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traiter I’ hyperuricémie assympoématique ?
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Acide urique et systeme rénal

% et IRC
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Aspects bénéfiques acide urique chez ’'homme ?

Bases puriques (adénosine, inosine)

Hypoxanthine
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Acide urique
‘i

Allantoine (la plupart des mammiféras,
non présente chaz hamme)

* Puissant antioxydant

« Activation syst RAA en condition de deprivation sodique

« Taux sériques plus élevés chez I'espece humaine
avantage pour longevité espece humaine ?

Hadjeres et al RMS 2009, Hediger MA et al. Physiology 2005 w ohestares



Effet protecteur acide urique sur maladies neuro-dégénératives ?

Clinical associations between gout and multiple
sclerosis, Parkinson’s disease and motor neuron
disease: record-linkage studies

Julia Pakpoor', Olena O Seminog’, Sreeram V Ramagopalan? and Michael J Goldacre™

Pakpoor et al BMC Neuwrology (2015) 15:16
DOl 10.1186/512883-015-0273-9

Serum Urate and the Risk of Parkinson’s
Disease: Results From a Meta-Analysis

Churnhong Shen, Yi Guo, Wei Luo, Chen Lin, Meiping Ding

Can J Neurol Sci. 2013: 40: 73-79

Hopitaux
Universitaires
Genéve



Homéostasie acide urique chez I’'homme
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FIGURE 1. Human urate h " stress
homeostasis 2 Yy
Urate is produced as the "
major end product of purine 1
metabolism by liver, muscles, @ in other Allantoin,
Eﬂd intestine. ThE bl'osynfhe— organs; [ungr pargbanate'

sis of urate is catalyzed by brain, etc, alloxan
xanthine ocxidase (XO).
Approximately two thirds of
the daily turnover of urate is accounted for by urinary excretion, with the remaining one third being

excreted into the gut as feces. In the human kidney, filtered urate is reabsorbed via the transporter URAT1. To a

lesser extent, urate may also be secreted directly into the tubular lumen via the MRP4 pump. Dietary fructose, alcohol
consumption, and cellular degradation can furthermore increase urate levels (see text for details). The production allan-
toin and related compounds may occur in tissues, such as vascular smooth muscle cells, as a result of nonenzymatic reac-
tions of urate with reactive oxygen species (13).

Hediger MA et al. Physiology 2005 w ohersrares
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Acide urique et fonction rénale

Urates filtrés puis réabsorbés
(et aussi sécrétés)

Causes classiques
hyperuricémie

en aigu:
-Hypovolémie

en chronique:

-Diurétiques

- IRC (baisse filtration
glomérulaire, compétition avec
d’autres anions sur le
transporteur MPR4)

10% FE,

URAT-1:
Transporteur urates-anion
famille ions organiques

555 aa
12 domaines stransmembranaires

Johnson et al, AJKD 2013 w (hersres



Effet des anti-HTA sur le taux sérique d’acide urique

-Effet direct des diurétiques via
augmentation réabsorption AU

-Effet indirect via réabsorption accrue Na
ds tube proximal liée a « hypovolémie
induite » par diurétiques

Deleaval , RMS 2005, UptoDate 2017

Effet sur le Commentaires
2w sénque
d'acide urique

Diurétiques ™ Effet en quelques jours,
réversible & 'amét du
traitement

Inhibiteurs de F'enzyme - oud Diminuent AU de

de conversion (IEC) fagon modérée
{emviron 10%:)

IEC + diurétiques T L'association pro-
voque une éiévation
modérée du SUA

Antagonistes de =¥ Pas d'effet sur le SUA

l'angictensine Il

Losartan (Casaar®) il Le losartan est le seul
antagoniste qui diminue
efficacement le SUA
{-30%)

Losartan + diurétiques =3 Le losaran contrecarme
I'effiel des diurétiques

Antagonistes du caicium = oud Tester pour lamiodi-
pine et e diliazem
Effet modéré (10%)

Béta-bloguants ot Effet modeste (5-10%)

Béta-bloquants + T L'association augmente

diurétiques I'AU

HEG!
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Epidémiologie hyperuricémie

Etude NHANES 2007-2008:

Prévalence goutte aux US: H 5.9 % F 2%
Prévalence hyperuricémie assmptomatique :
H21.2% F21.6%

Zhou et al. Arthritis Rheumatism 2011

THE PROBLEM: SUGARY DRINKS ARE A MAJOR CONTRIBUTOR TO THE OBESITY EPIDEMIC

Harvard School of Public Health 2012

FRUCTOSE Fructose-1-phosphate
ATP ——— > ADP

v v

Low Pi as consequence  AMP

of ATP consumptlon/y

Activation of
AMP deaminase

] URIC ACID

Figure 1. A pathway by which fructose is metabolized into uric acid. KHK, keto-
hexokinase.

Johnson et al. JASN 2010 w gp



Acide urique et HTN, IRC: marqueur d’association ou facteur

de progression ?

Premiere hypothese d’un lien acide urique-HTN-maladie rénale

ON CHRONIC BRIGHT’S DISEASE, AND ITS ESSENTIAL SYMPTOMS.
BY F. A. MAHOMED, M.D., MEDICAL REGISTRAR TO GUY’S HOSPITAL, AND
ASSISTANT-PHYSICIAN TO THE LONDON FEVER HOSPITAL.

Lancet 1879 1: 399-401

120 ans plus tard

6763 Framingham Heart Study participants (mean age, 47 years).

CONCLUSIONS:

These findings indicate that uric acid does not have a causal role in the development of
coronary heart disease, death from cardiovascular disease, or death from all causes. Any
apparent association with these outcomes is probably due to the association of uric acid
level with other risk factors.

