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Citrate in the management of gout, urate nephrolithiasis
and kidney disease: an old therapy rediscovered?

This editorial refers to the article ‘Impact of Adding Urine
Alkalization Therapy to Xanthine Oxidase Inhibitor in Gout
Management: A Prospective Cohort Study’ by Can Wang et al.
2025; 64(6): 3509-3517. https://doi.org/10.1093/rheumatol
ogy/keaf091.

A study by Wang et al. in this issue [1] demonstrates the effi-
cacy of an inexpensive and benign approach to lowering serum
uric acid levels in gout patients. As a common form of inflam-
matory arthritis, gout is caused by the deposition of monoso-
dium urate crystals in joints due to chronic hyperuricemia.
Epidemiologically, gout is increasingly important due to its ris-
ing global prevalence. Gout goes hand in hand with poor meta-
bolic health that also manifests as obesity, hypertension, type-2
diabetes and numerous other non-communicable diseases,
highlighting its growing impact on public health.

Humans have higher serum urate levels than most other
mammals due to mutations in uricase that resulted in its com-
plete silencing in the mid-Miocene. This loss doubled serum
urate to around 3—4 mg/dl (180-240 uM), potentially confer-
ring a survival advantage at that time [2]. However, in mod-
ern societies, serum urate levels are much higher, in part due
to the western diet (rich in alcohol, sugar and purines), result-
ing in hyperuricemia in up to 20% of the population (defined
as >6 mg/dl in women and >7 mg/dl in men). These individu-
als are at increased risk for gout, kidney stones and chronic
kidney disease (CKD).

The high uric acid burden in humans creates two challenges
due to its poor solubility. First, the deprotonated form, urate,
can precipitate as mono-sodium urate (MSO) crystals in the
neutral pH milieu of interstitial fluids, including synovial fluid,
where these crystals trigger the characteristic arthritis pain of
gout. Second, the acidic form, uric acid, is even less soluble than
urate, leading to crystal precipitation during renal excretion in
low urinary pH conditions. This can cause significant damage
to the kidneys, leading to ‘gouty nephropathy’, a form of CKD
that can progress to kidney failure [3, 4]. Remarkably, 70% of
individuals with gout have CKD at stage 2 or higher [5]—a
striking prevalence that is often overlooked by rheumatologists
focused primarily on the joint-related manifestations of the dis-
ease. The rules of physiology, and common sense, suggest that
urine alkalization will prevent the precipitation of uric acid crys-
tals in renal tubule lumens, thereby facilitating the safe excretion

of uric acid via the kidneys. Indeed, several previous studies
have already shown that urine alkalization with bicarbonate or
citrate can enhance renal uric acid excretion thereby lowering
serum uric acid levels [6-9]. However, perhaps because this in-
expensive and safe non-pharmacological approach does not at-
tract industry investment, larger studies have been lacking.
Consequently, clinical guidelines for gout management do not
include urine alkalization and only focus on urate-lowering
therapy with drugs such as allopurinol and febuxostat.

The study by Wang et al. fills this gap. They performed a
12-week prospective study that sits on the spectrum between
observational and interventional research, with 385 adult
male participants with gout and low urinary pH (<6.2), initi-
ating urate-lowering therapy with febuxostat. Participants
self-selected into two groups: those who opted to add urine
alkalization therapy using a citrate mixture, and those who
did not [1].The outcomes were quite striking. As urine pH in-
creased in the citrate-treated group, these participants experi-
enced significantly fewer gout flares and lower pain levels.
Furthermore, the dose of febuxostat could be significantly re-
duced in the citrate-treated group while maintaining the same
serum uric acid goal. The possibility of dose reduction is im-
portant because febuxostat carries an FDA black box warn-
ing due to the risk of serious cardiovascular events and death.

Besides the rheumatological benefits of urine alkalization,
the authors also found kidney and metabolic benefits.
Patients in the citrate-treated group exhibited a significant de-
crease in the urinary albumin/creatinine ratio (although levels
were within the normal range). Urine occult blood was also
significantly lowered in the citrate group which may suggest
improvement of micro-hematuria. These kidney benefits are
consistent with the known benefits of alkalization in CKD
patients, using citrate, bicarbonate or alkalizing diets.

Mechanistically, the effects of urine alkalization can be as-
cribed to the prevention of uric acid crystallization in the kid-
neys, augmenting uric acid excretion, mitigating kidney
injury and lowering of serum uric acid levels. Interestingly,
uric acid excretion did not differ between groups at study end
point; however, this may reflect that all participants were ti-
trated to achieve the same serum uric acid target, resulting in
a steady state of production and excretion. It is plausible that
absolute uric acid excretion was elevated at earlier time-
points with alkalizing therapy.
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A surprising, and not easily explainable, finding were
improvements in dyslipidaemia in the citrate group. These
patients exhibited a decrease in serum triglycerides and a rise
in HDL cholesterol [1].

One major unacknowledged limitation of this study was
the lack of a “citrate-only’ group, precluding determination of
whether urine alkalization alone might exert an equivalent or
superior urate-lowering effect compared with febuxostat. In
future studies, a head-to-head comparison between the two
could be highly informative.

