
La gestione del rischio cardio-nefro-
metabolico: focus su acido urico e 

terapia con statine
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Il continuum cardio-nefrometabolico



Once upon a time…..
Introduction to the metabolic syndrome
Alberti G. Eur Heart J (suppl) 2005

Copur S et al. Eur J Intern Med 103 (2022) 4–12



Du L, et al, Signal Transduction and Targeted Therapy (2024) 9:212



SUA and drug treatment: what else?

LIFE Study/RENAAL Study
Hoieggen A et al, Kindney Int, 2004

EMPAREG Study
Inzucchi S et al, Diab Care 2018

PARADIGM-HF Study
Mogensen UM et al, Eur J Heart Fail 2017

Significant decrease in S.Uric Acid

Significant Improvement in clinical outcome

What they have in common?

EMPEROR-PRESERVED Study
Anker S et al, New Engl J Med 2021

SOCRATES-Reduced
Kramer F et al, Eur J Heart Fail 2020

DAPA-HF 
Doherty KF et al, AHA 2021



J Hypertens 42:1390–1398

All-cause mortality CV mortality

NMCD, 35 (2025) 103796 
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1Liu SC et al. PLoS One. 2015 Jul 31;10(7):e0134088. d 

2Clarson LE et al. European Journal of Preventive Cardiology 2015, Vol. 22(3) 335-343

Gout is associated with increased 
risk for cardiovascular events

Gout and Risk of Myocardial Infarction1 Gout and Mortality for CHD2



Subclinical Gout and Cardiovascular Disease

High Serum Uric Acid
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NormouricemiaAsymptomatic hyperuricemia withouts crystalsAsymptomatic hyperuricemia with crystals

Andrès M et al. ARTHR & RHEUM 2016:68 (6):1531–1539
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Silent MSU Crystal Deposits Are Associated 
With Severe Coronary Calcification in 

Asymptomatic Hyperuricemia (SUA >7 mg/dL)

◇ 74/140 pts (53%) with NSTEMI had 
hyperuricemia 

◇ 13/74 pts (17%) with 
asymptomatic hyperuricemia had 
MSU crystals

P=0.003



XO overactivity
(genetic, induced) 
or ”overfeeding” 
(food, fructose, 

purines)



Journal of the American Heart Association. Association of , 
Volume: 12, Issue: 10, DOI: (10.1161/JAHA.123.029633) 

Serum Uric Acid Level and Cardiovascular Disease in People Without 
Risk Factors for Cardiac Diseases in China

5.0 mg/dL4.5 mg/dL
4.5 mg(dL



Chih MH et al. CrystEngComm, 2016,18, 290-297 

The pH-solubility relationships of uric acid and MSUM

MSU crystals

In normal condition (37°C, aqueous solution, pH 7.4) the solubility limit of MSU is 
reached when the urate concentration is about 6.4 mg/dL (384 µmol/L )



Min-A YU et al. Journal of Hypertension 2010, 28:1234–1242

Effect of uric acid on ROS generation in human umbilical vein 
endothelial cells.



Nardi V et al.  Hypertension. 2022;79:1814–1823.

Uric Acid Expression in Carotid 
Atherosclerotic Plaque and 

Serum Uric Acid Are Associated 
With Cerebrovascular Events



XO overactivity
(genetic, induced) 
or ”overfeeding” 
(food, fructose, 

purines)



Urate Genetic Score:  
Association of Genetically Raised Urate With 

Cardiometabolic Outcomes 

Keenan T et al. J Am Coll Cardiol. 2016 Feb 2;67(4):407-16.



Difference between the crude cumulative all-cause mortality 
rate in 15-year period in individuals with preserved and 

reduced renal function in clearly hyperuricaemic and less 
hyperuricaemic/normouricaemic study subjects.

Relationship between SUA levels and 
eGFR in women and men 



Fang J et al. JAMA 2000; 283: 2404-2410.