Genéve

Culleton et al. Arch Int Med 1999 w P s



Acide urique et HTN, IRC: marqueur d’association

Proliféraion cell. musc: lsses

Sde précoce - hypertension indwite par acde urique

]

Smade wrdif: hyperven=on rénale sersible 2 2el

AU induit une dysfonction endothéliale:
AU inhibe la production NO

AU augment prolif cellulaire et production
cytokines

AU stimule directement le systéme Rénine-
Angiotensine

Hadjeres et al. RMS 2009 Feig et al. NEJM 2008



Acide urique et HTN: études observationnelles

Table 1. Epidemiclogy of uric acid and hypertension

First authar Year Patients Risk of hypertension Ref.

Kahn 1972 10000 sroeli men, oge 17-25 2Hold risk ot 5 years [35]
enrolled at military induction

Fessel 1973 224 white males in Western US, Greater increase in SBP ot 4 yeors [34]
oge= 35 years

Gruskin 1985 55 odolescents, mcially mixed US Higher uric acid, higher BP 37
population

Rovda 1985 145 Coucasian children in Moscow, Uric ocid> Bmgy/d| predicts severe [38]
oge B-17

Brand 1986 4286 men and women age 35-50 in Uric acid, SBP rise a linear relation [39]
the Framinghaom cohort

Torok 1990 17643 Hungarion children, oge Uric ocid predicts odolescent [40]
6-19 hyperension

Selby 1990 2062 odult men ond women in the Zdold risk ot & y=ors [41]
Kaiser Parmanente, Multiphasic
Health Checkup cohort in Morthern
Califomia

Hunt 1991 1482 odult men ond women in 98 Uiah 24old risk ot 7 years [42]
padigraes

Goldstein 1993 &768 healthy children oge 6-17 Uric acid predicts odolescent [43]

hypartension

Jossa 1994 619 odult males from Southern lialy 24old risk ot 10 years [a]

Dyer 1999 5115 block men and women age Increased risk ot 10 yrs [45]
18-30

Toniguchi 2001 6356 Japonase men oge 35-60 24old risk ot 10 years [48]

Imazu 2001 140 Japansse Americon males age 3.54old risk ot 15 years [47]
4049

Feig 2003 175 rociolly diverse children, oge Uric acid>.5.5mg,/d| predicts [48]
6-18 in Texas hyperension

Masuo 2003 433 nonobese Jopanese men oge Increase 1 mg,/dl associated with [49]
18-40 27 mm Hg rise in 5BF ot 5 years

MNakanishi 2003 Male office workers in Japan, 1.&64old risk ot & years [50]
oge 35-59

MNogohama 2004 4489 Joponese men and women, 1.7 fold risk of 13 years [57]
oge =30

Alpar 2005 577 black (58%) and white [42%) Inereased risk of diasiolic hin at (52)
children enrclled ot oge followed 11 years
until oge 18-35, Bogalusa Trial

Sundstrom 2005 3329 men and women in the Froming- 1.44old risk of 4 years [53]
ham cohort

Parlstein 2006 20462 healthy men oge 40-60 ot 1.54old risk ot 21 yeors [54)
enroliment

Mellen 2006 9104 mixed race [black ond whike] 1.54old risk of @ years [55]
men and women oge 45-64 yrs
at enrcllment, ARIC Trial

Shankar 2004 2 520 White men [44%] and women 1.654cld risk ot 10 years [54]
[56%] oge 43-84 in Wisconsin

Forman 2006 750, mostly white men in 1. 14old risk of 8 years [571
Massec hus setts, Haalth Professionals
Follow Up Study

Krishnon 2007 3073 men oge 35-57 yrs, MRFT 1.84old ot & years [58]
Sndy

Forman 2009 1496 women, rocially diverse, oge 1.94old ot & years [59]
32-52, MNurse's Haalth Study

Zhang 2009 7220 men [74%)] and women (26%] in 1.394cld for men and 1.85kld for [&0]
Quingdoo China, mean oge 37 women ot 4 years

Jones 2009 141 children age 7-18, 54% male, 2. 14old risk in odolescence [&7]

71% black

Table 1 |Continved)
First author Year Pafients Risk of hypertension Ref.
Leile 2010 1410 men and women in Milan, lialy, Increasad risk in middle oge but not [62]
young cohort 42-59, older cohort elderly patients
60-74
Graysan 2010 55407 odults, meto-analysis of 1.44cld risk for 2ach 1mg/dl increase [63]
18 prospective studies in uric ocid
Silversiein 2 108 rocially diverse children, age Linear association between uric acid [18]
£-18 in Taxos and Washington, DC and 5BP in childran on dialysis
Jolly 2012 1078 Alaskan native Americans with 1.24old age adjusted risk [6d]
CKD [HIl
Loaffler mz 8036 odolescents, oge 2.034old risk # serum vric [5]
11-17 evaluated in NHAMES acid > 5.5mg/dl
Boo 2013 11119 healthy odults without Higher uric ocid associoted with [66]
hyperension 1.254ld risk of prehyparknsion
Emokpae 2013 351 patients with essenfial hypartension, Serum uric acid corelaked with sysiolic [67]
100 healthy contrds in Nigeria and diastolic BF
Turok 2013 112 hypertensive patients, Higher uric acid ossocioted with [687
50 normotensive controls nondip'ping shrtus on umbuiutmy
blood pressure
Viazzi 2013 501 halian children referred for CV risk Uric acid independently prediced [69]
assessment higher BP
. 7 .
Environ 40 etudes observationnelles
sur 40 ans avec conclusion univoques:
. 7 . .7
-Hyperuricemie associée avec HTN
. 7 . . )
-Hyperuricémie précede I'HTN
w Hépitaux
Universitaires
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Acide urique et IRC: études observationnelles