Overall, this study suggests that the addition of citrate to
gout therapy may not only lower serum uric acid levels and
reduce gout flares—at lower drug doses—but also have
beneficial effects on the risk for uric acid kidney stones and
gout-associated kidney disease. Given the benign nature of
citrate—certainly as compared with drugs like febuxostat—
there seems to be no reasonable barrier to adopting citrate as
a first-line approach to managing hyperuricemia. Citrate is
commonly used for alkalization in various conditions and is
usually well tolerated and safe with gastrointestinal discom-
fort being the most common complaint. The authors of this
study appear to have used a custom-made citrate mixture
containing sodium. Given the known benefits of sodium-
reduction in CKD it may be advantageous to utilize sodium-
free citrate products. For example, an available medical food
for CKD contains citrate as a more kidney-friendly blend
with potassium, calcium and magnesium [10]. The effect of
urine alkalization with citrate can be easily monitored by
patients using pH paper allowing dose adjustment.
Combining citrate alkalization with sensible nutrition and
lifestyle changes to lower uric acid production (lowering
sugar/fructose and alcohol consumption) may be as effective,
and safer, as plain pharmacotherapy with drugs like febuxo-
stat. This should be considered as a first-line conservative ap-
proach by anyone treating patients with gout.

Data availability

There are no data specific to this article.

Funding

No specific funding was received from any funding bodies in
the public, commercial or not-for-profit sectors to carry out
the work described in this article.

Disclosure statement: R.]J.J. has equity with Colorado
Research Partners LLC and is on the Scientific Board of Santa
Barbara Nutrients. T.W. is an inventor on issued and pending
patents filed by the University of California, Santa Barbara
related to the topic of this article. P.B. reports serving or hav-
ing served as a consultant for AstraZeneca, Bayer, Bristol-
Myers Squibb, Boehringer Ingelheim, Eli-Lilly, LG
Chemistry, Sanofi, Novo Nordisk, and Horizon Pharma. P.B.

5207

also serves or have served on the advisory boards and/or
steering committees of AstraZeneca, Bayer, Boehringer
Ingelheim, Novo Nordisk, and XORTX. T.W. is a share-
holder of Santa Barbara Nutrients, Inc., and holds a manage-
rial position. T.W. was a scientific advisor of Chinook
Therapeutics and received research funding from Chinook
Therapeutics and from Kyowa Kirin.

Richard J. Johnson(®"*, Petter Bjornstad?,
Thomas Weimbs()®

!Department of Medicine, University of Colorado Anschutz Medical
Campus, Aurora, CO, USA

2Department of Pediatrics and Medicine, University of Washington,
Seattle, WA, USA

3Department of Molecular, Cellular and Developmental Biology,
University of California Santa Barbara, Santa Barbara, CA, USA

*Correspondence to: Richard J. Johnson, Division of Nephrology,
University of Colorado Anschutz Medical Campus, 12700 E. 19th
Avenue, C281, Aurora CO 80045, USA. E-mail: Richard.johnson@
ucdenver.edu

References

1. Wang C, Guo K, Dalbeth N ez al. Impact of adding urine alkaliza-
tion therapy to xanthine oxidase inhibitor in gout management: a
prospective cohort study. Rheumatology (Oxford) 2025;
64:3509-17.

2. Johnson RJ, Sanchez Lozada LG, Nakagawa T et al. Do thrifty
genes exist? Revisiting uricase. Obesity (Silver Spring) 2022;
30:1917-26.

3. Talbott JH, Terplan KL. The kidney in gout. Medicine (Baltimore)
1960;39:405-67.

4. Moe OW. A generic crystallopathic model for chronic kidney dis-
ease progression. J Clin Invest 2021;131:e151858.

5. Krishnan E. Reduced glomerular function and prevalence of gout:
NHANES 2009-10. PLoS One 2012;7:e50046.

6. Bjornstad P, Maahs DM, Roncal CA et al. Role of bicarbonate
supplementation on urine uric acid crystals and diabetic tubulop-
athy in adults with type 1 diabetes. Diabetes Obes Metab 2018;
20:1776-80.

7. Saito J, Matsuzawa Y, Ito H et al. The alkalizer citrate reduces se-
rum uric acid levels and improves renal function in hyperuricemic
patients treated with the xanthine oxidase inhibitor allopurinol.
Endocr Res 2010;35:145-54.

8. Xue X, Liu Z, Li X et al. The efficacy and safety of citrate mixture
vs sodium bicarbonate on urine alkalization in Chinese primary
gout patients with benzbromarone: a prospective, randomized
controlled study. Rheumatology (Oxford) 2021;60:2661-71.

9. Saito J, Matsuzawa Y, Ito H et al. Alkalizer administration
improves renal function in hyperuricemia associated with obesity.
Jpn Clin Med 2013;4:1-6.

10. Bruen DM, Kingaard JJ, Munits M et al. Ren.Nu, a dietary pro-
gram for individuals with autosomal-dominant polycystic kidney
disease implementing a sustainable, plant-focused, kidney-safe, ke-
togenic approach with avoidance of renal stressors. Kidney Dial
2022;2:183-203.

© The Author(s) 2025. Published by Oxford University Press on behalf of the British Society for Rheumatology. All rights reserved. For commercial re-use, please
contact reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link
on the article page on our site—for further information please contact journals.permissions@oup.com.

Rheumatology, 2025, 64, 5206-5207
https://doi.org/10.1093/rheumatology/keaf352
Editorial

G202 1990100 90 U0 1sanB Aq 0S6E/18/902S/0L/¥9/aI01e/ABojojewnay/woo"dno-ojwapese//:sdny Wwoly papeojumoq


https://orcid.org/0000-0003-3312-8193
https://orcid.org/0000-0001-9423-5561
mailto:Richard.johnson@ucdenver.edu
mailto:Richard.johnson@ucdenver.edu

	Active Content List
	Data availability
	Funding
	References


