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Uricémie et fructose
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BM) Open Fructose intake and risk of gout and

hyperuricemia: a Systematic I'eview Joseph Jamnik," Sara Rehman,’? Sonia Blanco Mejia,'? Russell J de Souza,??
2016

Tauseef A Khan,"? Lawrence A Leiter,#*°€ Thomas M S Wolever, 2456

and meta-analysis of prospective Cyril W C Kendall, 7 David J A Jenkins,"245€ John L Sievenpiper' 254
cohort studies
Study, year |Reference] Participants Cases Weight Risk Ratio [95% CI| Risk ratio
195% CIJ
Choi et al, 2008 — Males [38] 46,393 775 50.6% 1.81[1.31, 2.50] il —
Choi et al, 2010 — Females [39] 78,906 778 49.4% 1.44 [1.04, 2.00] ——
Total 100%  1.62[1.28,203] , o ,
02 05 2 5

Heterogeneity: Tau® = 0.00; Chi* = 0.95; df = 1 (p=0.33); I = 0%
Overall association: Z=4.10 (p < 0.0001) Protective Association  Adverse Association




Evaluation of the diet wide contribution to serum urate levels:

meta-analysis of population based cohorts
Tanya ) Major,* Ruth K Topless, Nicola Dalbeth,” Tony R Merriman'

Dairy products Beverages Alcohol
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Grains

Beer

Liquor

Wine

Citrus juice
Non-citrus juice
Coffee

Tea

Diet soft drink
Soft drink
Butter

Cheese
Cream™*

lce cream
Flavoured milk**
Skimmed milk
Whole milk
Yoghurt

Cake or pie
Candy*
Chocolate
Muffins or cornbread
Fish

Shelifish

Citrus fruit
Non-citrus fruit
Apple or pear**
Banana™™®
Melon™*
Peach*

Brown bread
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Cold cereal

Cooked cereal*
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Vegetables Meat

Other food
items

Pasta
Rice* |
Legumes q

Nuts**
Peanuts®
Bacon™

Beef, pork, orlamb _

Hamburger** -
Hotdog** |
Organ meats
Sausage or lunch meat* W
Poultry
Cabbage or cauliflower®
Broccoli*
Carrots™
Corn**
Lettuce®*
Peas**

Potato #

Spinach [l
String beans**
Tomato -!
Winter squash !
Creamer** B
Margarine
Mayonnaise or dressing®
Eggs
Chips orpopcorn B

Condiments*
Table sugar®

i |

M Serum urate-raising effect

Serum urate-lowering effect

= = Bonferroni corrected

multiple-testing significance
threshold (P, <7.94x107)

(P= <0.03)
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Evaluation of the diet wide contribution to serum urate levels:
meta-analysis of population based cohorts

Tanya ) Major,* Ruth K Topless, Nicola Dalbeth,” Tony R Merriman'

BMJ 2017

Table 1 | Diet wide significant associations with serum urate levels (umol/L) in full, male, and female study cohorts

Full cohort Male cohort Female cohort

Food items No B (95% CI)t 5 R* ()4 BS No  PB(95%cCl) P, R*(%) No PB(95%CI) B R (%)
Associated with higher urate levels

Beer 16724 138(1.02t0174)1  <0.00M 0.99 § 391 8392 1.33(093t0174)1 <0.001 131 8332 178(1.22t02.34) <0.001 0.49
Liquor 16743 138 (079t0198)] <0.00f 0.40 | 246 8403 1.16(0.46t0186)] 0001 041 B340 1.84(1.21t0 2.48) <0001 0.44
Wine 16743 1.07 (034101.80)1 0.004 017 | NA 8402 1.30(0.64 10 1.96) <0.001 0.16 8341 0.89(-0.17101.94)f 010 0.20
Potato 16754 0.87 (04210 1.32) <000 0.11 § NA 8411 0.90 (0.25t0 1.56) 0.007 009 8343 0.77 (0.15 to 1.40) 002 0.09
Poultry 16740 0.70(0.29t0 1.10) <0.00q 0.08 | NA 8403 0.94(0.33t0 1.56) 0.003 010 8337 050(-0021t01.02) 006 0.05

0.89;
Soft drink 16745 0.68 (0.34101.02)1 <0.00MW 030 || 0.58 8404 0.79 (0.53 to 1.04) <0.001 0.39 8341 055(0.09t01.01)] 002 0.16
0.56

E‘Ts; pork.of 757 0.63 (0.32 10 0.95) <o.oo1| 0.08 é'ii‘ 8412 072(0.28101.16) 0001 0.12 8345 047 (0.02100.92) 004 0.04
Associated with lower urate levels |