Table 2. Epidemiclogy of uric acid and chronic kidney disease

First author Year Patients Major findings Ref.
Isaki 2001 6403, Okinawa Genaral Health Uric ocid = 8mg,/dl increase CKD risk 78]
3fcld in men and 104cld in women
Dommngkitchaipron 2005 3499 Hedlthy individuals in 5E Asia Uric exid > 4.3 associated with 7%
followed for 12 years 1.6%4ld risk of progressive dacline
in renal function
Chonchal 2007 5808, Candiovascular Health Study Uric ocid strongly associated with [80]
pravalent but weokly with incident
CKD
Obarmayr 2008 21 457 Vienna Health Screening Project Uric acid > 7mg/dL increased risk [81]
of CKD 1.7 44old in men, 3.12fcld in
women
Sturm 2008 227, MMKD Study Uric ocid predicted progression of [82)
CKD only in unadjusted sampla
Wainer 2008 13338, ARIC Eoch 1mg/dl increase in uric acid [83]
increase risk of CKD 7-11%
Borges 2009 385 Hypertensive woman Elevated uric ocid associoled with [84)
2 6Hold increased risk of CKD in
hypertensive women
Chen, N 2009 2596, Ruijin Hospital, China linear comelation batween uric acid [85]
and degrea of CKD
Chen, ¥ 009 5722, Taipsi University Hospital Uric ocid associoled with prevalent ]
CKD in eldery
Hsu 2009 177 570, USRDS Higher uric ocid quartile conferred [87]
2.144cld increased risk of ESRD over
25 years
Madero 2009 840, Instivte Nacional de Cariclogia, Patients with CKD 3-4 and uric acid [88]
Maxico cormelates with death but not to ESRD
Park 2009 134, Yonsai University Uric acid>7 mg/d| comrelates with mare (89}
ropid decline in residual renal function
in peritoneal dialysis patiants
Sea 009 28745, Chang Gung University Uric oeid 7.7 mg /dl in man 20
and > 6.6 mg,/dl in women only
weakly ossociated with prevalent
renal impaimant
Bellomo 2010 900 healthy blood donors, prospective Eoch 1mg/dl increase in serum uric [21]
study ocid coralokes with 28% increosed
risk of reducad GFR in 5 years
Ben Dov 201 2449 healthy adults bllowed for Uric ocid > 4.5mg/dl in 23]
25 years in the Jerusalem Lipid men, 5.3 mg/dl in women
Research Clinic associoted with 2. 14ok increased
risk of CKD
Dawson 2013 4984 odults in Glasgow Blood Pressure Highest quorfile of serum uric ocid 73]
Clinic associated with GFR decline and
increasad all couse morkality
Helal 2013 480 potients with Autosomal Dominant Higher quartiles of uric acid associaked [947]
Polyeystic Kidney Disease with more rapid decline in ranal
function
lseki 2013 14630 heolthy odults in Okinawa, Increased uric ocid, within nomal range 957
followed over 10 yeors predicts decline in GFR over 10 years
Krishnan 2013 2116 potients without kidney disease Higher serum uric ocid predicts new (967
in Veteran Administrafion, mean onset kidney disease
age 63
Oh 2013 1743 healthy Karean men without Highest tertile of uric ocid hod 2.34old 577
proteinuria risk of proteinuria over 5 years
Chta 2013 104 hypertensive pofients Serum uric ocid had linear negative [98%

cormlntion with a05FR aver 10 vanrs

Environ 21 études observationnelles
sur 22 ans avec conclusion univoques:
-Hyperuricémie associée avec IRC
-Hyperuricémie précede I'IRC
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Acide urique et IRC: études observationnelles

21475 volontaires sains
7,5 ans de suivi

AU 415-430 risque doublé
d’avoir GFR < 60 ml/mn
AU > 535 risque triplé

Obermayr et al. JASN 2008

Waomen Women Waomen
Normotension Prehypertension Hypertension
9 -
7 - —
5 - i’ —
r
o 3 7 I~
=l 27
o Sigr e
or 1 —= -
- iz
g NMen Men Men
= Normotension Prehypertension Hyperiension
D 9 O+
‘!75 L) f'
= 4 ' ¢
2 7 — " \‘ i |
ol \
. L N
5 ‘\ ’(l ‘\ 2 B
’ w » ~\
’ . ’
B ’ §‘_\/t’/ ¢ r
. ’ - R
~ = N
N L - O -
1 - s = -

Uric Acid [mg/dL]

Figure 2. OR for development of a GFR <60 ml/min per 1.73 m?
depending on UA levels (natural cubic splines) compared with
mean UA levels (4.2 mg/dl for women and 5.9 mg/dl for men);
stratified for gender and hypertension groups2?® adjusted for
GFRb, age, waist circumference, fasting glucose (natural cubic
spline), HDL (log-transformed), triglycerides (log-transformed),
and antihypertensive drug use. Dashed lines denote 95% CI.
Hypertension groups: normal BP, systolic <120 mmHg and dia-
stolic <80 mmHg; prehypertension, systolic 120 to 139 mmHg or
diastolic 80 to 82 mmHg; hypertension, systolic =140 mmHg or
diastolic =90 mmHg.23

HEG!
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Traitement hyperuricémie et HTN, IRC: fort peu d’etudes

Interventionnelles

Use of Allopurinol in Slowing the Progression of Renal Disease

Through Its Ability to Lower Serum Uric Acid Level Al Iopu rinol 'progression IRC ralentie
Yui-Pong Siu, MRCP, Kay-Tai _Il__ignl_g']OIIVIKI?V(;E rléflsgr;ew Ka-Hang Tong, MRCP, and RCT’ 54 patients, dose 100_200 mg/J

