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Dichiaro di aver ricevuto negli ultimi due anni compensi o finanziamenti dalle seguenti Aziende Farmaceutiche e/o

Diagnostiche per relazioni/moderazioni/partecipazioni a board retribuite:

• Astra-Zeneca;

• Bayer;

• Boehringer Ingelheim;

• Eli Lilly;

• Mundipharma;

• Novo Nordisk.

Dichiaro altresì il mio impegno ad astenersi, nell’ambito dell’evento, dal nominare, in qualsivoglia modo o forma, aziende

farmaceutiche e/o denominazione commerciale e di non fare pubblicità di qualsiasi tipo relativamente a specifici prodotti

di interesse sanitario (farmaci, strumenti, dispositivi medico-chirurgici, ecc.).
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 Impact of glycemic control on diabetic kidney disease progression

 Currently avaliable renoprotective drugs

 Search for new renoprotective strategies

 Inflammatory mechanisms in diabetic kidney disease

Mineralocorticoid activation and blockade

 Inflammatory markers as predictors in diabetic kidney disease progression

Agenda
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Effect of intensive glycemic control on renal outcomes

Boussageon R et al. BMJ. 2011;343:d4169

Meta-analysis of 13 randomized controlled trials
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Effect of intensive glycemic control on renal outcomes

Meta-analysis of 7 randomized controlled trials

Coca SG et al. Arch Intern Med. 2012;172:761–769Diap
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Effect of intensive glycemic control on renal outcomes

Meta-analysis of 7 randomized controlled trials

Coca SG et al. Arch Intern Med. 2012;172:761–769Diap
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Effect of intensive glycemic control on renal outcomes

Meta-analysis of 4 randomized controlled trials

Zoungas S et al. Lancet Diabetes Endocrinol. 2017;5:431–437Diap
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Effect of intensive glycemic control on renal outcomes

The Action to Control Cardiovascular Disease in Diabetes (ACCORD) Trial

Ismail-Beigi F et al. Lancet.. 2010;376: 419–430

Until transition Until end of study
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Effect of intensive glycemic control on renal outcomes

The Action in Diabetes and Vascular Disease: Preterax and Diamicron MR 
Controlled Evaluation (ADVANCE) Trial

Perkovic  V et al. Kidney Int. 2013;83:517–523

ESRD
0.35 (0.15-0.83), p=0.01

Renal death
0.85 (0.45-1.63), p=0.63

ESRD or renal death
0.68 (0.38-1.08), p=0.09

Screat doubling >200 μmol/L
0.83 (0.54-1.27), p=0.38
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Effect of intensive glycemic control on renal outcomes

The Veterans Affairs Diabetes Trial (VADT)

Agrawal L et al. Diabetologia. 2018;61:295–299Diap
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Pathogenesis of diabetic nephropathy

Diabetic nephropathy

Glomerular/renal remodeling
(GBM thickening, mesangial expansion, sGAG/podocyte loss,
TBM thickening, tubular atrophy, tubulo-interstitial fibrosis,

afferent and efferent arteriolar ialinosis, capillary loss)

Inflammation
(TLRs, TNF-α, IL-6, IL-1β)

Fibrosis
(TGF-β, CTGF, ECM)

Hyperglycemia

Metabolic
mechanisms

(ROS, AGEs, GlcNs,
PKC, polyols)

↑ 
UAE

Hemodynamic
mechanisms

(↑ SNBF, SNGFR, GCP,
RAS, ET1/NO)

Dyslipidemia Hypertension

↓ 
eGFR
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Effect of RAS blockers on renal outcomes

Meta-analysis of 28 studies

Vejakama P et al. Diabetologia. 2012;55:566–578Diap
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Effect of SGLT-2 inhibitors on renal outcomes

Mc Guire DK et al. JAMA Cardiol. 2021;6:148–158

Meta-analysis of 5 randomized controlled trials
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Effect of GLP-1 receptor agonists on renal outcomes

Sattar N et al. Lancet Diabetes Endocrinol. 2021;9:653–662

Meta-analysis of 6 randomized controlled trials
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Chaudhuri A et al. Diabetes Obes Metab. 2022;24:365–376

The Reduction of Endpoints in NIDDM with the 
Angiotensin II Antagonist Losartan (RENAAL) trial

The Irbesartan Diabetic
Nephropathy Trial (IDNT)