Hazard Ratios per la mortalià per tutte le cause, per malattie cardiovascolari 
(CVD) e per malattia coronarica (IHD) per ogni aumento dell'uricemia di 1 mg/dL

(NHANES I, 1971-1992)



AUROC 0.654 (0.608-0.699) p<0.001 
Cut-off 4.2 mg/dl; Spec 55.3%; Sens. 82.9% 

AUROC 0.577 (0.538-0.596) p<0.001 
Cut-off 5.7 mg/dl; Spec 75.4%; Sens. 36.3 

6921 pazienti

3817 pazienti

AUROC 0.607 (0.590-0.624) p<0.001 
Cut-off 5.1 mg/dl; Spec 65.1%; Sens. 50.2% 

AUROC 0.589 (0.571-0.606) p<0.001 
Cut-off 5.5 mg/dl; Spec 60.4%; Sens. 52.5 

URRAH – 4P MACE (20243 pts)



Xanthine oxidoreductase: A leading 
actor in cardiovascular disease drama 

Polito L et al. Redox Biology 48 (2021) 102195



Association of plasma xanthine oxidoreductase activity with 
severity and clinical outcome in patients with chronic heart failure

Otaki Y et al. International Journal of Cardiology 228 (2017) 151–157



Effects of Xanthine Oxidase Inhibition in Hyperuricemic 
Heart Failure Patients 

	

Givertz MM et al. Circulation. 2015;131:1763-1771 

The Xanthine Oxidase Inhibition for Hyperuricemic Heart Failure Patients (EXACT-HF) Study

253 patients with symptomatic HF, left ventricular 
ejection fraction (LVEF) <40%, and serum uric acid 
levels >9.5 mg/dL to receive allopurinol 
(target dose, 600 mg daily) or placebo in a double-
blind trial

High XO activity

Low XO activity
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Iperuricemia  
asintomatica

ictus 
demenza

CKD

HF 
CHD

DM/SM

PAD

DM: diabete mellito 
SM: sindrome metabolica 
SC: scompenso cardiaco 
PAD: arteriopatia periferica 
CKD: malattia renale cronica

HF 
CHD

Il mondo sommerso dell’iperuricemia  
con e senza depositi di urato





20% Iperproducers
XO overactivity (genetic, induced) or 

”overfeeding” (food, fructose, 
purines)

80% Underexcretors
(physiologically, low GFR, 

Diuretics)

Uric Acid excretion/production balance



Hypertension. 2021;77:383–392.

favorable effect of urate 
lowering therapy on systolic 
blood pressure

favorable effect of urate 
lowering therapy on 
cardiovascular events in those 
with previous cardiovascular 
disease 



CV outcome

Gout outcome





Half a century later…..
Introduction to the metabolic syndrome
Alberti G. Eur Heart J (suppl) 2005

Uric Acid in MASLD 
Biomaker, risk factor, target..other?

Baratta F et al. submitted 



Does Uric Acid Dysmetabolism Predict Prognosis in Patients with Metabolic 
Dysfunction–Associated Steatotic Liver Disease (MASLD)?

°Adjusted for age, sex, BMI, eGFR, metabolic syndrome, lipid profile
Baratta F et al. submitted 

Mean F-UP: 55.5 months



Does Uric Acid Dysmetabolism Predict Prognosis in Patients with Metabolic 
Dysfunction–Associated Steatotic Liver Disease (MASLD)?

Baratta F et al. submitted 





“CKD-addon” to Incorporate Kidney Disease 
Measures Into the ESC SCORE2 Equation

https://ckdpcrisk.org/ckdpatchscore2/ 33



ESKD is for the few survivors!
• Older patientsa with CKD are 6 times more likely to die of CV disease than to 

advance to ESKD and dialysisb

Deaths

Survival to  
ESKD/dialysis

26.6%

4.7%



Close Association Between Cardiac and Kidney Pathophysiology1,2

CKD = chronic kidney disease; CV = cardiovascular; RAAS = renin-angiotensin aldosterone system; SNS = sympathetic nervous system.  
1. Adapted from Raina R et al. Cardiol Res. 2020;11:76-88; 2. Adapted from Yogasundaram H et al. Can J Cardiol. 2019;35:1208-1219; 3. Damman K et al. J Am Coll 
Cardiol. 2014;63:853-871; 4. Metra M et al. Eur Heart J. 2012;33:2135-2143.