American Journal of Kidney Diseases, Vol 47, No 1 (January), 2006: pp 51-59

Effect of Allopurinol on Blood Pressure of Adolescents AIIopurinoI: Baisse HTA
With Newly Diagnosed Essential Hypertension: A
Randomized Trial chez adolescents hypertendus
Daniel I. Feig; Beth Soletsky; Richard J. Johnson dosezoo mg/J
JAMA. 2008;300(8):924-932 (doi:10.1001/jama.300.8.924)
Effect of Allopurinol in Chronic Kidney Disease Progression A”Opu rinol: ProgreSSion IRC ralentie
and Cardiovascular Risk 113 patients randomisés
Marian Goicoechea, Soledad Garcia de Vinuesa, Ursula Verdalles, Caridad Ruiz-Caro, . .
Jara Ampuero, Abraham Rincén, David Arroyo, and José Lufio a I Iop urin OI 100 mg/J VS place bo

Servicio de Nefrologia, Hospital General Universitario Gregorio Marafion, Madrid, Spain

Clin | Am Soc Nephrol 5. 13881393, 2010,

Allopurinol Benefits Left Ventricular Mass and Allopurinol: diminution LVH
Endothelial Dysfunction in Chronic Kidney Disease et dysfonction endothéliale a 9 mois.
Michelle P. Kao,* Donald 5. Ang,* Stephen J. Gandy,” M. Adnan MNadir,* 0 effet sur G FR

J. Graeme Houston,’ Chim €. Lang,* and Allan D. Struthers*

J Am Soc Mephrol 22 13821339, 2011
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Traitement hyperuriceémie et HTN, IRC: fort peu d'études

interventionnelles

A Randomized Study of Allopurinol on Endothelial
Function and Estimated Glomular Filtration Rate in
Asymptomatic Hyperuricemic Subjects with Normal

Allopurinol: amélioration
dysfonction endothéliale

Renal Function

Mehmet Kanbay, * Bulent Huddam,” Alper Azak® Yalcin Solak?* Gulay Kocak Kadioglu,® Ismail Kirbas,®

Murat Duranay, Adrian covic! and Richard J. Johnson™

Clin J Am Soc Neplhrol 6: 185871894, 2011.

TA syst,GFR chez 30 patients
hyperuricémiques

Allopurinol and progression of CKD and cardiovascular events: long-term follow-up of a

randomized clinical trial
Goicoechea et al. Am J Kidney Dis 2015

Vascular Function and Uric Acid-Lowering in Stage
3 CKD

Diana I. Jalal,* Emily Decker,* Loni Perrenoud,* Kristen L. Nowak,* Nina Bispham,1

Tapan Mehta,* Gerard Smits,* Zhiying You,* Douglas Seals,” Michel Chonchol,* and
Richard J. Johnson*

*Division of Renal Diseases and Hypertension, Department of Medicine, University of Colorado Anschutz Medical

Campus, Aurora, Colorado; and "Department of Integrative Physiology, University of Colorado Boulder, Boulder,
Colorado

JASN2016

Effect of Uric Acid Lowering on Renin-Angiotensin-System
Activation and Ambulatory BP: A Randomized
Controlled Trial

Ciaran . McMullan,* Lea Borgi,*" Naomi Fisher,” Gary Curhan,®" and John Forman™'

CJASN in press

Allopurinol: Maintien ralentissement
IRC progression et diminution
événements CV

Allopurinol: absence d’amélioration
dysfonction endothéliale
et pas d’effet sur GFR |

Allopurinol: pas de baisse HTA
chez patients hyperuricémiques !

Hopitaux
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Traitement hyperuriceémie et HTN, IRC: fort peu d'études

Interventionnelles

Meta-analyse: outcomes progression IRC et action protéinurie

Diffarence in moans and B5% CI
Study nama Yoar  DiMerence Lower Upper Relativa
inmeans limit  Emt p-Value weight
S 208 o7 13 00 oM {] ik ]
Sorris 207 Rl =12 01 om ——D—n 31
Momand 010 a1 05 03 0% 4231
Summary Difference R
Q=3.0;F=34;p=022 R
200 400 000 100 200
Farours Allopurino! Favours Control

FIGURE 4: Forest plot showing the effect of uric acid-lowering therapy compared with placebo or no treatment on change in serum creatinine
concentration (mg/dL) from baseline. To convert creatinine from mg/dL to pmol/L, multiply by 88.4.

Differonce in means and 85% C1

Study name Year Diffarence Lower Upper Relative
. Vo S . 1 R Beaucoup d’hétérogénéité dans les
W 2008 04 2.1 48 077 212 , , R . ,
Gosn W2 02 A4 03 0% e 26 études résultats a considérer avec
L] iz Kk -11 10 08&7 —_—— 1140
Momeni 2010 47 45 02 01 ——t 173 prUdenCG
Ko 201 A1 4.4 0.3 054 —C—- B 56
Z"J‘,",‘,'f‘.’a";"ﬂ""in“ 46 04 0 *

400 -2.00 .00 2.00 4.00

Favours Nlopudnnl Favours Control

FIGURE 5: Forest plot showing the effect of uric acid-lowering therapy compared with placebo or no treatment on change in proteinuria
(g/day) from baseline.

enéve
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Acide urique et IRC: études interventionnelles

Allopurinol and Progression of CKD and Cardiovascular Events:
Long-term Follow-up of a Randomized Clinical Trial

Marian Goicoechea, MD, PhD, Soledad Garcia de Vinuesa, MD, Ursula Verdalles, MD,
Eduardo Verde, MD, Nicolas Macias, MD, Alba Santos, MD,
Ana Perez de Jose, MD, PhD, Santiago Cederio, MD, Tania Linares, MD, and
Jose Luno, MD, PhD