16% risk reduction (P=0.02)
Mean follow-up = 3.5 yrs

NNT = 28

20% risk reduction (P=0.02)
Mean follow-up = 2.6 yrs

NNT = 16

Doubling Screat, ESKD 
or death

ARBs

The Canagliflozin and Renal Events in Diabetes with Established 
Nephropathy Clinical Evaluation (CREDENCE) trial

The Dapagliflozin and Prevention of Adverse 
Outcomes in Chronic Kidney Disease (DAPA-CKD) trial

HR 0.70 (95% CI 0.59-0.82; 
P=0.00001)

Mean follow-up = 2.62 yrs
NNT = 22

HR 0.61 (95% CI 0.51-0.72; 
P=0.001)

Mean follow-up = 2.4 yrs
NNT = 19

Doubling Screat, ESKD or 
CV/renal death

SGLT2
inhib

Residual renal risk after therapy with renoprotective drugs
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Alicic RZ et al. Clin J Am Soc Nephrol. 2017;12:2032–2045; Mora-Fernández C et al. J Physiol. 2014;18:3997

RAS blockers
SGLT2-Is
?

SGLT2-is
GLP-1 RAs
?

?

Search for new renoprotective drugs
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Pathogenesis of diabetic nephropathy

Diabetic nephropathy

Glomerular/renal remodeling
(GBM thickening, mesangial expansion, sGAG/podocyte loss,
TBM thickening, tubular atrophy, tubulo-interstitial fibrosis,

afferent and efferent arteriolar ialinosis, capillary loss)

Inflammation
(TLRs, TNF-α, IL-6, IL-1β)

Fibrosis
(TGF-β, CTGF, ECM)

Hyperglycemia

Metabolic
mechanisms

(ROS, AGEs, GlcNs,
PKC, polyols)

↑ 
UAE

Hemodynamic
mechanisms

(↑ SNBF, SNGFR, GCP,
RAS, ET1/NO)

Dyslipidemia Hypertension

↓ 
eGFR
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The unifying mechanism in diabetic complications: the Brownlee’s hypothesis

Increased mitochondrial superoxide production

Sharma K. Diabetes. 2015;64:663–672

NADH
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FADH2
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ATP 
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glucose

glucose

GA 3-P

1,3-bisP-glycerate

3-P-glycerate

2-P-glycerate

P-enolpyruvate

O2
-DHAP

pyruvate

glucose 6-P

fructose 6-P

fructose 1,6-bisP

GAPDH

.

.
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.

1
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3

4

ATP

lactate

Polyol pathway

Hexosamine pathway

PKC pathway

AGE pathway

PARP

Brownlee M. Nature. 2001;414:813–820

The unifying mechanism in diabetic complications: the Brownlee’s hypothesis

Increased mitochondrial superoxide production
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Treatment with anti-oxidants for diabetic kidney disease

de Zeeuw D et al. N Engl J Med. 2013;369:2492–503

The Bardoxolone Methyl Evaluation in Patients with Chronic Kidney Disease and 
Type 2 Diabetes Mellitus: the Occurrence of Renal Events (BEACON) Trial
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Mitochondrial dysfunction

12 of 13 were associated with mitochondria

Comparison of candidate urine metabolites between 
patients with (n=85) and without (n=73) CKD

Sharma K et al. J Am Soc Nephrol. 2013;24:1901–1912

Patients with diabetes with and without nephropathy
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Mitochondrial dysfunction

Dugan LL et al. J Clin Invest. 2013;123:4888–4899

Mice (diabetic, heterozygous for SOD, treated with AICAR)
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Mitochondrial dysfunction

Sharma K. Diabetes. 2015;64:663–672 Coughlan MT et al. Kidney Int. 2016;90:272–279

Mitochondrial hormesis
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Search for a new unifying mechanism in diabetic complications
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Brownlee M. Nature. 2001;414:813–820

Mitochondrial dysfunction with diversion of glycolysis toward alternative pathways
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Impaired pyruvate kinase M2 (PKM2) activity

Qi W et al. Nat Med. 2017;23:753–762

Individuals with type 1 diabetes for >50 years (Medalists)
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Impaired PKM2 activity

Qi W et al. Nat Med. 2017;23:753–762

Diabetic mice (WT, KO for PKM2, treated with TEPP-46)
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Impaired PKM2 activity

Fu J et al. JCI Insight. 2022;7:e155260 

Diabetic mice (transgenic for PKM2)
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A new unifying mechanism in diabetic complications
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Impaired PKM2 activity
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Alterations of vasoactive hormones

Patel DM et al. Int J Mol Sci. 2020;21:2218Diap
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Treatment with endothelin receptor antagonist for diabetic kidney disease

