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Abstract

Gout is the most common inflammatory arthritis and a global health problem. In addition to joint involvement,
urate crystals induce chronic inflammation, leading to increased cardiovascular risk in gout. Thus,
cardiovascular disease is the leading cause of death in gout and numerous studies have revealed an increase
in cardiovascular-related mortality in these patients. However, despite the efficacy of urate-lowering therapies,
such as allopurinol and febuxostat, suboptimal management of gout and poor adherence continue to make it
difficult to achieve better outcomes. Treat-to-target strategy may help change this, as in other diseases such
as rheumatoid arthritis. Nevertheless, even with a well-defined clinical target (absence of flares and tophi
disappearance), the numerical target [serum uric acid (SUA) < 5 mg/dL or < 6 mg/dL] still varies depending
on current guidelines and consensus documents. Recently, several trials [Long-Term Cardiovascular Safety
of Febuxostat Compared with Allopurinol in Patients with Gout (FAST), REasons for Geographic And Racial
Differences in Stroke (REGARDS)] have shown better cardiovascular outcomes in those patients who
achieve SUA levels < 5 mg/dL. Likewise, some observational studies, mostly based on imaging tests such as
ultrasound and dual-energy computed tomography, have found better results in the magnitude and speed
of reduction of urate joint deposition when SUA < 5 mg/dL is achieved. Based on an analysis of the available
evidence, SUA < 5 mg/dL is postulated as a more ambitious target within the treat-to-target approach for the
management of gout to achieve better joint and cardiovascular outcomes in patients with cardiovascular risk
or severe disease.

Keywords

Gout, uric acid, urate, crystals, treat-to-target, cardiovascular, arthritis

© The Author(s) 2023. This is an Open Access article licensed under a Creative Commons Attribution 4.0 International
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, sharing, adaptation, distribution
and reproduction in any medium or format, for any purpose, even commercially, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.

Explor Musculoskeletal Dis. 2023;1:20-5 | https://doi.org/10.37349/emd.2023.00004 Page 20


https://doi.org/10.37349/emd.2023.00004
mailto:ecalvoa%40hotmail.com?subject=
https://doi.org/10.37349/emd.2023.00004
https://orcid.org/0000-0002-3095-0969
https://orcid.org/0000-0002-5268-1894
http://crossmark.crossref.org/dialog/?doi=10.37349/emd.2023.00004&domain=pdf&date_stamp=2023-2-27

Gout is widespread in the general population. It is the most common cause of inflammatory arthritis and
constitutes a global public health problem [1]. The presence of monosodium urate (MSU) crystals induces
an innate immune response, leading to chronic inflammation [2]. This is responsible for the increased
cardiovascular risk (CVR) in gout, which cannot be explained by traditional risk factors alone [3].

Treatment of gout aims to dissolve urate deposits. This is the only approach that makes tophi (ordered
structures of MSU crystals, sometimes detectable under the skin by physical examination) and recurrent
arthritis attacks disappear definitively, eliminates systemic inflammation, and reduces extra-articular
repercussions of the disease, such as kidney and cardiovascular disease [4].

Xanthine oxidase inhibitors (XOI), such as allopurinol and febuxostat, are widely used in the
management of gout. They reverse the disease process, lowering serum uric acid (SUA) by blocking the
enzyme that catalyzes the transition from xanthine to uric acid, thus favoring the dissolution of urate
deposits. According to the main international guidelines, allopurinol is recommended as the first-line
urate-lowering treatment (ULT), while febuxostat and uricosuric drugs (alone or in combination with XOI)
should be considered if the SUA target is not achieved with allopurinol [5, 6]. However, despite the efficacy of
all these ULTs, suboptimal medical management of gout and poor adherence on the part of patients make it
difficult to achieve better outcomes in this well-known and prevalent disease, which has serious clinical and
socioeconomic consequences [7].