Egos 16736 -1.10 (-1.54 to -0.66) <0.00 0.13 § NA 8403 -1.45(-2.031t0-0.86) <0.001 0.27 8333 -0.45(-1.74t0084)7 049 0.01
Peanuts* 12504 -0.88 (-1.25t0-0.51) <0.00 0.18 | NA 6277 -1.01(-1.51t0-0.52) <0.001 024 6227 -0.65(-1.23t0-0.07) 0.03  0.07
Cold cereal 16751 —0.72 (-0.97 to -0.47) <0.00 0.14 | NA 8409 -0.73(-1.07 to-0.38) <0.001 0.19 8342 —-0.67 (-1.0410-0.30) <0.001 0.08
Skim milk 16714 -063 (-07810-0.48) <0.00 0.40 | 063 8390 —0.78(-1.0010-0.56) <0.001 055 8324 —0.48(-0.6810-0.28) <0.001 0.24
Cheese 16755 —0.62 (-0.89t0-0.35) <0.00 0.09 | NA 8410 -0.64(-1.05t0-0.23) 0.002 0.10 8345 -0.64(-0.9910-0.29) <0.001 0.09
Brownbread 16710 —0.60 (-0.77 to -0.42) 4o.oo1| 022 I NA 8382 [‘D‘%gaﬁi‘ﬁ'% <0.001 034 8328 —0.45(-0.7110-0.20) <0.001 0.11
Margarine 16716 -0.29 (-0.44t0-0.15) <0.00f 0.10 | NA 8383 -0.25(-0.69t00.18)1 0.26 0.10 8333 -0.34(-0.53t0-0.14) <0.001 0.11
Non-citrus fruit 16760 —0.28 (-0.43 t0 -0.13) <0.001 0.06 [ NA 8414 -0.43(-0.6610-0.19) <0.001 0.14 8346 -0.14(-0.33100.04) 0.13 0.01

NA=not applicable.

*Not all datasets were included in the analysis. The number of a

TEffect size, reflecting the change in serum urate level (pmol/L) per weekly serve.
tPartial R?value (R”.) converted to a percentage (R*<100) that quantitates the percent variance in serum urate levels explained by the food item.
&Values from significantly associated analyses from published data in combined men and women: beer and liquor were obtained from reference 21; soft drink data from references 18, 51, and

52; meat (beef, pork, or lamb) data from references 19 and 52; skim milk data from reference 52. References 18, 19, and 21 analysed NHANES |II and therefore are not independent of our study.
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sLl!lﬂresents the number of datasets missing.

Facteurs alimentaires expliquent entre 0.06 a 0.99% l'uricémie

Les 14 aliments expliquent 3.3% et les 63 aliments évalués 4.3 %



EPIDEMIOLOGICAL SCIENCE

Changes in alcohol intake and serum urate changes: Fukui 2024 Ann Rheum Dis
longitudinal analyses of annual medical
examination database

Changes in
serum urate (mg/dL)

cteemond Small impact on SUL with
Aeeerc alcohol withdraw

{15,138 visits) —

|
Decrease by =3 drinks (4,301 visits) — [ -0.105 [-0.127, -0.083]
(1,183 visits) — e [ -0.182 [-0.234, -0.130]
[
Decrease by 2-3 drinks (4,655 visits) — e [ -0.051 [-0.070, -0.031]
(1,168 visits) I " i | -0.096 [-0.143, -0.048]
|
Dacrease by 1-2 drinks (14,401 visits) - = -0.029 [-0.041, -0.018]
(3,150 visits) t . T -0.050 [-0.081, -0.018]
|
Decrease by <1 drink {52,583 visits) e B -0.018 [-0.024, -0.012]
(7,685 visits) - ——— |
|
Mo change (157 645 visits) 1 Reference
1
|
|

Increase by <1 drink {51,730 visits) — —— Al participants (g 0.021[ 0.014, 0.027]
(7.210visits) - |, Seriim Urste 57 mg/dL —r— -0.001 [0.024, 0.021] (_ 1 8 m / I. / U )
| . g
Increase by 1-2 drinks {13,846 visits) — | 0.037 [ 0.026, 0.048)
(2,849 visits) et 0.018 [-0.013, 0.049]
Increase by 2-3 drinks (4,313 visits) — : R 0.041 [ 0.022, 0.080]
(1,050 visits) 1 0.041[-0.007, 0.08g]
Incraase by =3 drinks (3,612 visits) : i 0.059 [ 0.038, 0.080]
{922 visits) — — e 0.022 [-0.029, 0.073]
|
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Effects of Dietary Patterns on Serum Urate: Results From a
Randomized Trial of the Effects of Diet on Hypertension