The Study of Diabetic Nephropathy with Atrasentan (SONAR)

Heespink HJL et al. Lancet. 2019;393:1937–1947

Doubling of serum creatinine End-stage renal disease

Primary composite renal outcome
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Inflammatory mechanisms in diabetic kidney disease

Alicic RZ et al. Adv Chronic Kidney Dis. 2018;25:181–191Diap
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Inflammatory mechanisms in diabetic kidney disease

Tang SCW & Yiu WH. Nat Rev Nephrol. 2020;16:206–222Diap
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Inflammatory mechanisms in diabetic kidney disease

Rayego-Mateos S et al. Int J Mol Sci. 2020;31:3798Diap
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Inflammatory mechanisms in diabetic kidney disease

Tang SCW & Yiu WH. Nat Rev Nephrol. 2020;16:206–222

Activating signals:
• ATP
• Cholesterol christals
• Hypoxia
• Etc.

Activated signals:

• Mitochondrial dysfunction
• Lysosomal rupture
• K+ efflux
• Ca2+ signaling

Priming signals (DAMPs):
• Oxidized LDLs
• AGEs/ALEs
• FFAs, etc.
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NLRP3 activation in diabetic kidney disease

Shahzad K et al. Kidney Int. 2015;87:74–84

Diabetic mice (WT, KO for NLRP3, transplanted with BM cells)
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P2X7R-mediated NLRP3 activation in diabetic kidney disease

Diabetic mice (WT, KO for P2X7R)

Solini A et al. J Pathol. 2013;231:342–353
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Role of epigenetic changes in driving renal inflammation and injury

Zheng W et al. Clin Epigenet. 2021;13:87Reidy K et al. J Clin Invest. 2014;124:2333–2240Diap
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Role of impaired autophagy in driving renal inflammation and injury

Kimura T et al. Autophagy. 2017;13:6:997–1003

Hyperglycemia

Koch EAT et al. Int Urol Nephrol. 2020;52:1705–1712Diap
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Role of renal hypoxia in driving renal inflammation and injury

Hesp HC et al. Kidney Int. 2020:98:579–589Parker M. Am J Kidney Dis. 2021;77:280–286

↑ ATP 
demand

↓ ATP 
generation

↑ GFR
↑ tubular growth
↑ SGLT expression
↑ RAAS activation
↑ vasopressin

↓ renal perfusion and 
oxygen supply

↓ oxygen-efficient fuel
utilization

↓ AMPK activity
↓ mitochondrial function
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Role of intestinal dysbiosis in driving renal inflammation and injury

Mosterd CM et al. Best Pract Res Clin Endocrinol Metab. 2021;35:101484Diap
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Inflammatory mechanisms driving renal fibrosis and injury

Hung PH et al. Int J Mol Sci. 2021;22:11857

Hyperglycemia

Kidney
injury

Activation of 
pro-inflammatory

pathways

Production of 
inflammatory

cytokines

Activation of 
pro-fibrotic
pathways

ECM 
accumulation

Diap
os

itiv
a p

rep
ara

ta 
da

 G
IU

SEPPE PUGLIE
SE e 

ce
du

ta 
all

a S
oc

iet
à I

tal
ian

a d
i D

iab
eto

log
ia.

 

Per 
ric

ev
ere

 la
 ve

rsi
on

e o
rig

ina
le 

si 
pre

ga
 di

 sc
riv

ere
 a 

sid
ita

lia
@

sid
ita

lia
.it



Potential anti-inflammatory strategies for diabetic kidney disease

Rayego-Mateos S et al. Int J Mol Sci. 2020;31:3798Diap
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Kolkhof P et al. Handbook of Experimental Pharmacology 243. 2016;271–305

Mineralocorticoid receptor activation
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Chaudhuri A et al. Diabetes Obes Metab. 2022;24:365–376

Mineralocorticoid receptor activation
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Barrera-Chimal J et al. Kidney Int. 2019;96:302–319 

Blockade of mineralocorticoid receptor activation
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Niewczas MA et al. J Am Soc Nephrol. 2012;23:507–515

The Joslin Kidney Studies

410 patients with type 2 diabetes with and without proteinuria

Inflammatory markers as predictors of diabetic kidney disease progression
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Baker NL et al. Diabetes Care. 2018;41:128–135

The Diabetes Control and Complications Trial/Epidemiology of 
Diabetes Interventions and Complications (DCCT/EDIC)