To help change this, the treat-to-target strategy was introduced more than a decade ago. Treat-to-target
aims to manage gout by providing better therapeutic outcomes, as in other diseases such as rheumatoid
arthritis and diabetes mellitus [8]. This approach includes a numerical target and a clinical target; the first
helps to achieve the second. The clinical target is the disappearance of arthritis attacks and tophi. The
numerical target varies depending on current guidelines and consensus documents, as follows: SUA < 6 mg/dL
according to the American College of Rheumatology; < 6 mg/dL and < 5 mg/dL (in severe gout) according to
the European League Against Rheumatism [5, 6]. These recommendations are based on the idea of favoring
the dissolution of urate deposits by lowering SUA beyond the saturation point (6.8 mg/dL; SUA precipitates
in MSU crystals at concentrations higher than 7 mg/dL) [9] and is supported by several studies that have
reported fewer gout attacks in patients who maintain SUA < 6 mg/dL [10-14].

However, there are no science-based proposals to define a numerical target for gout patients with
cardiovascular events (CVE) or focused on CVR. Data from the Cardiovascular Safety of Febuxostat and
Allopurinol in Patients with Gout and Cardiovascular Morbidities (CARES) trial recommend not using
febuxostat in patients with gout and coexisting cardiovascular disease, the most powerful urate-lowering
XOI [15]. Furthermore, in the design of the Febuxostat/Allopurinol Comparative Extension Long-Term
(EXCEL) trial, patients with SUA < 3 mg/dL were reassigned to ULT from their initial treatment, this being
the most frequent cause of withdrawal (14%) in the febuxostat arm [16]. Even so, CARES only included
patients with a previous CVE and did not include patients with CVR only. The recently published results
of the Long-Term Cardiovascular Safety of Febuxostat Compared with Allopurinol in Patients with Gout
(FAST) trial, a post-marketing clinical study with more than 6,000 patients and a median follow-up close to 5
years sponsored by the European Medicines Agency to resolve the concerns raised about the cardiovascular
safety of febuxostat in gout, includes both CVE and CVR [17]. In a pre-specified subanalysis included in the
original design, fewer CVEs were recorded in patients with SUA < 5 mg/dL during treatment with febuxostat
than in those with SUA = 5 mg/dL.

Therefore, according to the results of FAST, the following conclusions can be drawn: a) febuxostat
is not associated with higher global or cardiovascular morbidity and mortality; b) SUA levels < 5 mg/dL
reduce CVE rates and might be a target for patients with previous CVE or high CVR. However, we must also
accept the following limitations of this trial: a) it does not include patients with class I1I/IV heart failure;
b) it is unknown whether the beneficial cardiovascular effect obtained disappears when low levels of SUA
are not permanently maintained, or whether that benefit is partially due to the use of antiplatelet agents
(majority use in FAST in patients with previous CVE, minority use in CARES despite previous CVE); c) there
is no analysis by clinical subgroup (CVE versus CVR) or drug-dose subgroup (allopurinol versus febuxostat).
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Finally, several studies have found a non-linear association between SUA levels and cardiovascular mortality
in adults, with the lowest mortality for values of about 4-5 mg/dL [18-21]. A recent case-cohort analysis
of Black and White’s participants aged = 45 years with no history of coronary heart disease enrolled in the
REasons for Geographic And Racial Differences in Stroke (REGARDS) study reported significant differences
in the risk for sudden cardiac death between those with SUA = 6.8 mg/dL and those with <5 mg/dL [hazard
ratio 2.14; 95% confidence interval (CI) 1.40-3.26] [22].

Observational studies also have shown that the lower the SUA, the better the joint clinical outcomes,
owing to the faster dissolution of the MSU deposits [23, 24]. Likewise, studies using dual-energy computed
tomography or ultrasonography to assess the urate crystal burden in joints found a more significant decrease
in MSU deposits in gout patients who achieve SUA < 5 mg/dL with appropriate treatment [25, 26]. Curiously,
in the Sons of Gout Study, Abhishek et al. [27] did not find urate deposition in asymptomatic patients with
SUA < 5 mg/dL and a family history of gout, whereas ultrasound revealed MSU deposits in 24.2% of those
with SUA between 5 mg/dL and 6 mg/dL. Since several studies have found a significant relationship between
the total burden of urate deposits and CVR, improving the efficiency of urate deposit dissolution with an
ambitious urate target should be mandatory when attempting to improve prognosis [28, 29]. At this point we
must emphasize the need to also include other non-pharmacological strategies in the holistic management
of CVR in gout patients, promoting a healthy lifestyle and controlling comorbidities such as chronic kidney
disease or metabolic syndrome, both closely related to hyperuricemia and gout. We also strongly support
active follow-up, patient empowerment, and nurse/pharmacist-led interventions to improve adherence to
ULT and follow-up, as well as reduce/avoid taking non-steroidal anti-inflammatory drugs (NSAIDs), thus
helping to achieve analytical and clinical goals (Figure 1) [30].