Stephen P. Juraschek,' *2' Chio Yokose,* '~ Natalie McCormick,> > Edgar R. Miller IIl,> Lawrence ). Appel,?
and Hyon K. Choi®

Table 1. Baseline characteristics of the participants according to dietary assignment*

DASH

Control Fv (combination)

(n=107) (n=110) (n=110)
Age years 451+ 11.7 463 £109 448 £10.5
Female, % 43.0 445 52.7
African American, % 49.5 48.2 536
Body mass index =30 kg/m?, % 364 364 364
Body mass index, kg/m* 280+39 279+4.0 283+39
Hypertension, % 271 273 245
Systolic BR, mm Hg 1307 +£10.8 1315+ 1.3 130.9+10.3
Diastolic BP, mm Hg 85.0x45 84349 84344
LDL cholesteral, mg/dIt 121.8+30.8 1275+ 30.6 1171+£333

DASH = Dietary Approches to Stop Hypertension

Arthritis Rheumatol 2021

FV : fruits and vegetables

DASH: fat-free or low-fat dairy products
Restrict saturated fat, total fat,
cholesterol, sweets, and sugar-
containing beverage consumption



Weight Loss for Patients With Gout and Concomitant
Obesity: A Proof-of-Concept Randomized Trial Arthritis Rheumatol 2024

Robin Christensen,' () Kristian Zobbe,? {2 Sabrina M. Nielsen," Lisa K. Stamp,* () Marius Henriksen,?
Anders F. Qvergaard,” Lene Dreyer,* Filip K. Knop,® Jasvinder A. Singh,® (> Michael Doherty,” Pascal Richette,®
Arne Astrup,”® Karen Ellegaard,? () Else M. Bartels,'® Mikael Boesen,? Henrik Gudbergsen,? Henning Bliddal,?
and Lars Erik Kristensen?

A O CTRL(n=32) .
e @ RC:800-1200 keal/d (n=29) :
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—> Small impact on SUL with weight loss (- 4 mg/L/10 kg)



EXTENDED REPORT

Impact of bariatric surgery on serum urate targets
in people with morbid obesity and diabetes:
a prospective longitudinal study

Nicola Dalbeth, "2 Peggy Chen," Marie White,? Gregory D Gamble,2
Caran Barratt-Boyes,” Peter | Gow," Brandon Qrr-Walker®

2013 Ann Rheum Dis

N=60, BMI 47.9 kg/m2

Weight loss over 12 months : -34,3 kg
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Month

Mixed modal ANOVA p=0.0001
Dunnetts post test *p<005, *p<0.01, “*p=0.001i-

-3.9 mg/L/10 kg

Weight Loss, Xanthine Oxidase, and Serum Urate

Levels: A Prospective Longitudinal Study of Obese
Patients

PASCAL RICHETTE,! CHRISTINE POITOU,? PHILIPPE MANIVET,® JEROME DENIS,?

JEAN-LUC BOUILLOT,* KARINE CLEMENT,? JEAN-MICHEL OPPERT,? anp THOMAS BARDIN'

Arthritis Ther Res 2016

N=156, BMI 47.8 kg/m2

Weight (Kg)  131.8+23.8  100.5 +19.9 31.3+7.8

SUL (mg/L) 55.2 +13.3 49.8 +12.1 5.4 +10.6 0.001

XO activity 42.5+12.3 348%+7.0 74+12.1 <0.001
-1.7 mg/L/10 kg

9 Small impact on SUL with weight loss



Effects of Dietary Patterns on Serum Urate: Results From a
Randomized Trial of the Effects of Diet on Hypertension

Stephen P. Juraschek,' *2' Chio Yokose,* '~ Natalie McCormick,> > Edgar R. Miller IIl,> Lawrence ). Appel,?
and Hyon K. Choi®

Arthritis Rheumatol 2021 DASH Diet and Change in Serum Uric Acid over Time

Olive Tang, AB', Edgar R Miller lll, MD, PhD'-2, Allan C Gelber, MD, PhD'-Z, Hyon K Choi,
MD, DrPH?, Lawrence J Appel, MD, MPH'-2, and Stephen P Juraschek, MD, PhD'-2