1,346 (DCCT) and 816 (EDIC) patients with type 1 diabetes

Inflammatory markers as predictors of diabetic kidney disease progression
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Baker NL et al. Diabetes Care. 2018;41:128–135

The Diabetes Control and Complications Trial/Epidemiology of 
Diabetes Interventions and Complications (DCCT/EDIC)

1,346 (DCCT) and 816 (EDIC) patients with type 1 diabetes

Inflammatory markers as predictors of diabetic kidney disease progression
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Niewczas MA et al. Nat Med. 2019:25:805–813

The Joslin Kidney Studies and the Pima Indian Study

Discovery cohort of 219 and validation cohort of 144 patients with type 1 and 2 diabetes

Inflammatory markers as predictors of diabetic kidney disease progression
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Niewczas MA et al. Nat Med. 2019:25:805–813

The Joslin Kidney Studies and the Pima Indian Study

Discovery cohort of 219 and validation cohort of 144 patients with type 1 and 2 diabetes

Inflammatory markers as predictors of diabetic kidney disease progression
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Schrauben SJ et al. J Am Soc Nephrol. 2021:32:115–126

The Chronic Renal Insufficiency Cohort (CRIC) Study

596 patients with type 2 diabetes and an an eGFR <60ml/min per 1.73m2

Inflammatory markers as predictors of diabetic kidney disease progression

Age- and sex-adjusted Pearson partial correlations of baseline biomarkers, eGFR, and proteinuria; a p<0.01; b p<0.05

HR (95% CI) of DKD progression as a 
function of each biomarker. Adjusted for 

age, sex, race/ethnicity, education, clinical 
center, systolic and diastolic BP, BMI, 

hsCRP, HbA1c, anti-hypertensive therapy, 
smoking status, baseline eGFR, and UPCR.
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Inflammatory markers as predictors of diabetic kidney disease progression

Gutierrez OM et al. Am J Kidney Dis. 2022;79:849–857

594 participants (mean age, 70 years; 53% women) who had diabetes and an eGFR <60 mL/min/1.73 m2 at baseline

The Reasons for Geographic and Racial Differences in Stroke (REGARDS) Study 

Age- and sex-adjusted Pearson partial correlations of baseline biomarkers, UACR, and eGFR; a p<0.01

HR (95% CI) of incident kidney 
failure with replacement 

therapy (KFRT) as a function of 
each biomarker. Adjusted for 

age, race, sex, education, BMI, 
systolic BP, antihypertensive 

therapy, smoking status, CHD, 
stroke, UACR, and eGFR.C statistic change for predicting KFRT with Kidney Failure Risk Equation (KFRE) Score KIM-1 and/or TNFR1

Diap
os

itiv
a p

rep
ara

ta 
da

 G
IU

SEPPE PUGLIE
SE e 

ce
du

ta 
all

a S
oc

iet
à I

tal
ian

a d
i D

iab
eto

log
ia.

 

Per 
ric

ev
ere

 la
 ve

rsi
on

e o
rig

ina
le 

si 
pre

ga
 di

 sc
riv

ere
 a 

sid
ita

lia
@

sid
ita

lia
.it



Inflammatory markers as predictors of diabetic kidney disease progression

Cheng D et al. Endocrine. 2020;68:32–43

Meta-analysis of 19 studies (5 T1D and 14 T2D)
Type 1 diabetes Type 2 diabetes
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Conclusions

 Impact of glycemic control on diabetic kidney disease progression

 Currently avaliable renoprotective drugs

 Search for new renoprotective strategies

 Inflammatory mechanisms in diabetic kidney disease

Mineralocorticoid activation and blockade

 Inflammatory markers as predictors in diabetic kidney disease progression

Intensive glycemic control reduces progression of diabetic kidney disease, acting on
albuminuria more than on eGFR decline

RAS blockers and SGLT-2 inhibitors confer renal protection beyond their anti-hypertensive
and anti-hyperglycemic effects, but significant residual risk remains

New renoprotective drugs acting on metabolic and hemodynamic mechanisms are
needed to further reduce residual risk

Pro-inflammatory and pro-fibrotic pathways are triggered by metabolic and hemodynamic
mechanisms and represent another suitable target for new renoprotective drugs

Mineralocorticoid receptor activation results in the activation of pro-inflammatory and
pro-fibrotic pathways and its blockade may represent a promising therapeutic strategy

Multiple inflammatory markers are being investigated as predictors of diabetic kidney
disease progression in addition to albuminuria and eGFR
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