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Uric acid - General population
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Hazard Ratio

Age at Baseline, y

For both men and women, the risk of increased serum uric acid levels for cardiovascular
mortality was highest for those aged 45 to 54 years. An increase of 59.48 umol/L in serum
uric acid level predicted an increase in cardiovascular mortality rate of 28% (95% Cl, 1.08-

1.52) in men and 43% (95% Cl, 1.16-1.77) in women

JAMA. 2000;283(18):2404-2410.



Uric acid - General population

Serum Uric Acid and Cardiovascular Mortality
The NHANES | Epidemiologic Follow-up Study, 1971-1992
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Age-adjusted cause-specific death rates for all races, as well as between races separately,
revealed that total cardiovascular mortality was highest in the highest serum uric acid
level quartile for all subjects, with the steepest rise in rates for black women

JAMA. 2000;283(18):2404-2410.



Uric acid - Coronary disease

Association of Gout With Long-Term Cardiovascular Outcomes Among
Patients With Obstructive Coronary Artery Disease

Retrospective data from the Duke Databank for Cardiovascular Disease

Cumulative Incidence Curves for CV and AllA cause death by Baseline Gout Status.

(17 201 patients)

« History of gout was related to all-cause mortality both before and after adjustment
(adjusted HR [95% CI], 1.13 [1.05-1.23]; P=0.002;

» History of gout was related to other cardiac death (adjusted HR [95% CI], 1.23
[1.07-1.42]; P=0.003) and noncardiac death (adjusted HR [95% CI], 1.14 [1.02-1.28];
P=0.021) both before and after adjustment
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Uric acid - Heart failure

Uric acid and risk of heart failure: a systematic
review and meta-analysis

Uric acid and the incidence of heart failure

Y
study year  Sex HR (95% Cl) Weight
Bae 2007  mixed ) 2.84 (1.39, 5.82) 425
Holme 2009 men 4- 1.70 (1.56, 1.84) 29.68
Holme 2009 women +: 1.44 (1.30, 1.60) 28.35
Krishnan 2009  mixed Y 2.30 (1.00, 5.10) 3.40
Ekundayo 2010  mixed —— 1.30 (1.05, 1.60) 20.59
Kaya 2012  mixed -—-— 2.30 (1.66, 3.18) 13.73
Overall (I-squared = 71.9%, p = 0.003) <§> 1.65 (1.41, 1.94) 100.00
NOTE: Weights are from random effects analysis
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Hyperuricaemia was associated with an increased risk of suffering from HF
(HR 1.65, 95% CI 1.41 - 1.94)

@ H. Huang et al. European Journal of Heart Failure (2014) 16, 15-24
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Uric acid - Arterial hypertension

“People who are subject to
this high blood pressure ...
frequently belong to gouty
families, or have
themselves suffered from
the symptoms of this
disease”

Frederick Mahomed.
Lancet i:400, 1879



Uric acid - Arterial hypertension

Hyperuricemia and Incident Hypertension: A
Systematic Review and Meta-Analysis

Arthritis Care & Research Grayson CP et al.
Vol. 63, No. 1, January 2011, pp 102-110

2011, American College of Rheumatology

Stuay Risk %

o Ratio (35% CI) weight
Selby 1990 - > 219(1.20,398) 1.45
nnnnnnnnn 200 § ——— 1.96(1.51.253) 7.11

mazu 2001 > 203(1.02,390) 1.36
Nakani sni 2003 —_— 1.58(1.26,1.99) 1011
Sundgstrom 2005 —— 1.59(1.22,207) 873
Shankar 2006 _— 1.65(1.41,1.93) 1292
Peristein 20086 —— 1.08(0.83,1.39) 1235
Mellen 2006 - 1.23(¢1.10,1.38) 16.23
nnnnnnn 2007 - 1.14(1.08,1.20) 17.80
Forman 200 —_— 1.08(0.71,163) 802
Forman 2009 - 1.89(1.26,282) 3.92
Overall (-squared= 74.5%, p = 0.000) <> 1.41(1.23,1.58) 100.00
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Hypertension Risk

Hyperuricemia was associated with an increased risk for incident hypertension
(adjusted risk ratio [RR] 1.41, 95% confidenceinterval [95% Cl] 1.23-1.58).

