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Iperuricemia e rischio 
cardio-metabolico: 

nuove strategie di traHamento



Gout: why an ancient disease is a 
modern day problem? 

Epidemiology-Pathophysiology 

Treatment 



Frederick Akbar Mohamed 
hypothesized that uric acid 

might be integral in the 
development of essential 

hypertension (1879) 
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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 
Andrès	M	et	al.	ARTHR	&	RHEUM	2016:68	(6):1531–1539	
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Silent	MSU	Crystal	Deposits	Are	Associated	
With	Severe	Coronary	Calcifica.on	in	

Asymptoma.c	Hyperuricemia	(SUA	>7	mg/dL)	

²  74/140	pts	(53%)	with	NSTEMI	
had	hyperuricemia	

²  13/74	pts	(17%)	with	
asymptomaAc	hyperuricemia	
had	MSU	crystals	

P=0.003	



SUA, oxida9ve stress and CV disease: 
a comprehensive hypothesis

HTN, CKD 
CV disease 

  Serum Uric Acid 

Gout 

Borghi C, Desideri G, Hypertension 2016 



Uric Acid – Key Ingredient in the Recipe for Cardiorenal 
Metabolic Syndrome

Chaudhary K et al Cardiorenal Med 2013;3:208–220 



Viazzi	F	et	al.	Diabetes Care. 2011; 34:126-8	

Serum Uric Acid Levels Predict New-Onset Type 2 Diabetes in 
Hospitalized Pa9ents With Primary Hypertension: The MAGIC Study

S
ur

vi
va

l W
ith

ou
t D

ia
be

te
s 

(%
) 

Years 



170	–	
	

150	–	
	

130	–	
	

110	–	
	

90	–	
	

	0																		2																		4																		5															6																			7	weeks																																																		

Hyperuricemia	induced	by	oxonic	acid	(uricase	inhibitor)	

Sy
st
ol
ic
	B
lo
od

	P
re
ss
ur
e	
(m

m
Hg

)	

Controls	

Allopurinol	

Mazzali M et al. Hypertension 2001, 38:1101-1106 

Elevated uric acid increases blood pressure in the rat by a novel 
crystal-independent mechanism



 Serum uric acid as a predictor of hypertension

Feig J et al. J Pediatrics 2013 



 Serum uric acid as a predictor of hypertension

Feig J et al. J Pediatrics 2013 



Verdecchia P et al. Hypertension. 2000;36:1072-1078.) 

Total	CV	events	 Fatal	CV	events	 All	cause	deaths	

 1720 subjects with EH, untreated, screened for absence of cardiovascular disease, renal disease, cancer, and 
other important disease. Follow-up up to 12 years (mean, 4.0) were followed 
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mg/dL              4.5             5.2              6.2                                                         3.2              3.9             4.6   

T	 T	 T	
Rela9on Between Serum Uric Acid and Risk of

CVD in Essen9al Hypertension: The PIUMA Study



²  Casiglia E, et al.  J Hypertens. 2020;38(3):412-419

²  Virdis A, et al Hypertension. 2020;75(2):302-308.

²  Malober9 A, et al. High Blood Press Cardiovasc Prev. 2020 Apr;27(2):
121-128. 

²  Muiesan ML, et al . J Hypertens. 2020 Jul 15. doi: 10.1097/HJH.
0000000000002589..



Iden9fica9on of the uric acid thresholds predic9ng an increased 
total and cardiovascular mortality over 20 years

Kaplan-Meier survival es9mates according to the 
iden9fied thresholds

all-cause mortality – 4.7 mg/dL  cardiovascular mortality – 5.6 mg/dL 

Virdis	A	et	al.	Hypertension	in	press	



Casiglia	E	et	al.	J	Hypertension	2019	

Serum uric acid and fatal myocardial infarc9on: detec9on of prognos9c cut-
off values:The URRAH (Uric Acid Right for Heart Health) study



Bohle V et al. Arthri9s Rheum 2010;62:1069-1076 

Rela9onship between serum uric acid levels and annual 
incidence of gout  



Low probability for 
being gouty 



The pH-solubility relationships of uric acid and MSUM 

Normal condition  
(pH 7.4) 

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

The pH-solubility rela9onships 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 ︎mmol/L ) mmol/L ) 



HTN, CKD 
CV disease 

  Serum Uric Acid 

Gout 

Borghi C, Desideri G, Hypertension 2016 

Intracellular Uric 
Acid 

 i.c. oxidative stress (  eNOS)  
mitochondrial dysfunction 

RAAS activation 

High TG,MS,TOD 

SUA, oxida9ve stress and CV disease: 
a comprehensive hypothesis



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. 



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. 



Searching for the righ rela9onship between uric acid 
and CV diseases

Uric	acid	

Xanthine	
oxidase	

Uric	acid	



So	A	et	al.	J	Clin	Invest.	2010;120(6):1791–1799.		
Reginato	AM	et	al.	Nat	Rev	Rheumatol.	2012	October	;	8(10):	610–621		

Gene9c variants implicated in the 
pathogenesis of hyperuricaemia or gout



Pathophysiology of circula9ng xanthine oxidoreductase: New 
emerging roles for a mul9-tasking enzyme

BaHelli MG et al. Biochimica et Biophysica Acta 1842 (2014) 1502–1517



Xanthine oxidase gene variants and their associa9on with 
blood pressure and incident hypertension

Scheepers LEJM et al. J Hypertens 2016;34:2147–2154 

Variation in uric acid production, as captured by genetic variation in XOR, might be a 
predictor of changes in blood pressure and in the risk of hypertension 