Initiation of 
kidney damage

Progression  
to CKD

Chronic hypoperfusion, 
Apoptosis

Sclerosis - Fibrosis

Chronic Heart Failure Kidney Disease
• Genetic predisposition 
• Environmental risk factors

• Low cardiac output 
• Inflammation 
• Arterial calcification 
• Endothelial calcification

• Chronic hypoperfusion 
• Increased venous pressure  
• Increased venous resistance

Normal kidney 
function

Cardiorenal  
Connectors

SNS Activation 

RAAS Activation

Oxidative Stress

Inflammation

Anemia, Metabolic Abnormalities, Volume Overload



Pontremoli R et al.. Management of dyslipidaemia in patients with chronic kidney disease: a position paper 
endorsed by the Italian Society of Nephrology. Journal of Nephrology. 2020.

Lipid profile across CKD stages



Risk of CHD

LDL-C= 119 mg/dl LDL-C= 124 mg/dl

Subject A 
Control

“Normal” LDL-C

TG 113 
HDL-C 51

B

B

B

B

B
B

B

Lipoprotein phenotype ↑TG, ↓ HDL-C, ↑ sd LDL;                                                                                
Apo B: Marker of circulating LDL particles

Apo B= 93 mg/dl
↑Apo B= 112 mg/dl

LDL 
Mean diameter 

233 Å

LDL 
Mean diameter 

273 Å

“Normal” LDL cholesterol levels: misleading 
information in CKD patient

TG 113 mg/dL 
HDL 51 mg/dL

TG 224 mg/dL 
HDL 48 mg/dL

 “Normal” LDL-C 
↑Small Dense LDL 
↑Ox-LDL

Subject B 
CKD







KDIGO 2024: valutazione e gestione della malattia renale cronica18

*Gli SGLT2i dovrebbero essere considerati (insieme a RAASi) come co-terapia di prima scelta nei pazienti con MRC. 
SGLT2i: inibitori del cotrasportatore sodio-glucosio di tipo 2; ACEi: inibitori dell’enzima di conversione dell’angiotensina; ARB: bloccante del recettore dell'angiotensina; SBP: pressione arteriosa sistolica; RAS: sistema renina-
angiotensina;  HTN: ipertensione; GLP-1 RA: agonista del recettore del peptide-1 glucagon-like ; ns-MRA: antagonista del recettore mineralcorticoide non steroideo; CCB: bloccante dei canali del calcio;  BP: pressione sanguigna; 
ASCVD: malattia cardiovascolare aterosclerotica; MRC-MBD: malattia renale cronica-minerale e disturbo osseo; MRA: antagonista del recettore mineralcorticoide; PCSK9i: subtilisina della proproteina convertasi/inibitore della 
kexina di tipo 9; eGFR: velocità di filtrazione glomerulare stimata 
18. Kidney International 2024;105(Suppl 4S): S117-S314



2025 ESC/EAS Targets and risk groups

Mach, François, Konstantinos C. Koskinas, Jeanine E. Roeters van Lennep, et al. “2025 Focused Update of the 2019 ESC/EAS Guidelines for the Management of Dyslipidaemias.” Atherosclerosis 409 (October 2025): 120479. https://
doi.org/10.1016/j.atherosclerosis.2025.120479.