For a 1 mg/dl increase in uric acid level, the pooled RR for incident hypertension after
adjusting for potential confounding was 1.13 (95% Cl 1.06-1.20).

These effects were significantly larger in younger study populations (P=0.02) and
tended to be larger in women (P=0.059)



s JRIC ACID: THE DOUBLE AGENT
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Figure 1. Ushaped association between serum uric acid level with [A) allcause and (B) cardiovascular disease (CVD) mortality among
127 771 older people. Hazard ratios (HRs) (95% confidence intervals) of serum uric acid categories associated with (A) all-cause ane
(B) CVD mortality in Cox models are depicted. Model 1 was an unadjusted crude HR. Model 2 was adjusted for age and sex. Model 3 wa:
adjusted for age, sex, smoking, alcohol consumption, body mass index, systolic blood pressure, and baseline comorbidities (hypertension
diabetes mellitus, dyslipidemia, coronary artery disease, and cerebrovascular disease). Model 4 included covariates from model 3, as wel
as laboratory biochemical profiles. Serum uric acid category of 4 to <5 mg/dlL served as reference.



Uric acid induces damage through ROS: a concentration dependent effect

Uric Acid
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Uric acid protects against ROS : a concentration dependent effect
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Uric acid and Aspirin
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The CARES study
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The CARES study

In total, 6190 patients underwentndomization, recefid febuxostat or allopurinol,
and were followed for a media 32 months (maxXWPlum, 85 months). The trial
regimen was discontinued in 56.6% of patients, and 45.0% discontinued follow-up.



The CARES

Cardiovascular risk factors and history — no. (%)
Diabetes mellitus with small-vessel disease
Hypertension
Hyperlipidemia
Myocardial infarction
Hospitalization for unstable angina
Coronary revascularization
Cerebral revascularization
Congestive heart failure
Stroke

Peripheral vascular disease

study

Febuxostat
(N=3098)

1193 (38.5)
2864 (92.4)
2678 (36.4)
1197 (38.6)
855 (27.6)
1129 (36.4)
69 (2.2)
622 (20.1)
460 (14.8)
412 (13.3)

Allopurinol

(N=3092)

1213 (39.2)
2851 (92.2)
2702 (87.4)
1231 (39.8)
869 (28.1)
1182 (38.2)
54 (1.7)
631 (20.4)
410 (13.3)
375 (12.1)



The CARES study

Uric acid serum levels

Baseline serum urate level — mg/dl

Presence of tophi — no. (%)

8.7+1.7

668 (21.6)

Table S4. Proportion of Patients with Serum Urate Levels < 6.0 mg/dl and < 5.0 mg/d] During the Trial

8.7:1.7
650 (21.0)

Visk Febuxostat Allopurninol Febuxostat Allopunnol
(n = 3098) (n=3092) {n=3098) (n=3092)
< 6.0 mg/dl < 5.0 mg/dl

Week 2 1757/2892 (60.8%5) 1456/2899 (50.2%) 978/2892 (33.5%) 549/2399 (18.9%)
Month 3 1975/2701 (73.1%) 1863/2686 (69.4%) 1156/2701 (42.8%) 716/2686 (26.7%)
Month 6 1823/2537 (71.9%) 1680/2530 (66.4%) 1113/2537 (45.9%) 717/2550 (23.3%)
Month 12 1544/2131 (72.5%) 1423/2152 (66.1%) 950/2131 (45.0%) 662/2152 (30.8%)
Month 18 1982/1775 (72.9%) 1194/1757 (68.0%) 839/1775 (47.3%) 5711757 (32.5%)
Month 24 1159/1580 (73.4%) 1052/1557 (67.6%) 7281580 (46.1%) 498/1557 (32.0%)
Month 36 836/1140 (73.5%) 776/1117 (69.5%) 566/1140 (49.6%) 378/1117 (33.8%)
Month 48 575/799 (72.0%) 567/732 (72.5%) 591799 (48.9%) 996/732 (37.9%)
Month 60 387/511 (75.7%) 359/500 (71.8%) 277(511 (54.95%) 200/500 (40.0%)
Month 72 199/267 (74.5%) 186/248 (75.0%) 154/267 (57.7%) 109/248 (44.0%)