Table 2. Serum urate levels in participants assigned to each diet®

Baseline, 8 weeks, Difference Clin Rheumatol 2017
Diet mg/d| mg/dl (95% Cl) =
Cantrol (n=107) 565+156 568+ 155 0.03(-0.10,0.18) 0.67 ﬁ Q.
FV(n=110) 5.85+1.27 568+ 1.27 -0.17 (-0.28, -0.06) 0.004 E
DASH (n=110) 559+ 155 537142 —-0.22 (-0.35, -0.08) 0.002 'g
* Except where indicated otherwise, values are the mean + SD. 95% Cl = 95% confidence e B T [ P
interval (see Table 1 for other definitions). 5 p 3
| =}
£ ol
% s+ T "
2 i
g = f=] o]
g <
=
g
1 L
DASH diet decreases SUL (-2.2 mg/L) after 1 month 2 ¥ 1
0 30 60 90

Trial Duration (days)



Evaluation of the diet wide contribution to serum urate levels:
meta-analysis of population based cohorts

Tanya ) Major,* Ruth K Topless, Nicola Dalbeth,” Tony R Merriman'

BMJ 2017

Table 2 | Percent variance in serum urate levels (umol/L) explained by dietary and genetic factors in full, male, and female study cohorts

Diet, genetic score, Full cohort Male cohort Female cohort
and additional 7 5 =
adjuster No B (95% CI)* P, R? (%)t No B (95% Cl) By R (%) No P (95%Cl) P, R% (%)
Genetic effect
Genetic risk score
: 0.992 0.93 = 1.04
Unadjusted 12162 (0.9310 1.05) <0.001 7.85 6109 (0.8410 1.03) <0.001 5.89 6053 (0.97 0 1.12) <0.001 10.55
" 0.92 0.93 1.04
fil 2
Healthy Eating 12162 (0.93201.{)5] <0.001 7.82 6109 {0.84 to 1_03} <0.001 5.87 6053 (0.96 01.12) <0.001 10.51
0.99 0.94 _ 1.04
e . : 4 ; ! :
DASH 12147 (0.9310 1.05) <0.001 7.85 6106 (0.8410 1.03) <0.001 5.91 6041 (0.96 10 1.12) <0.001 10.55
: 0.99 ; : 0.94 1.04
Mediterranean 12131 (0.93 to 1.05) <0.001 7.86 6092 (0.84 1o 1.03) <0.001 5.93 6039 (0.97 t0 1.12) <0.001 10.53
= 0.99 ; 0.94 ; 1.04
Data driven 12078 (0.93 10 1.05) <0.001 7.8 6063 (0.84 10 1.03) <0,001 5.89 6015 (0.97 to 1.12) <0.001 10.53
Heritability estimate
. 23.9 : 23.8 ; 40.3
7, . |
Unadjusted 12162 NA <0.001 (20.2 to 27.5) 6109 NA <0.001 (16.6 0 30.0) 6053 NA <0.001 (33.5 10 47.1)

R FARIEC 110 ...

e T

o

FEE P B SE e R A T R

SecHie e SR L RE S E RS

L'héritabilité explique 23.8 (hommes) a 40.3% (femmes)

de la variance de l'uricémie



Heritability of Clinical Chemistries in an
Older Twin Cohort: The NHLBI Twin Study

Genetic Epi 1987
Sona Kalousdian, Richard Fabsitz, Richard Havlik, Joe Christian, and
Ray Rosenman
TABLE 1V. Comparisions of Heritabiility Estimates From Three Studies
NHLBI
Test Brazil Australia Exam 1 Exam 2
Albumin 0.773 0.73 — 0.36
Alkaline phosphatase 0.813 0.712 — 0.59
Bilirubin 0.787 0.71 0.48 NS
Blood urea nitrogen 0.546 NS 0.56 0.48
Glucose 0.734 — 0.88 0.52
Phosphorus 0.588 0.54 — 0.54
Total protein 0.733 0.62 — 0.53
Uric acid 0.680 0.73 0.52 0.45
NS, clinical chemistry was analyzed, but result was not significantly different from zero; —, clinical

chemistry was not tested or analysis was not done because of significantly differeni means or common

environment by zygosity.
“Estimate is for males aged 19-34 years and does not include female twins (in contrast to the other

Australian results).

Héritabilité de I'uricémie expliquée par les SNP communs : 27-41% (Kottgen 2013 Nat Genet).