Inibizione della XO e protezione vascolare

Nomura J et al Sci Rep. 2014 Apr 1;4:4554. doi:10.1038/srep04554 



uricase inhibitor, oxonic acid  OA 
5/6 nephrectomy      RK 
allopurinol      AP 
benziodarone (uricosuric)     BZ   

A Role for Uric Acid in the Progression of Renal 
Disease 

KANG et al. JASN 13: 2888-2897, 2002 



Associa9on of high plasma xanthine oxidoreductase ac9vity with 
severity and clinical outcome in pa9ents with chronic heart failure

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

All cardiac event Cardiac mortality 



Effects of Xanthine Oxidase Inhibi9on in Hyperuricemic 
Heart Failure Pa9ents 




Givertz MM et al. Circula9on. 2015;131:1763-1771 

The	Xanthine	Oxidase	Inhibi.on	for	Hyperuricemic	Heart	Failure	Pa.ents	(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 



Associa9on of low plasma xanthine oxidoreductase ac9vity with 
severity and clinical outcome in pa9ents with chronic heart failure

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

All cardiac event Cardiac mortality 



Rela9onship between plasma xanthine oxidoreductase 
ac9vity and LVEF among cardiac pa9ents

Fujimura Y et al. PLoS ONE 12(8): e0182699. 
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Associa9on of plasma xanthine oxidoreductase ac9vity with 
severity and clinical outcome in pa9ents with chronic heart failure

Otaki Y et al. Interna9onal Journal of Cardiology 228 (2017) 151–157



Effects of Xanthine Oxidase Inhibi9on in Hyperuricemic 
Heart Failure Pa9ents 




Givertz MM et al. Circula9on. 2015;131:1763-1771 

The	Xanthine	Oxidase	Inhibi.on	for	Hyperuricemic	Heart	Failure	Pa.ents	(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 ac9vity

Low XO ac9vity



Cardiovascular Safety of Febuxostat or Allopurinol in 
Pa9ents with Gout

White WB et al. N Engl J Med. 2018 Mar 12.	

Primary end-point:  a composite of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, 
or unstable angina with urgent revascularization 



Cardiovascular Safety of Febuxostat or Allopurinol in 
Pa9ents with Gout

White WB et al. N Engl J Med. 2018 Mar 12.	

Primary end-point:  a composite of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, 
or unstable angina with urgent revascularization 



Cardiovascular Safety of Febuxostat or Allopurinol in 
Pa9ents with Gout

White WB et al. N Engl J Med. 2018 Mar 12.	

Primary end-point:  a composite of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, 
or unstable angina with urgent revascularization 



Kojima S et al. European Heart Journal (2019) 00, 1–10

Febuxostat for Cerebral and CaRdiorenovascular Events 
PrEvEn9on (FREED) StuDy	

Primary composite event: cerebral, 
cardiovascular, and renal
events and all deaths.



Xanthine oxidase inhibitors for preven9on of cardiovascular events: a 
systema9c review and meta-analysis of RCT

total CV events 

serious CV events 

Bredemeier et al. BMC Cardiovascular Disorders (2018) 18:24	

Meta-regression coefficient 0.002, 
95% CI 0.001 to 0.004, P = 0.006 

Meta-regression coefficient 0.002, 
95% CI 0.000 to 0.003, P = 0.039 



20% Iperproducers
XO overac9vity (gene9c, induced) or 

”overfeeding” (food, fructose, 
purines)

80% Underexcretors
(physiologically, low GFR, 

Diure9cs)

Uric Acid excre9on/produc9on balance
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DM/SM	

PAD	

DM:	diabete	mellito	
SM:	sindrome	metabolica	
SC:	scompenso	cardiaco	
PAD:	arteriopa.a	periferica	
CKD:	mala(a	renale	cronica	

HF	
CHD	

Il mondo sommerso dell’iperuricemia 
con e senza deposi9 di urato



Ultrasonographic assessment of joint pathology in type 2 diabetes and 
hyperuricemia (60%) or gout (40%): The Fremantle Diabetes Study Phase II

²  A subset of 101 par9cipants (mean age 70.4 years, 59.8% males, median diabetes dura9on 14.6 
years) with hyperuricemia (fas9ng serum uric acid ≥0.42mmol/L),

²  Joint inflamma9on and/or urate deposi9on were present in the majority of community-based 
pa9ents with type 2 diabetes and hyperuricemia regardless of whether there was a history of gout.

double contour sign (27.7%) Aggregates (59.4%) 

power doppler signal (37%) Tophus (19.8%) 

Keen HI et al. Journal	of	Diabetes	and	Its	Complica.ons	32	(2018)	400–405
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Hyperuricemia starts at  
360 micromoles (6 mg/dL) 

Journal	of	Hypertension	2015,	33:1729–1741	



XO-inhibi9on: interven9on area

CKD progression

CVD progression



XO-inhibi9on: interven9on area

CKD progression

CVD progression

XO 

XO 



Pathophysiological mechanisms linking hyperuricemia with 
and/or withouts deposits to CVD (likely) include
² UA induced vascular dysfunc9on
² UA induced metabolic derangement
²  XO overac9vity (gene9c, induced) or ”overfeeding” (food, 

fructose, purines)
² UA deposits induced “microinflamma9on”






Mechanis9c evidence iden9fies the selec9ve XO-inhibi9on as 
the most effec9ve strategy for the management of 
hyperuricemia in addi9on and beyond the effects on SUA


Conclusions

Asymptoma9c or…..                  subclinical?