Figure 1. Proposal for a strategic approach to achieve the target of SUA < 5 mg/dL in patients with gout

In conclusion, we suggest SUA < 5 mg/dL as a more ambitious target within the treat-to-target
approach for the management of gout in order to achieve better joint and cardiovascular outcomes in patients
with CVR or severe disease. More studies are needed to replicate the FAST results when lower SUA targets
are achieved.

Abbreviations
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CVR: cardiovascular risk
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ULT: urate-lowering treatment

XOI: xanthine oxidase inhibitors

Declarations
Author contributions

ECA: Conceptualization, Writing—original draft, Writing—review & editing. FPR: Conceptualization,

Writing—original draft, Writing—review & editing, Supervision. Both authors read and approved the
submitted version.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Ethical approval

Not applicable.

Consent to participate

Not applicable.

Consent to publication

Not applicable.

Availability of data and materials

Not applicable.

Funding

This work was supported by the Spanish Foundation of Rheumatology (FERBT2022). The funder had no

role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Copyright
© The Author(s) 2023.

References

1.

Safiri S, Kolahi AA, Cross M, Carson-Chahhoud K, Hoy D, Almasi-Hashiani A, et al. Prevalence, incidence,
and years lived with disability due to gout and its attributable risk factors for 195 countries and
territories 1990-2017: a systematic analysis of the global burden of disease study 2017. Arthritis
Rheumatol. 2020;72:1916-27.

Bodofsky S, Merriman TR, Thomas T], Schlesinger N. Advances in our understanding of gout as an
auto-inflammatory disease. Semin Arthritis Rheum. 2020;50:1089-100.

Perez-Ruiz F, Becker MA. Inflammation: a possible mechanism for a causative role of hyperuricemia/
gout in cardiovascular disease. Curr Med Res Opin. 2015;31:9-14.

Richette P, Perez-Ruiz F, Doherty M, Jansen TL, Nuki G, Pascual E, et al. Improving cardiovascular and
renal outcomes in gout: what should we target? Nat Rev Rheumatol. 2014;10:654-61.

FitzGerald JD, Dalbeth N, Mikuls T, Brignardello-Petersen R, Guyatt G, Abeles AM, et al. 2020 American
college of rheumatology guideline for the management of gout. Arthritis Rheumatol. 2020;72:879-95.
Erratum in: Arthritis Rheumatol. 2021;73:413.

Explor Musculoskeletal Dis. 2023;1:20-5 | https://doi.org/10.37349/emd.2023.00004 Page 23


https://doi.org/10.37349/emd.2023.00004

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Richette P, Doherty M, Pascual E, Barskova V, Becce F, Castaneda-Sanabria ], et al. 2016 updated
EULAR evidence-based recommendations for the management of gout. Ann Rheum Dis. 2017;76:29-42.

De Vera MA, Marcotte G, Rai S, Galo JS, Bhole V. Medication adherence in gout: a systematic review.
Arthritis Care Res (Hoboken). 2014;66:1551-9.

Zhang W, Doherty M, Bardin T, Pascual E, Barskova V, Conaghan P, et al.; EULAR Standing Committee
for International Clinical Studies Including Therapeutics. EULAR evidence based recommendations for
gout. Part II: management. Report of a task force of the EULAR Standing Committee for International
Clinical Studies Including Therapeutics (ESCISIT). Ann Rheum Dis. 2006;65:1312-24.

Seegmiller JE. The acute attack of gouty arthritis. Arthritis Rheum. 1965;8:714-25.

Becker MA, Schumacher HR Jr, Wortmann RL, MacDonald PA, Eustace D, Palo WA, et al. Febuxostat
compared with allopurinol in patients with hyperuricemia and gout. N Engl ] Med. 2005;353:2450-61.

Li-Yu ], Clayburne G, Sieck M, Beutler A, Rull M, Eisner E, et al. Treatment of chronic gout. Can we determine
when urate stores are depleted enough to prevent attacks of gout? ] Rheumatol. 2001;28:577-80.