Uricémie: une régulation multigénique

Etudes
d’association
pangénomique
(GWAS)

> 80 genes
associés au taux
sérigue de
I"'urate (AU)

Transporteurs de
I'urate

(rein>>>intestin)

GWAS country or region (participants (n))
African populations

USA (1,017

USA (5,820)*

Asian populations

Japan (8,868)™

Japan, Singapore, Korea, Taiwan and China (21,417)*

Korea (3,647)
China (3451)°
India (1,100)""

Asian and European populations

Australia, Europe, UK USA Japan, Singapore, Korea,
Taiwan and China (110,238 and 21,268)*

European populations

IS4 and Europe (11,847

Europe (1,644)"

Croatia(1,300)™

Europe, UK and USA(28,141)'7

LIK {3,953)"

Australia, Europe, UK and USA {110,347)"
Europe [4,305)"

LSA (g59)1

LISA (8668)"™

Australia, UK and Europe (11,6837
UK (2.077)™

UK and Europe (7.824)**

UK and Europe (2,820

Iceland (15.506)

UK and Europe (794)7

UK (1,955)4

UUSA and Europe (28,283}
Croatia (898

Other ethnicities

Kosrae (1,861

Hispanic American (768!
Mexican American (632)""
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SLC2A9
(GLUT9):
Presque toutes
les populations

SLC22A12 (URAT1)
ABCG2 (ATP
binding cassette
subfamily G
member 2) :
Nombreuses
populations

Major T 2018 Nat Rev Rheum



Uricémie: régulation rénale

" SLC22A7
\; B —— SLC22A6/8
Q e . i Sl R ;:':-‘i m m
SLC22A11/13_ —| C17A1/3
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SLC22A12
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OAT4/10

SLC2A9

Apical F‘ - Basolateral

Halperin Kuhns 2021 BPRCR



Uricémie: régulation rénale

Basolateral

Halperin Kuhns 2021 BPRCR



Early-onset gout and rare deficient variants of the lactate
dehydrogenase D gene Rheumatology 2023

Thomas Bardin @ "%*, Yves-Marie Ducrot ® 3, Quang Nguyen?, Emmanuel Letavernier?,
Jeremy Zaworski*, Hang-Korng Ea’, Fréderic Touzain®, Minh Duc Do @ ©, Julien Colot’,
Yann Barguil’, Antoine Biron’, Matthieu Resche-Rigon?®, Pascal Richette’, Corinne Collet’

4/ +/-
__O

[ 1 2

0D ED 6w

lI-6 : goutte a 9 ans. Polyarticulaires, inflammation chroniques,
tophi, destruction articulaire. Uricémie 581 umol/L, DFG 112

ml/min/1,73m2

Mutations non fonctionnelles de LDH-D

lI-5: cas index, femme goutte a 21 ans.
Polyarticulaire, tophus et arthropathies.
Uricémie 545 pmol/L, DFG 69 ml/min/1,73m?2



JCI The Journal of Clinical Investigation 2020 | . ? s ‘
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Hyperuricemia and gout caused by missense "l T | "l "
mutation in d-lactate dehydrogenase g by gy wom ey b w3 oaom
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Accumulation de D-lactate favorise la réabsorption de I'acide urique via URAT],
responsable de I’hyperuricémie et de la goutte



ABCG2 et goutte

Excrete les médicaments des cellules

Excrete I'urate des cellules tubulaire
rénales et des entérocytes

Expligue un certain nombre de gouttes
juvéniles

Au japon, les variants conduisant a une
diminution d’activité d’/ABCG2, favorisent
la goutte par diminution de I'excrétion
rénale et intestinale d’urate

Intestinal urate excretion

blood urine

Renal urate excretion

Matsuo 2014 Sci Report



Variants du gene ABCG2

Q126X = variant non fonctionnel

Q141K = variant avec perte de 54% de la fonction
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Variants ABCG2 et goutte

Table 1| ABCG2 functions of participants

Genotype Combination

Number (%)

Estimated Function Q126X* (rs72552713) Q141K* (rs2231142) Gout Control

=1/4 function T c/C 37 (5.2) 22 (12)
T/C C/A

1/2 function T/C C/C 169 (24.0) 219 (11.6)
c/C A/A

34 function c/C C/A 331 (47.0) 699 (37.0)

Full function C/C c/C 168 (23.8) 947 (50.2)

Total 705 (100.0) 1,887 (100.0)

“Risk alleles (T for Q126X, A for Q14 1K) are indicated in bold type at four locations, respectively.

ABCG2 % fonction: RR goutte juvénile 22.2 (1C95 5.89-83.7)
ABCG2 % fonction: RR goutte juvénile 15.3 (IC95 7.53-30.9)

i ~ ~ o
- - -] o
1

Onset age (yr)

[45]
<o
T

[ 93]
o

Full function 3/4 function 1/2 function < 1/4 function
ABCG2Z function

ABCG2 % fonction: RR goutte juvénile 6.47 (1C95 3.31-12.7)

Goutte juvénile : début avant 20 ans

Matsuo 2013 Sci Report
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Uricémie: régulation rénale
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Uricémie: régulation digestive

Table 1. Uric acid transporters in the intestine.

Name Encoding gene Studying stage References

ABCG2/BCRP ABCG2 In vitro, in vivo, Sarkadi et al. (2004), Nakayama et al. (2011), Hosomi et al. (2012), Ichida et al. (2012),
in clinic Matsuo et al. (2014), Takada et al. (2014) and Yano et al. (2014)

MRP2 ABCC2 In vivo Dudas et al. (2005), Hilgendorf et al. (2007) and Grandvuinet et al. (2012)

MRP4 ABCC4 In vivo Dudas et al. (2005), Hilgendorf et al. (2007) and Grandvuinet et al. (2012)

GLUT9 SLC2A9 In vivo Phay et al. (2000) and, DeBosch et al. (2014)

MCT9 SLC16A9 In clinic Nakayama et al. (2013)

NPT4 SLC17A3 No study Reimer and Edwards (2004)

NPT homolog (NPT5) SLC17A4 In vivo Shibui et al. (1999) and Togawa et al. (2012)

OAT10 SLC22A13 In vitro, in vivo Bahn et al. (2008)

Ygfu ygfU In vitro Papakostas and Frillingos (2012)

S

SchAgff " e ]

Xu 2016 Pharmaceutical Biol

Jejunum lumen

o,

UA

.
-

. SLC17A4 (?)

ABCG2
Halperin Kuhns 2021 BPRCR



ABCG2: excrétion digestive de I'urate

ABCG2 est exprimé par de nombreux tissus

renal proximal tubule

urine cell blood
(
u- URAT 1 W
| u- others? ? u- ok
U- == SLC2A9 u- | 0.05r 1 Intestinal urate excretion
| u- sLc2A9 B U- &  0.04} ‘
- 1 *q__)',:—“
U others Q'.: 0.03 t
o go002}
£ oot} NS
= ABCG2
u- Abcg2 Abcg2 Abcg2 Abcgz
U- & others® = U- (++) (=) (+/+) ()
- ard u-
u Intestine Bile
L ) blood urine

Renal urate excretion

ABCG2 (ATP-Binding Cassette, subfamily G) = BCRP (Breast Cancer Resistance Protein)

Woodward 2009 PNAS Matsuo 2009 Sci Translat Med



Uricémie: régulation digestive

Et le microbiote...

— v — — —

o
= 4 | xanthine,

— | lactate ) =

Emery 2025 Ann Rev Microbio



The Gut Microbiome in Hyperuricemia and Gout

Robert Terkeltaub’ () and Dylan Dodd? Arthritis Rheum 2025

oxygen partial pressure

microbial density

Principal small intestinal bacterial Phyla

(Mainly aerobic and facultative anaerobic bacteria)
Primarily Bacillota (e.g., Lactobacilli and Clostridia)
~30% of gut microbiome

Also: Bacteroidota, Pseudomonadota, Fusobacteriota,
Actinomycetota

~10*% CFU/mL in harsh duodenal environment

~10™ CFU/mL in terminal ileum

Principal large intestinal bacterial Phyla
(Mainly obligate anaerobic bacteria)
Bacteroidota: ~30% of gut microbiome

Also: Pseudomonadota, Actinomycetota, Bacillota
~10'" CFU/mL

Large intestine is deeply anaerobic
Low O, levels limit uricase activity in the
distal small intestine and colon



The Gut Microbiome in Hyperuricemia and Gout

Robert Terkeltaub’ ' and Dylan Dodd? Arthritis Rheum 2025

A

Widely distributed, conserved gene cluster

o)
ygeX hyuA ygfK ssnA xdhAC /IL
pbuX  ygeWw ygeY g"
/\)LOH

= "
\ oo. XdhAC o,

anaerobic urate /\/u\o
pathway

Various gut bacteria - obligate and facultative anaerobes




Cell 2023

A widely distributed gene cluster compensates for

uricase loss in hominids

Graphical abstract

Gut bacteria convert uric acid to xanthine or SCFAs

DD
xanthine dehydrogenase uric acid gene cluster

i H/ \ f H/ O\O [s]
5, e I T

acetate lactate butyrate

Xanthine uric acid

Gut bacteria compensate for uricase deficiency

\ L)
@ antibiotics | serum uric acid

CONV iiaiae — T |nt.est|ne_|l uric acid
: 2 T urine uric acid
deficient mice

Antibiotics with anaerobic activity increase gout risk

[ ] [ ] [ ] [ ] L]

fn\ (H' w w ’n‘ T gout risk in

e o o o —» clindamycinvs.