Table 1. Baseline Characteristics

Control Allopurinot
in = 56) in = 57)
. . \ .
Suivia 7 ans 113 patients Aowid |
Cystatin © (mg/L) 18 =07 1.8 =05
. . Serum creatinine (mg/dL) 18+ 08 1.7 =04
AIIOpurInOl 100 mg/J 'S placebo eGFR (mL/min/1.73 m3) 305 = 124 406 = 11.3
. . Uric acid (mg/dL) 73186 7.8=21
pdt les premiers 24 mois hs-CRP (mg/L) 3.4 [1.870] 4.4 [257.0]
. A Serum fibrinogen (mgsdL) 374 =78 381 =79
Patients avec 71ans d’age moy, ESR (mm/h) 15[8-29] 17 [8-32]
. . Hemoglobin (g/dL) 14546 136 =17
Taux d’acide urique moy: 450 Serum albumin (9/dL) 44-03  43-03
Albuminuria {mg/d) 35 [11-436] 36 [15-356]
. Renal patho
GFR: 40 ml/mn Diabetes I:gflms 10 (18) 9 (16)
Hypertensive kidney disease 25 (45) 28 (49)
Glomerulonephritis 5 (9) 1(2)
Polycystic kidney disease 1(2) 2 (3)
Interstitial nephropathy 2 (3) 8 (14)
Systemic vasculitis 2 (3) o (o)
Unknown-cause kidney disease 11 (200 9 (16)
Diabetes mellitus 20 (36) 22 (39)
Ischemic cardiopathy 10 (18) 16 (28)
Cerebrovascular disease 2 (4) 2 (3)
Peripheral vascular disease 142 5 (9)
Diuretic use 30 (54) 36 (63)
Thiazide diuretics 13 (23) 15 (27}
Loop diuretics 17 (30) 21 (37)
RAAS blockers 41 (73 47 (82)
Calcium channel blockers 20 (36) 13 (23)
Statin treatment 24 (43) 27 (47)
Antiplatelet treatment 18 (32) 15 (26)
Double treatment 28 (50 32 (56)

AJKD 2015 T reme e 2o w Dohversaies

Genéve



Acide urique et IRC: études interventionnelles

Allopurinol and Progression of CKD and Cardiovascular Events:
Long-term Follow-up of a Randomized Clinical Trial

Marian Goicoechea, MD, PhD, Soledad Garcia de Vinuesa, MD, Ursula Verdalles, MD,
Eduardo Verde, MD, Nicolas Macias, MD, Alba Santos, MD,
Ana Perez de Jose, MD, PhD, Santiago Cederio, MD, Tania Linares, MD, and
Jose Luno, MD, PhD

Baisse de eGFR a 84 mois:

-6.5 + 1.6 ml/mnl (Allop.) "o o
--13.3 + 5mL/mn (Placebo) R

Foay
« Evénements » rénaux: E
16% groupe allopurinol Log;
47% groupe placebo % o
(HR 0.32, 95% Cl 0.15-0.69, p=0.004) Sosg e

% I

ﬁﬂ..‘l—-
« Evénements» CV: 16 (A) vs 23 (Pl.) -
(HR 0.43; 95% Cl 0.23-0.88, p= 0.02) N e i)

Time {mo) D 12 24 36 4B G0 72

B4
Allopurinol (n) &7 &5 54 45 41 37 a5 a2
Conitral (n) 56 5e 44 ai 37 34 F 21

AJKD 2015 w P s
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Acide urique et HTN: études interventionnelles

Vascular Function and Uric Acid-Lowering in Stage
3 CKD

Diana I. Jalal,* Emily Decker,* Loni Perrenoud,* Kristen L. Nowak,* Nina Bispham,1
Tapan Mehta,* Gerard Smits,* Zhiying You,* Douglas Seals,” Michel Chonchol,* and
Richard J. Johnson*

*Division of Renal Diseases and Hypertension, Department of Medicine, University of Colorado Anschutz Medical
Campus, Aurora, Colorado; and "Department of Integrative Physiology, University of Colorado Boulder, Boulder,
Colerade

80 patients avec hyperuricémie
assymptomatique (env 500 pumol/L) et IRC
Randomisés allopurinol (300 mg/j)

durant 12 semaines ou placebo

Table 2. Change from baseline according to treatment
group

Variable F;f'f__jf A";F__“;’;;'“' P Value
Serum urate, mg/dl 0.05x1.54 —3.24+1.35 =(.001
BA-FMD, % A 0.2x4.1 0.9+3.9 0.47
NMD, % A -1.35.23 0.9x6. 0.14
Systolic BP, mmHg -1.63+15.51 =1.70+£17.52 0.85
Ciastolic BP, mmHg -0.97x11.8 0.97=108 0.51
CRP, mg/L 0.70%3.4 0.42+9.5 0.78
IL-6, pg/ml 0.15x3.1 0.372.7 0.75
MCP-1, pg/ml -4.7+45.8 3.6x£36.7 0.47
Ox-LDL, U/L -0.08+11.8 —-297+16.4 0.19

Value are expressed as absolute change from baseline=5D. BA-FMD %4, %
change in BA-FMD; NMD % 4, % change in NMD.

Pas d’effet sur fonction endothéliale, parameétres inflammatoires, PA.
Tendance a amélioration chez non-diabétiques (non statist. significative mais trop petit collectif)

JASN 2017
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Acide urique et HTN: études interventionnelles

Effect of Uric Acid Lowering on Renin-Angiotensin-System
Activation and Ambulatory BP: A Randomized
Controlled Trial

Craran |, MoMullan,** Lea Borgi,*" Naomi Fisher,® Gary Curhan,*" and John Forman®™

Design, setting, participants, & measurements In a double-blind placebo-controlled trial conducted from 2011 to
2015, werandomly assigned 149 overweight or obese ad ults with serum uric acid =5.0 mg/ dlto uricacid lowering
with either probenecid or allopurinol, or to placebo. The primary endpoints were kidney-specific and systemic
RAS activity. Secondary endpoints included mean 24-hour systolic BP, mean awake and asleep BP, and nocturnal
dipping.

549 Assessed for Eligibility
BMI = 25kg/m?
Uric Acid 2 5.0 mg/dL

400 Excluded

283 Did not meet inclusion criteria

35 Declined to participate

82 Did not participate for other reasons

149 Randomized

r
47 Alocated to Probenecid 49 Allocated to Allopurinal 53 Allocated to Placebo
46 Recelved intervention o N o )
1 Did net recelve allocated 48 Received intervention 51 Received intervention
. 7 4 i i
' Intervention (subject did not ) 1Did no} recewle allocated 2Did not receive allocated
I I u y u X u ! comply with viit intervention (subject was intervention (participants
procedures) discovered to be taking an were discovered to be
exclusionary medication) taking exclusionary
medications)
\, J \. / \
4 3 4 ™ s
0 Lost to follow-up 1 Lost ta follow-up 3 Lost to follow-up
6 Discontinued (2 12 Discontinued (4 3 Discontinued (1 subject
participants developed rash, participants nat compliant developed rash, 1 started an
1 was not compliant with with study procedures, 1 exclusionary medication, 1
treatment, 3 experienced developed rash, 1 became developed other health
other adverse events) pregnant, 6 experienced conditions and withdrew)
other adverse events)
| S — |
I 40 Completed study I I 35 Completed study I I 45 completed study I

Genéve
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Acide urique et HTN: études interventionnelles

Effect of Uric Acid Lowering on Renin-Angiotensin-System
Activation and Ambulatory BP: A Randomized
Controlled Trial

Table 1. Baseline characteristics of all randomized participants
Characteristic Probenecid (n=47) Allopurinol (n=49) Placebo (n1=53)
Mean age (SD), yr 37(14) 43(13) 41(14)
Men, n (%) 24 (51.1) 25 (51.0) 25 (47.2)
White, n (%) 27 (57.5) 32 (65.3) 33 (62.3)
Clinical measures
Mean serum uric acid (SD), mg/dl 6.1(1.1) 6.1 (0.9) 6.1 (0.8) ¢
Mean body mass index (SD), kg/ m* 33.4(6.6) 35.7(6.3) 33(5.9) €
Mean eGFR® (SD), ml/min per 1.73 m* 102 (18) 99 (17) 102 (18)
Mean serum creatinine (5D), mg /dl 0.9(0.2) 0.9 (0.1) 0.9 (0.1)
Mean serum ALT (SD), IU/L 20.7 (9.5) 18.5 (8.0 19.0 (7.8)
Mean serum AST (SD), IU/L 18.9 (5.5) 17.8 (6.0) 16.8 (3.4)
Mean systolic BP (5D), mmHg 119 (11) 119 (12) 119 (10) ——
Mean diastolic BP (SD), mmHg 77(7) 78 (8) 78 (7)
ALT, Alanine Transaminase; AST, Aspartate Transaminase.
“eGFR calculated using the Chronic Kidney Disease Epidemiology Collaboration equation.

CJASN in press w ohesnares

Genéve



Acide urique et HTN: études interventionnelles

Effect of Uric Acid Lowering on Renin-Angiotensin-System
Activation and Ambulatory BP: A Randomized
Controlled Trial

Ciaran |. MoMullan, *" Lea Borgi,*" Naomi Fisher, Gary Curhan,*" and John Forman®

Resultats:

-Baisse marquée acide urique avec allopurinol et probénécide
-pas d’effet sur systeme RAA

-pas de baisse significative PA Syst sur 24h avec allopurinol

ou probenecide

Conclusions In contrast to animal experiments and observational studies, this randomized, placebo-controlled

trial found that uric acid lowering had no effect on kidney-specific or systemic RAS activity after 8 weeks or on

mean systolic BP. These data donot support the hypothesis that higher levels of uric acid are a reversible risk factor

for increased BP,

CJASN in press w ohesnares
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Traitements hypouricémiants : effets secondaires

Table 2
Potential adverse effects with commonly used urate-lowering therapies

Drug Important side effects

Contraindications

Allopurinol Rash

Abnormal liver function tests
llopurinol hypersensitivity syndrome/DRESS
Abnormal liver To
Hypersensitivity
Probenecid Urolithiasis
Blood dyscrasias

Febuxostat

Hypersensitivity to allopurinol

HLA-B*5801 carrier

Azathioprine use

Use with caution in heart failure and ischaemic heart disease
Azathioprine use

Urolithiasis

Stamp et al. Seminars Arthitis Rheum 2017
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Traitements hypouricémiants : effets secondaires

drug interactions

Dosing

Important

side-effects

Monitoring

Specal

considerations

Anti-inflammatony
prophylaxiswhen
commencing dneg

G-mercapbopurine
concentrations, resulting in
myelesuppressicn; warfarin
(Fncreased anticoagulant
effects); diuretics {possible
increased risk of allopurinol
hypersensitivity syndrome)

S0-900 mg daily fmaimum
of 800 mg approved by US
FDA). which should be titrated
to achieve target serum urate®
Gout flareswhen initiating
treatment, rash. allopuring!
hypersensitivity syndrome
Serum urate. renal and ver
function