41

Treatment goal 
for LDL-C 

Class IIb 

Class IIa 

<3.0 mmol/L 
(<116 mg/dL)

<2.6 mmol/L 
(<100 mg/dL)

Low risk

Moderate 
risk

High 
risk

Very high 
risk

Extreme 
risk

SCORE2/SCORE2-OP <2% • SCORE2/SCORE2-OP ≥2% and <10% 
• Young patients (T1DM <35 years; 

T2DM <50 years) with DM duration <10 
years without other risk factors

• SCORE2/SCORE2-OP ≥10% and <20% 
• Markedly elevated single risk factors, in particular 

TC >8 mmol/L (310 mg/dL) or LDL-C >4.9 mmol/L  
(190 mg/dL) or BP ≥180/110 mmHg 

• FH without other major risk factors 
• Moderate CKD (eGFR 30–59 mL/min/1.73 m2) 
• DM w/o target organ damage, with DM duration ≥10 years or other additional risk 

factor

• ASCVD (clinical/imaging) 
• SCORE2/SCORE2-OP ≥20% 
• FH with ASCVD or with another major risk factor 
• Severe CKD (eGFR <30 mL/min/1.73 m2) 
• DM & target organ damage: ≥3 major risk factors; or early onset 

of T1DM of long duration (>20 years)

• Patients with ASCVD who experience 
recurrent vascular events while taking 
maximally tolerated statin-based therapy 

• Patients with polivascular (e.g. coronary and 
peripheral) arterial disease

CV RiskaClass IIa for individuals in primary prevention with FH at very-high risk

Class I

Class Ia

Class lIb

& ≥50% reduction 
from baseline 
<1.8 mmol/L 
(<70 mg/dL)

<1.4 mmol/L 
(<55 mg/dL)

<1.0 mmol/L 
(<40 mg/dL)

Used with permission from Mach F, et al. 2025.

FA-11616260 03/26



Consensus statement 1 
Global CV risk management is a priority in CKD patients at all stages. CKD is acknowledged as a coronary artery 
disease (CAD) risk equivalent and complete assessment of lipid status (including total and HDL-cholesterol, 
triglycerides and LDL estimation) is mandatory to devise optimal therapeutic strategy. 

Consensus statement 2 
Therapeutic inertia is common in lipid management of CKD patients. LDL reduction should be considered as the 
primary target of therapy and pharmacologic intervention using statins with or without ezetimibe is recommended in all 
patients with stage 3–4 CKD irrespective of baseline values to achieve CV protection. The effect of lipid-lowering 
treatment on proteinuria and renal disease progression requires further evaluation. 

Consensus statement 3 
Patients with stage 3 CKD are considered to be at high risk and patients with stage 4–5 CKD or on dialysis at very 
high risk. In the setting of non-dialysis CKD, goal of therapy is LDL <70 mg/dL in high risk CKD patients and < 55 
mg/dL in very high-risk patients.

Pontremoli R, Bellizzi V, Bianchi S, Bigazzi R, Cernaro V, Del Vecchio L, De Nicola L, Leoncini G, Mallamaci F, Zoccali C, Buemi M. Management of dyslipidaemia in patients with chronic kidney disease: a position paper endorsed by the 
Italian Society of Nephrology. Journal of Nephrology. 2020;33(3):417–430.



Am J Kidney Dis 2003; 41:565-570.





de Zeeuw D et al.  Lancet Diabetes Endocrinol 2015;3: 181–90



de Zeeuw D et al.  Lancet Diabetes Endocrinol 2015;3: 181–90



Association between statin treatment and outcome in relation 
to renal function in survivors of myocardial infarction
Swedish Web-system for Enhancement and Development of Evidence-based care in Heart disease 
Evaluated According to Recommended Therapies (SWEDEHEART): Period 2003-2006, no 42814 
pts in-hospital survivors of MI, no statin therapy on admission

Modificata da Szummer et al. Kidney International 2011:79:997-1004.



Take home messages

➢ Hyperuricemia identifies patients at increased cardio-nephro-metabolic 
risk and is consistently associated with adverse cardiovascular and renal 
outcomes. 

➢ Xanthine oxidase inhibition may represent a promising strategy for 
cardiovascular and renal protection beyond serum urate lowering. 

➢ Chronic kidney disease markedly amplifies cardiovascular risk and 
should be considered a cardiovascular risk equivalent. 

➢ Aggressive optimization of the lipid profile is a cornerstone of 
cardiovascular risk reduction in patients with CKD. 

➢ Statins remain the foundation of lipid-lowering therapy in CKD, 
although their renoprotective effects appear to differ among individual 
agents.