fm II' w ’n\ bactrim treated
patients

Vs. o
clindamycin-treated bactrim-treated

Authors

Yuanyuan Liu, J. Bryce Jarman,
Yen S. Low, ..., Alan C. Pao,
Saurabh Gombar, Dylan Dodd

Correspondence
ddodd2@stanford.edu

In brief

Anaerobic bacteria of the gut microbiome
are able to metabolize uric acid,
compensating for the uricase deficiency
of their host. This conversion of uric acid
to xanthine or SCFAs is important for
maintaining low levels of uric acid in
serum, lowering gout risk.



Cell

A widely distributed gene cluster compensates for
uricase loss in hominids

uric acid [M+5]
M xanthine [M+5]
M acetate [M+2]
M lactate [M+1]
M lactate [M+2]

lactate [M+3]
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butyrate [M+3]
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A widely distributed gene cluster compensates for

uricase loss in hominids

Uox experimental design

male/female Abx= antibiotic treatment
I 5
po AP water No AP water Abx
Uox= | [ 1
- 0wk 1 wk 2wk +3d
e A T
Uax* plasma () or urine (1) collection
AP nAP Abxid
| 1 0 1 0 1 Urie acld levels

5 P = 0,000 | in gecal contents
= O allopurinal (AP) F < 0.0001 e Uox+~ Uox-~
E 4= @ no allopurnol (nAP) ' ; E 10=" 11 1
Pl O antibictics 3 d (Abx3d) =1::1 = 0,0011
5 E g4 !
g 94 Pt c o
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B | 2 g4 i
5 24 o 3
o L 4- Ll
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g __P=00002 5 2- o
ool oalR l 8 oloe—ll
0- L ot L T =0

xf:: o fr\}‘i‘ A {!# ‘Eh'@- x?ﬁ@ QN\-@ Abx = + = +

N ﬁ°¢“+ »::“Eﬁ““ S ol

*I':.

ATB uricase-/- — T urate dans sang et sels

— Déplétion de bactéries capables dégrader I'acide urique

= Bactrim == Clindamycin
100 4

propensity matched
97.5

95.04

892,54

Gout-free survival (%)

90,04 HR. 1.3(95% Cl, 1.1-1.54)

0 1 2 3 4 5 &
years since antibiotics

Mo. atrisk 6573 8216 5757 4880 398

Chez ’'Homme, clindamycine
(bactéries anaérobies) T 30%
risque de goutte vs Bactrim

Liu 2023



Country (Area)
North America:

United States @

Mexico @
Europe:
Finland

lreland @

Russia @

italy @

Croatia @
Asia:

India @

Japan @

Qatar @

Saudi Arabia @

China @

Turkery @

Korea @

Thailand @

Banglade @
Oceania:

French Polynesia @

New Caledonia @

New Zealand @

Australia @
Africa:

Nigeria @

Seychelles @

Niger @

Hyperuricemie

Prevalence (%)

o®o 0 ¢
L LR
@4

@

20!
@4
@ (
@
@
@
@

20.1
16.6

48.0
24.6
16.6
11.9
9.9

44.6
258
21.2
17.3
133
121
11.4
10.6
9.3

76.0
37.0
17.0
16.6

45.0
35.2
17.2

Hyperuricémie > 420 umol/L

Prévalence monde : 9,3 - 76%

Prévalence Europe : 11,9-48 %

Du 2024 Sign Transd Target Ther



The gout epidemic in French Polynesia: a modelling study of & @
data from the Ma’i u’u epidemiological survey |

Tristan Pascart, Kaja A Wasik, Cristian Preda, Valédrie Chune, Jérémie Torterat, Nicolas Prudhomme, Maryline Nassih, Agathe Martin, @
Julien Le Masson, Vahinetua Rodiére, Sylvain Frogier, Georges Canova, Jean-Paul Pescheus, Charles Shan Sei Fan, Charlotte Jauffret, Patrick Claeys,
Sarah LeBaron von Boeyer, Stephane £ Castel, Anne=Xatrin Emde, Laura Yerges-Armstrong, Keolu Fox, Megan Leask, Jean-locques Vitagliono,
Sohara Graf, Lauréne Norberciak, focques Raynal, Nicola Dalbeth, Tony Memiman, Thomas Bardin, Erwan Oehler
! e ! Lancet Global Health 2024