The CARES study

Table 2. Major Safety End Points (Modified Intention-to-Treat Analysis).*

Febuxostat Allopurinol
End Point (N=3098) (N=3092)

no. of patients (%)

Primary end point: composite of cardiovascular 335 (10.8) 321 (10.4)
death, nonfatal myocardial infarction, non-
fatal stroke, or urgent revascularization
due to unstable angina

Secondary end points

Cardiovascular death 134 (4.3) 100 (3.2)
Nonfatal myocardial infarction 111 (3.6) 118 (3.8)
Nonfatal stroke 71 (2.3) 70 (2.3)
Urgent revascularization for unstable angina 49 (1.6) 56 (1.8)
Composite of cardiovascular death, nonfatal 296 (9.6) 271 (8.8)

myocardial infarction, or nonfatal stroke

Death from any cause 243 (7.8) 199 (6.4)

Hazard Ratio
(95% CI)

1.03 (0.87-1.23)%

1.34 (1.03-1.73)
0.93 (0.72-1.21)
1.01 (0.73-1.41)
0.86 (0.59-1.26)
1.09 (0.92-1.28)

1.22 (1.01-1.47)

P Valuej

0.66
(0.002)

0.03
0.61
0.94
0.44
0.33

0.04
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Other studies

Original article P ——

Comparative cardiovascular risk of allopurinol versus
febuxostat in patients with gout: a nation-wide cohort
study

Eun Ha Kang ®", Hyon K. Choi?, Anna Shin', Yun Jong Lee', Eun Bong Lee @°,
Yeong Wook Song® and Seoyoung C. Kim*®

Abstract

Dbjective. To compare cardiovascular {CV) risk among gout patients initiating allopuringl vs febuxostat.

Methods. Using 2002-2015 Kaorean Mational Health Insurance Servica data for the antire Korean population, we con-
Jucted a cohort study on gout patiants initiating allopurinol or febweostat. The primary outcomea was a composita OF and
int of myocardizl infarction, strokaftransient ischaamic attack, or coronary revascularzation. Sscondary outcomeas
wara individual components of the primary outcomea, and all-cause martality. We used propansity score-matching with a
+:1 ratio for allopurinol and febuwxeostat initistors to contral for confounding. Compsting risk analysas were dona for non-
atal outcomes accounting for daaths

Results. We includad 39 640 allopurinol intiators propensity score-matchad on 9910 febuxostat intiators. The maan
3ge was 59.1 years and 78.4% wera male. The incidance rate per 100 parson-years for the primary outcoms was 1.89 for
dllopurinol and 1.84 for febuxostat initistors. The corresponding hazard ratio comparing allopurinal vs febuxostat initiators
was 1.09 (85% Cl: 0.90, 1.32). No significant differance was found for the secondary outcomes, including all-cause
nortality (hazard ratio 0.98; 95% CL 0.79, 1.16). Subgroup analyses limited to those at high CV risk and to equipotant -
Josa initistors (i.e. allopurinal =300 mg/day vs febuxostat =40 mg/day) showed similar results.

Conclusion. Overall, this large Korean populationbased study suggests no difierence in tha risk of non-fatal GV evants
and all-cause mortality beatween allopurinol and febuxostat initiztors. These findings are consistant with the recant US
Viedicara population study, although the cument study population consisted of youngar Asians.

Key words: gout, cardiovascular disease, allopuringl, febuxostat
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Conclusions

Uric acid is associated with
cardiovascular disease

The uric acid U curve should be
considered to interpret clinical data and
the effects of lowering uric acid
therapies



