outcome measures

• The time weighted average of  percentage change 
from baseline in UACR during the course of  24 
weeks of  treatment

• The change from baseline in estimated glomerular 
filtration rate (eGFR) after 24 weeks of  treatment



Reference: Groop PH et al; Diabetes, Obesity and Metabolism; 2017; 19: 1610 29

RESULTS: NO SIGNIFICANT CHANGE IN UACR OF eGFR
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LEADER (Liraglutide): 22% reduction of  renal risk; 26% lower albuminuria; no effect on eGFR

SUSTAIN-6/PIONEER 6 (Semaglutide): 36% reduction of  macroalbuminuria; no effect on eGFR

EXSCEL (Exenatide): no renal data

HARMONY (Albiglutide): no renal data

ELIXA (Lixisenatide): no renal data

REWIND (Dulaglutide): ADA 2019



Reference: Marcel HA; Nature Reviews Nephro; 2017 31

*NHE3, sodium–hydrogen exchanger isoform 3



Reference: Marcel HA; Nature Reviews Nephro; 2017 32

Increased natriuresis
improves haemodynamics in 

the setting of diabetes-
related glomerular 

hyperfiltration

Electrolyte and fluid 
homeostasis by influencing

feeding and drinking
behaviour as well as 

electrolyte transport in the
kidneys and gastrointestinal 

tract



Reference: Marso SP et at; NEJM; 2016; 375: 311 33

• 9,340 T2D patients, 
followed 3.8 years

• 24.7% eGFR < 60 
mL/min

Study Design

• New onset 
macroalbuminuria 

• DSCr

• eGFR < 45 mL/min

Renal composite



Reference: Marso SP et at; NEJM; 2016; 375: 311 34

✓ 26% Reduction of New Onset 

Albuminuria



Reference: Marso SP et at; NEJM; 2016; 375: 311 35

✓ No effect on eGFR



Reference: Marso S, et al. Semaglutide and cardiovascular outcomes in patients with type 2 diabetes. N Engl J Med 2016 Sept 16. doi: 
10.1056/NEJMoa160714. 36

• 3,297 T2D patients, followed for 2.1 years

• Included CKD 3 (eGFR < 60 mL/min)

Study Design

• Persistent macroalbuminuria

• DSCr

• eGFR< 45 mL/min

Renal Composite
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✓ 36% reduction of renal risk secondary to

macroalbuminuria

✓ No eGFR effect



Reference: REWIND; Hertzel C G et al; www.thelancet.com; published June 10, 2019 38



Reference: REWIND; Hertzel C G et al; www.thelancet.com; published June 10, 2019 39

Baseline Renal Data

Micro-Macro 

Albuminuria

35%

eGFR < 60 

mL/min/1·73 m²

22.2%



Reference: REWIND; Hertzel C G et al; www.thelancet.com; published June 10, 2019 40

The incidence of the composite microvascular renal outcome was lower with dulaglutide than placebo

Renal:

✓ Macroalbuminuria

✓ Sustained decline in 

GFR 30%

✓ RRT

Eyes:

✓ Photocoagulation

✓ Anti-VEGF therapy

✓ Vitrectomy



Reference: Katherine R Tuttle KR et at; AWARD-7; www.thelancet.com/diabetes-endocrinology; published online June 14, 2018 41

Study design

• Multicenter, open-label, randomized trial 

• T2D with CKD (stages 3–4); on max tolerated ACE/ARB

• HbA1c of  7∙5–10∙5%

• Duration: 52 weeks

Primary outcome

• HbA1c at 26 weeks, with a 0·4% non-inferiority margin

Secondary outcome

• Estimated glomerular filtration rate (eGFR) 

• Estimated UACR



Reference: Katherine R Tuttle KR et at; AWARD-7; www.thelancet.com/diabetes-endocrinology; published online June 14, 2018 42

✓ At 52 weeks, eGFR was higher

with dulaglutide 1·5 mg



Reference: Katherine R Tuttle KR et at; AWARD-7; www.thelancet.com/diabetes-endocrinology; published online June 14, 2018 43

✓ At 52 weeks, the effects of dulaglutide 1·5 

mg and 0·75 mg on UACR reduction were

not significantly different from that of

insulin glargine

- 22·5% with dulaglutide 1·5 mg

- 20·1% with dulaglutide 0·75 mg

- 13·0% with insulin glargine
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Blood Pressure and Body Weight Benefit

• Empagliflozin (EMPA REG)

• Dapagliflozin (DECLARE-TIMI 58)

• Canagliflozin (CANVAS-R)

Improve CV outcomes in high-risk T2D

• Canagliflozin primary renal trial (CREDENCE)

Improve renal outcomes in high-risk T2D

• Empagliflozin (EMPA-KIDNEY)

• Dapagliflozin (DAPA-CKD)

Ongoing primary renal trials



Reference: Wright EM, et al; Physio Rev; 2011; 91: 733-794 45

SGLT-2 Inhibitions 

Improves Glycemic 

Control In T2D

✓ Selective inhibition of  SGLT2

✓ Reduction in body weight:    

~ 400 kcal/d loss from UGE

✓ Glycemic control declines 

with impaired eGFR and 

renal function: diuretic with 

“brakes”



Reference: Bakris GL et al; Kidney Int; 2009; 75: 1272-1277 46



Reference: Cherney DZ, et al; Circulation; 2014; 129: 587-597 47



48



:Reference: Wanner C. et al.; N Engl J Med; 2016; 375: 323-334 49



Reference: Wanner C. et al.; N Engl J Med; 2016; 375: 323-334 50

Hypothesis: Rates of  progression of  kidney disease and clinically 
relevant renal events will be lower among patients receiving 
Empagliflozin than among those receiving placebo.



Reference: Wanner C. et al.; N Engl J Med; 2016; 375: 323-334 51

Population

• 7020 patients with 
T2D at high CV 
risk and with an 
eGFR > 30 
mL/min/1.73m2

• 26% CKD eGFR 
< 60 mL/min

Intervention

• Empagliflozin 
10mg or 25mg 
once daily

Renal composite

• Progression to 
macroalbuminuria

• DSCr (post hoc)

• Initiation of  RRT

• Death from renal 
disease

• Incident 
microalbuminuria

Follow-up

• Up to 48 months



Reference: Wanner C. et al.; N Engl J Med; 2016; 375: 323-334 52



Reference: Wanner C. et al.; N Engl J Med; 2016; 375: 323-334 53



Reference: Wanner C. et al.; N Engl J Med; 2016; 375: 323-334 54



Reference: Wanner C. et al.; N Engl J Med; 2016; 375: 323-334 55





Reference: Wiviott SD et at; NEJM; 2019; 380: 347 57



Reference: Wiviott SD et at; NEJM; 2019; 380: 347 58

Hypothesis: Evaluate effects of  Dapagliflozin on CV and renal outcomes

Design: Randomized, double blind, placebo-controlled trial 

Population: 17,160 patients with T2D with or at high risk for CV disease

Outcome: CV death or hospitalization for HF

Duration: 4.2 years



Reference: Wiviott SD et at; NEJM; 2019; 380: 347 59

Baseline eGFR ~85 mL/min (all 
patients had eGFR > 60 mL/min)

• ≥ 40% decrease in eGFR to < 60 mL

• ESRD

• Death from renal or CV cause

Renal Composite 



Reference: Wiviott SD et at; NEJM; 2019; 380: 347 60

24% in renal risk reduction



Reference: Wiviott SD et at; NEJM; 2019; 380: 347 61



Reference: Wiviott SD et at; NEJM; 2019; 380: 347 62



Reference: Neal B et al; NEJM; 2017; 377: 644-657 63



Reference: Neal B et al; NEJM; 2017; 377: 644-657 64
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Reference: Perkovic V, et al; N Engl J Med; 2019 67

Hypothesis

• Determine whether 
Canagliflozin reduces the 
progression of  renal impairment 
relative to placebo

Study design

• 4401 patients with T2D

• eGFR ≥ 30 to < 90 
mL/min/1.73m2, and 
albuminuria (UACR > 
300 to ≤ 5000 mg/g)

• 60% eGFR < 60 
mL/min

• Randomized, double-
blind, placebo-
controlled trial

• Duration: 2.62 years

Primary Outcome

• Time to first of  ESRD

• Doubling of  serum 
creatinine

• Renal or CV death



Reference: Perkovic V, et al; N Engl J Med; 2019 68



Reference: Perkovic V, et al; N Engl J Med; 2019 69



Reference: Perkovic V, et al; N Engl J Med; 2019 70



Reference: Perkovic V, et al; N Engl J Med; 2019 71

Sub-group Analysis



SBP 

3.3 MMHG

DBP 

0.95 MMHG

BODY WEIGHT 

0.80 KG

UACR 

32%

Reference: Perkovic V, et al; N Engl J Med; 2019 72



Reference: Perkovic V, et al; N Engl J Med; 2019 73



Reference: Perkovic V, et al; N Engl J Med; 2019 74



Reference: Perkovic V, et al; N Engl J Med; 2019 75



Reference: Perkovic V, et al; N Engl J Med; 2019 76



Reference: Perkovic V, et al; N Engl J Med; 2019 77

ESRD, DSCr, 

Renal or CV 

Death

Hospitalization 

for HF

CV Death, 

MI, CVA

N = 22 N = 46 N = 40

Canagliflozin safely reduced the risk of kidney failure and 

prevented CV events in people with T2DM and CKD



Reference: Heerspink HJL, et al; Lancet; 2019 78



Reference: Heerspink HJL, et al; Lancet; 2019 79

Hypothesis: treatment 
with Atrasentan would 
improve renal outcomes 

in carefully selected high-
risk patients with diabetes 

and CKD

Design: randomized, 
double-blind, placebo-
controlled trial

• Run-in period: Atrasentan
responders – 30% decrease in 
UACR

Population: adult T2D 
eGFR 25-75 mL/min per 
and of  300 to 5000 mg/g, 

BNP < 200 pg/mL

Intervention: 0.75mg 
Atrasentan daily

Outcome: time to DSCr, 
ESRD, or death from 

kidney failure

Follow-up: median 2.2 
years (event-driven)



Reference: Heerspink HJL, et al; Lancet; 2019 80