1 Fernale adults 1 Malle adults

@ Fernale adults with gout [ Malle adults with gout

B Fernale adults with B tdalle adults with
hyperuricasmia hyperuricaemia

Goutte : 15,7% (3,5% F; 25,5% H)

HTA (77,2%),
DT2 (22,7%),
MRC 3-5 (9,7%)
25 20 45 <10 5 0 5 10 15 20 25 CV (4,3%)

Population (%)

30-39

18=29

70-89 .j]

60-69 | Hyperuricémie : 71,6%
S 5059 | - Chez pts goutte :
%‘ 40-49 - Obésité (70%),




Hyperuricémie, goutte et Sd metabolique

Cardiovascular complications
Hypertension
Coronary heart disease
Peripheral arterial disease
Heart failure
Stroke

Metabolic disorders
Type 2 diabetes
Metabolic syndrome
Obesity

Renal dysfunction

Onset and progression
of kidney disease

Kidney stone formation

{yperuricaemia
and gout

Mortality
All-cause mortality

Death due to
cardiovascular causes

Richette 2014 Nat Rev Rheum



Hyperuricémie : principal facteur de
risque de la goutte

==
75-
Q
g
E
o
o 504 I—
E — <6.0 mg/dL
E — 6.0-6.9mg/dL
25] — 7.0-7.9mg/dL
—— 8.0-8.9mg/dL
— 9.0-9.9mg/dL
— >10.0 mg/dL
0_
0 5 10 15

Years of follow-up

Figure 1 Kaplan-Meier plot showing the percentage of participants
who were gout-free over the follow-up period, based on baseline serum

urate categories in mg/dL.

Dalbeth 2018 Ann Rheum Dis

Schauer 2014 Nat Med

Cependant, seulement 15-30%
des patients avec hyperuricémie
développent une goutte



Crystal art

Musculoskeletal ultrasound findings in people with
asymptomatic hyperuricemia: baseline analysis from
the Transitions in Gout Research (TIGER) study using
the OMERACT gout ultrasound semiquantitative
scoring system

269 participants, uricémie > 480 umol/L

Echographie : tendons patellaires, MTP1, tendons d’Achille

Résultats
DC certain (score >1) : 28.6%
Tophus : 17.1%
Agrégats 38.1

38.7 % avaient soit DC soit Tophus

Erosion osseuse 11.9%, hypertrophie synoviale 52.8% et inflammation synovial 5.2%

Que faire ? Faut-il initier THU chez patients avec dépots asymptomatique ?

Stewart 2025 Ann Rheum Dis
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Allopurinol versus usual care in UK patients with ischaemic
heart disease (ALL-HEART): a multicentre, prospective,

randomised, open-label, blinded-endpoint trial

+~®

CrassMark

Isla S Mackenzie, Christopher | Hawkey, lan Ford, Nicola Greenlaw, Filippo Pigazzani, Amy Rogers, Allan D Struthers, Alan G Begg, L 2022 m
Anthony | Avery, Jaspal 5 Taggar, Andrew Walker, Suzanne L Duce, Rebecca | Barr, Jennifer S Dumbleton, Evelien D Rooke, Jonathan

Lewis D Ritchie, Thomas M MacDonald, on behalf of the ALL-HEART Study Group*

1007 — Allopurinol group

/  —— Usual care group
20

S

B 157

g

3

=

c

2

5

s 7

o

HR 1-04 (95% C1 0-89-1-21); p=0-65

0 |

0 1 2 3 - 5 6 7

. Time from randomisation (years
Number at risk (years)

Allopurinol group 2853 2681 2556 2419 2148 1140 502 151
Usual caregroup 2868 2790 2676 2579 2367 1280 655 210

5721 participants, coronay disease,
Exclusion : gout, heart failure

Allopurinol (600 mg) vs usual care

Principal outcome: composite of non-
fatal infarction, stroke and CV deaths

Non cardio-protective effect of
allopurinol
Limits:

Open study

57.4% withdrew allopurinol

Only 1/3 hyperucemia

No serum urate data



Purine metabolism/degradation

Purine salvage

 DNPB

44... '
% _ 3

Emery 2025 Ann Rev Microbio
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Figure 2

At least 28 genes aftect the risk of hyperuricemia. A truncated Manhattan plot shows —log;o P values for all single-nucleotide
polymorphisms (SNPs) of the urate discovery GWAS ordered by chromosomal position. The gene closest to the SNP with the lowest
P value at each locus (index SNP) is listed. The loci in gray met one but not both replication criteria. Blue triangles represent loci

containing SNPs with P values of less than 10~2°. From Reference 16.
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