Perez-Ruiz F, Calabozo M, Fernandez-Lopez M], Herrero-Beites A, Ruiz-Lucea E, Garcia-Erauskin G, et
al. Treatment of chronic gout in patients with renal function impairment: an open, randomized, actively
controlled study. ] Clin Rheumatol. 1999;5:49-55.

Sarawate CA, Patel PA, Schumacher HR, Yang W, Brewer KK, Bakst AW. Serum urate levels and gout
flares: analysis from managed care data. ] Clin Rheumatol. 2006;12:61-5.

Stamp LK, Frampton C, Morillon MB, Taylor W], Dalbeth N, Singh JA, et al. Association between serum
urate and flares in people with gout and evidence for surrogate status: a secondary analysis of two
randomised controlled trials. The Lancet Rheumatology. 2022;4:e53-60.

White WB, Saag KG, Becker MA, Borer JS, Gorelick PB, Whelton A, et al.; CARES Investigators. Cardiovascular
safety of febuxostat or allopurinol in patients with gout. N Engl ] Med. 2018;378:1200-10.

Becker MA, Schumacher HR, MacDonald PA, Lloyd E, Lademacher C. Clinical efficacy and safety of
successful longterm urate lowering with febuxostat or allopurinol in subjects with gout. ] Rheumatol.
2009;36:1273-82.

Mackenzie IS, Ford I, Nuki G, Hallas ], Hawkey C], Webster ], et al.; FAST Study Group. Long-term
cardiovascular safety of febuxostat compared with allopurinol in patients with gout (FAST): a multicentre,
prospective, randomised, open-label, non-inferiority trial. Lancet. 2020;396:1745-57.

Tseng WC, Chen YT, Ou SM, Shih CJ, Tarng DC; Taiwan Geriatric Kidney Disease (TGKD) Research Group.
U-shaped association between serum uric acid levels with cardiovascular and all-cause mortality in the
elderly: the role of malnourishment. ] Am Heart Assoc. 2018;7:e007523.

Brombo G, Bonetti F, Volpato S, Morieri ML, Napoli E, Bandinelli S, et al. Uric acid within the “normal”
range predict 9-year cardiovascular mortality in older individuals. The InCHIANTI study. Nutr Metab
Cardiovasc Dis. 2019;29:1061-7.

Li S, Cui L, Cheng ], Shu R, Chen S, Nguyen US, et al. Repeated measurements of serum urate and
mortality: a prospective cohort study of 152,358 individuals over 8 years of follow-up. Arthritis Res
Ther. 2020;22:84.

Virdis A, Masi S, Casiglia E, Tikhonoff V, Cicero AFG, Ungar A, et al.; from the Working Group on Uric
Acid and Cardiovascular Risk of the Italian Society of Hypertension. Identification of the uric acid
thresholds predicting an increased total and cardiovascular mortality over 20 years. Hypertension.
2020;75:302-8.

Colantonio LD, Reynolds R], Merriman TR, Gaffo A, Singh JA, Plante TB, et al. Higher serum urate levels
are associated with an increased risk for sudden cardiac death. ] Rheumatol. 2021;48:1745-53.
Perez-Ruiz F, Calabozo M, Pijoan ]I, Herrero-Beites AM, Ruibal A. Effect of urate-lowering therapy on the
velocity of size reduction of tophi in chronic gout. Arthritis Rheum. 2002;47:356-60.

Explor Musculoskeletal Dis. 2023;1:20-5 | https://doi.org/10.37349/emd.2023.00004 Page 24


https://doi.org/10.37349/emd.2023.00004

24.

25.

26.

27.

28.

29.

30.

Shoji A, Yamanaka H, Kamatani N. A retrospective study of the relationship between serum urate
level and recurrent attacks of gouty arthritis: evidence for reduction of recurrent gouty arthritis with
antihyperuricemic therapy. Arthritis Rheum. 2004;51:321-5.

Ebstein E, Forien M, Norkuviene E, Richette P, Mouterde G, Daien C, et al. Ultrasound evaluation in
follow-up of urate-lowering therapy in gout: the USEFUL study. Rheumatology (Oxford).2019;58:410-7.
Shen M, Zhang |, Qian K, Li C, