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Cardio-renal prognosis by eGFR and albuminuria 

in Diabetes Mellitus



CV mortality according to UACR CV mortality according to eGFR

CV risk increases as albuminuria progresses or eGFR declines
…and risk is constantly higher in DM vs no-DM

Fox CS, CKD Prognosis Consortium,  Lancet 2012

Risk of CV death is significantly increased 
as UACR rises above 10 mg/g

Risk of CV death is significantly increased 
as eGFR falls below 75 ml/min/1.73 m2
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MA including 1,024,977 patients



ESKD according to UACR ESKD according to eGFR

Risk of ESKD is significantly increased 
as UACR rises above 100 mg/g

Risk of ESKD is significantly increased 
as eGFR falls below 45 ml/min/1.73 m2
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Fox CS, CKD Prognosis Consortium,  Lancet 2012

ESKD risk increases as albuminuria progresses or eGFR declines
…and risk is constantly higher in DM vs no-DM

MA including 1,024,977 patients



Categorie di rischio Cardio-Renale nel DM tipo 2 
(Linee Guida ESC-EASD 2019)

SIC-SIN Consensus, G ITAL CARDIOL Oct 2022



Novel approach to the high risk Diabetic CKD

Prevention of Target Organ Damage 

…more than control of glycemia



Consensus report by ADA-KDIGO:
Diabetes management in chronic kidney disease

Kidney Int,  19 Oct 2022

…Comprehensive care in which pharmacotherapy that is proven to improve
kidney and cardiovascular outcomes is layered on a foundation of healthy lifestyle



Consensus report by ADA-KDIGO:
Diabetes management in chronic kidney disease

Kidney Int,  19  Oct 2022



Consensus report by ADA-KDIGO:
Diabetes management in chronic kidney disease

Kidney Int,  19  Oct 2022



FLOW trial (semaglutide): 
first dedicated* GLP1-RA renal outcome trial

*DKD as inclusion criterion:
• eGFR 50–75 mL/min + UACR 300–5000 mg/g
• eGFR 25–50 mL/min + UACR 100–5000 mg/g

*Renal Primary Objective:
Time to first occurrence of a composite of persistent eGFR
decline ≤50%, reaching ESRD, death from kidney disease or 
death from CV disease

s.c.  OW

s.c.  OW

>3,000 patients with type 2 DKD 
under RAAS blockade

From Jun 2019 to Aug 2024 (expected) 



Ejection FractionCV outcome in “survivors” with DM-CKD



Circ Heart Fail. 2016

Type 2 DM occurs in 25% of patients with chronic HF  worse outcome
and in 40% of those hospitalized with acute HF  worse outcome

CKD is common in HF (40% to 50% ) and severity of renal dysfunction                        
is associated with a graded increase of death risk

Presence of HF complicates the pharmacological treatment of hyperglycemia:
• Thiazolidinediones are associated with greater rates of HF hospitalization 
• Sulfonylureas and insulin increase the risk of hypoglycemia



The kidney in the early stages of HF



• 10 untreated asymptomatic HF patients (NYHA class I, LVEF 29.7±2 %)                                                                                      
with normal renal function (sCreat 1.0 ± 0.06)

• 10 matched normal controls (similar age, BMI, BP, sCreat and salt intake) 

• 8 days of high salt intake (15 g/day) vs low salt intake (6 g/day)

• 24h UNaV (salt intake), renal clearances (renal hemodynamics and tubular function)

• Effects of 6-week treatment with Enalapril 5 mg/day

Hypertension 1997

Massimo Volpe, Paola Magri, Maria A. E. Rao, Sara Cangianiello, Luca De Nicola, 
Alessandro F. Mele, Bruno Memoli, Iolanda Enea, Speranza Rubattu, Bruna 
Gigante, Bruno Trimarco, Murray Epstein, and Mario Condorelli



Intrarenal determinants
of Na retention in mild HF

Hypertension 1997

Effects of increased NaCl intake
on UNaV and Na+ balance 

The two groups differed  in cumulative 
Na+ balance with increased ECV of 1.6 L 
in normal and 2.4 L in MHF due to 
increased prox tubule reabsorption at 
high salt diet in mild HF 
(P<.001)



GFR 
(mL/min)

baseline          amino acid infusionbaseline          amino acid infusion

RPF
(mL/min)

Circulation 1998



The kidney in the late stages of HF



Schrier, NEJM 1999 

Overt HF: Mechanisms of salt and water retention



Overt HF: Diuretic Resistance

Definition
• Persistent congestion despite                  

furosemide >80 mg/day
• Failure to excrete at least 90 

mmol Na within 72 h of oral 
furosemide 160 mg x 2/day

ter Maaten Nat Rev Card 2015



Multiple Diuretics in HF 
after efficacious salt restriction

GFR
(ml/min)

FUROSEMIDE
(mg/die)

60-30 50-100

29-15 100-250

<15 250-500

Goal of BW decrease:
0.3-0.5 kg/day

 preload   heart function   renal perfusion



Zannad, Lancet 30 Aug 2020 

* defined as either sustained eGFR lower than 15 mL/min per 1·73 m², chronic dialysis, or renal transplant 

*



Prevalence of left ventricular diastolic dysfunction categories

Borrelli, De Nicola; J Hypertension 2022

140 ND-CKD patients  with LVEF >50% followed for 4.6 yrs (age 66; eGFR 39; 44% diabetics)

Absent

Indeterminate

Diastolic Dysfunction

eGFR decline ESKD or delta GFR > 50%

DD

IND

NOR



Anker for EMPEROR-Preserved  group, NEJM 27 Aug 2021 

• 5988 patients with HF and EF >40%
• Mean eGFR 61 and eGFR <60 in 50%
• DM2 49%
• FU 26.2 months



Solomon for DELIVER study  group, NEJM 27 Aug 2022 

• 6263 patients with HF and EF >40%
• Mean eGFR 61
• DM2 45% 
• FU 26.2 months

composite of worsening HF (unplanned hospitalization for HF 
or urgent visit for HF) or cardiovascular death



Conclusions



Metformin
CKD 3a: ≤ 1500 mg/day
CKD 3b: ≤ 1000 mg/day
CKD 4:   ≤ 500 g/day
CKD 5:  do not use

Cardiorenal risk          
high or very high

Diet and 
Lifestyle

SGLT2-I
 CKD
 Heart failure

• No if frequent genital infections
• No if high amputation risk

GLP1-RA
 History of CV events 
 CKD (II choice)

• No if GI intolerance
• No if risk of medullaty thyroid K

Cardiorenal risk
moderate

DPP4-I
Linagliptin 5 mg/d 

across the whole spectrum CKD

Antihyperglycemic Treatment of DKD
Nephrologist Perspective



Ejection Fraction

RENAL ANGINA
Rprox

Renal reserve

ISCHEMIC KIDNEY FAILURE
RPF, GFR

Na and water excretion

CONGESTIVE KIDNEY FAILURE
Venous 

Congestion 

 Natriuretic response 
to high salt intake

 Diuretic Resistance       
 CKD/HF progression

- Low salt diet & RAASI

- Diuretics & SGLT2-I

Renal Dysfunction in Heart Failure 
Nephrologist Perspective