Dose escalation abowe renal
based doses and abowe

300 mg daily to achieve target
serum urate can be done with
appropriate monitoring of
renal and liver function and
education about rash

Yes

B-mercapbopurine
concentrations. resulting in
myelosuppression

40-120 mg daily (maximum of
£ mg approved by US FOAL
which showld be titrated ko
achieve target seruvm urate
Gout flareswhen initiating
treatment. abnormal ler
function tests

Serum urate. renal and lver
function

Hypersensativity might occur
rarely in patientswith prior
allopurinol hypersensitivity

increase methobrexate’s
towcic effects

500-1000 mg twice aday

Gaout flares when initiating
treatrment, kidney uric acd
stones

Serum urate renal
function

Advise about high fluid
intake and consider urine
alkalinisation to reduce risk
of kidney stones

effects); sulphomylureas—
checkblood glucase

Phenytoin

Fluconazole—avoid combination
Rifampicin—avoid combination

50-200 rmg daily

Gowt flareswhen initiating
treatment. hepatoteic effects.
kidmey uric acid stones

Serum urate, liver function

Advize about high fluid intake and
consider urine alkalinisation to

reduce risk of kidney stones

ﬂnup_ wrirol Febuxostat Probenecid Benzbromarons Pegloticase
Mechanism of action - Xanthine midase inhibitor: Hanthine oxidase inhibitor. Increases renal urate Increases renal vrate sccretion Recombinant uricase: breaks
prevents urate production prevents urate production excretion down urate towater saleble
=llantoin
Metabolism and Metabolised by aldehyde Hepatic conjurgation by Creidation of alkyl side Hepatic metabolism by CYP2C9 Renal excretion
excretion mxidase to cxypurinol. which s wridine diphosphate- chains and glwouronide and CYPLAZ; mainly excreted im
excreted predominantly by the  glucuronosyltransferase erzymed  conjugation; excreted via bile and faeces. 6% excreted via
kidneys and oxidation toactive kidneys kidmeys
metabolites by CYP1AZ. CYP2CE,
and CYP209; excreted via the
kidneys
Contrindications Hypersensitivity to alopurined  Usewith cawtson in heart failure Blood dyscrasias. uticacid  Liver disease. porphyria; usewith  Glucose-6-phosphate
and ischaemic heart disease kidney stomes caution in patientswith excess dehydsogenase deficiency {risk
alcohol intzke and histony of of haemobysis and
kidney stanes methaemoglobinaemia);
repeated infusion
™ contraindicated if serim wrate
response is lost
Clinically imporiant  Azathioprine increases. Azathioprine increases Aspirin: methotresate (can Warfarin {increased anticoagulant  Other wrate-lowering therapies

can mask lack of response to
pegloticase and thereby increase
risk of infusion reaction: other
PEGylated drugs

& mg intravenous infusion eveny
Zwesks

Gout flares when initiating
treatment, infusion reactions.
immunogenic effects

Serum wrate [loss of serum vrate
response precades infusion
reactions)

Should not be used with other
urate- lowering therapies

Yes

C¥P=cytochrome P450. PEG=polvethylens giycol. FOA=Food and Drog Administration. * Starting dose based on estimated glomerular filtraticn rate (eGFR): <30 mLfmin per 173 mi—15 mgi'mil eGFR;
30-60 mil/min per 1.73 m*—50 mg daily; > 50 ml/min per 1.73 m— 100 mg daity. Dose escalation monthily wntil tanget serum wrate is achieved. Increase inincrements of 100 mg monthly if estimated glomerular
filtration rate> 50 ml/min per1-73 m‘ and 50 mg maonthly i <60 milfmin per 173 me

Table 3: Prescribing and monitoring of vrate-lowering drugs

Dalbeth et al. Lancet 2015
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Traitements hypouricémiants : effets secondaires

Allopurinol Febuxostat Probenecd Benzbromarons Pegloticase
Mechanismof action  Xanthine oxidase inhibitor: Manthine adidase inhilitor. Encreases renal urate Increases renal vrate eccretion Recombinant uricase: breaks
prevents urate production prevents urate production excretion down vrate towates-soluble
allantoin
Metabolism and Metabalizad by aldehyds Hepatic: conjugation by Creidation of alkyl side Hepatic metabolism by CYP2C9 Renal excretion
excretion mtidase to meoypurinol, which is  wridine diphosphate- chains and glucuronide and CYPLAZ; mainly excreted in
excreted predominantly by the  glucuronosyltransferase ermymes conjugation; excreted via bie and fasces. 6% excreted via
kidneys and oxidation to active kidneys kidmeys
miztabolites by CYPLAZ. OYP2CE.
and CYP2CD; excreted via the
kidneys
T T it umcacd  Liver disease porphyria; use with  Glucose-6-phosphate
. . p . caution in patientswith excess dehydrogenase deficiency (risk
Dasing §0-900 mg daily (maximum  40-120 mag daily (maximum of itk ki G i Rt
kidlmey sta thaemoglobinaemia);
of 800 mg approved by Us 80 mg approved by US FDA], - izt o
FOA), which should be titrated  which should be titrated to b
tﬂ-ﬁ:l'l'ﬂ.l'-l!ta.lg-EtSEmm um‘te‘ EI:|'I'H!.I'-E13.I§E'[5EH.II'I'I Uﬁ.t‘E jexate (cam Warfarin {increased anticoagulant  Other urate-lowering therapies
peate’s effects); sulphomylureas— can mask lack of response to
I g e checkhlood glwcose pegloticase and thereby increase
Important Gowt flareswhen initiating Gout flareswhen initiating Phenytoin ok i et oty
. . 9 Fi ole—avoid binati PEGylated drugs
side-effects treatment, rash, allopurinel ~ treatment, abnormal lfver bt vedd corbinabion
hypersensitivity syndrome function tests
- . hice aday  50-200 mag daily &'mg intravenous infusion every
Monitoring Serum wrate, renal and liver Serum urate, renal and liver < Tweeks
function function
pinitiating  Gowt Hareswhen initiating Gout flares when initiating
by uricackd  treatment. hepatotoxic effecks treabment. infusion reactions.
- . e . . kidmey uric acid stones immunogenic effects
Special Dose escalation above renal Hypersenstivity might ocour o R R e e
considerations based doses and above rarely in patientswith prior g
300 “'gdml}rb:. aj1|weta|'get a]lc.:pu[innl h}l'FE‘ISEI'IEiﬁ'UIth h fluid Advise about high fluid intske and  Should not be used with othes
; Her urine consider wrine alkalinisation to wrate- lowering therapies
serum urate can be done with ( L echoca risk: - radisce risk of kidsiey stones
appropriate monitoring of
renal and liver function and
education about rash b i)
Anti-inflammatory  Yes Yes
. [ed glomerular Altration rate (eGAR): <30 mLimin per 173 m—1-5 mgimil eGFR;
pmpl'l]l'hIISHhEI'I borum urate is achieved. Increase in increments of 100 mg monthly if estimated glomerular
commencing drug

Dalbeth et al. Lancet 2015
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Allopurinol et syndrome de Lyell

Aspect précoce de nécrolyse épidermique. Bulles 3 toit nécrotique
(couleur ardnisée).

Roujeau et al. Rev Prat 2007

Débuter 'allopurinol a 1.5 mg/mIGFR réduit le risque d’hypersensibilité a I'allopurinol

Stamp et al. Arthitis Rheum 2012 I-w ohesnares
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Traitements hypouricémiants : effets secondaires

Risk of Febuxostat-Associated Myopathy in Patients
with CKD

Chung-te Lin*" Chun-You Chen,™ Chien-¥i Hsu, ™Y Po-Hsun Huang, ¥ ** Feng-Yen Lin,"" Jaw-Wen Chen Y= 4nd
Shing-long Lin™ w45

Table 1. Demographic characteristics and fime-averaged laboratory data of febuxostat users with or without myopathy
Characteristics Total Nonmyopathy Myopathy P Value
Mo 1332 1291 41 —
Age, yr (mean = 5D) 71.5x148 71.5*14 .8 715+154 (.99
L1 (%) 925 (p9.4) a4 (69.3) 31 (75.6) 0.38
CKD, n (M) 1222 {01.7) 1181 (91.5) 41 (104) 0.04%
ESRD, # (1) W (7.4) 92 (7.1) 707.0) 0.03°
DML # (%6} 626 (47.0) Rk (46.8) 22 (53.7) 0.39
CAD, n (%) 645 (48.4) 626 (48.5) 19 {46.3) .79
Hypertension, n (%) 1208 (H.7) 11568 {H).5) 40 [97.6) 017
Statin or fibrate use, 1 (%) 685 (51.4) [ W= 0.35
Serum creatinine,” mg /dl 1.7 (14, 2.5) 7 (1.4, 2.5) o.M (
eGFR.® ml/ min per 1.73 m® 0.8 (9.0, 35.4) 213098 o . <001
Serum uricacid, me /dl {mean = S0 gz2+21 I | 85+2.1 .33
T. chol, mg/dl (mean = S0} 17242447 172044 4 179.3+50.5 0.45
Duration” d 224 (B, 442) 223 (B4, 440 303 (166, 515) 0.03
Daily dose (DDD) (mean *+ 50 B>{6 0.820.6 0E*03 0.50
CK tests® a0, 1) 0(0,0) e, s <2 (b.(N}]
Creafinine tests” 63,49 539 117, 14) < {001
e(:FR was caloulated by the equation proposed by the Chronic Kidney Dt sease Epidemiclogy Collaboration in 2000, — notapplicable;
DM, diabetes mellitus; CA D, coronary artery disease; T. chol, serum tots lcholesterol; DDD, defined daily dose suggested by the Waorld
Health Organization Collaborating Center for Drug Statistics Methodology.
“Hignificance tested by Fisher exact test.
hExpm-saed as median (Z5th, 75th percentiles].

CJASN (in press) w oemtares
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En conclusion : faut-il traiter I’hyperuricémie assymptomatique ?

e Recommandations de bonne pratique:
Patients avec hyperuricémie assymptomatique sans IRC:
Non

Patients avec hyperuricémie assymptomatique avec IRC:

Peut-étre mais:

-débuter avec petites doses , augmentation tres progressive doses
ou maintien a 100 mg/jour ?

-éducation du patient

-monitoring régulier enzymes hépatiques, fonction rénale



Et n‘oublions pas le régime...

Clin Rhemmam @“ "
T 101007 10067017 3613 -

DASH diet and change in serum uric acid over time

Otive Tang"™ « Edgar B. Miller 111"« Allan €. Gelber'™" + Hyon K. Choi*-
Lawrence J. Appel**- - Stephen P. Juraschek'--
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Fig. 1 Effect of DASH diet on uric acid. a Mean serum uric acid levels at intervals. The P value reflects linear regression of differences (control
baseline, 30, 60, and 90 days according to assignment to the DASH diet minus DASH) over visit at baseline, 30, 60, or 90 days modeled as a
(red) or control diet (biack). b Differences in mean serum uric acid levels categorical variable (Colar figure online)

at baseline, 30, 60, and 90 days. Vertical lines represent 95% confidence

Baisse moyenne de 30 umol/L de l'uricémie aprés un mois!
Et de 48 umol/L a un mois et de 60 umol/L a 3 mois chez patients avec uricémie de base > 360
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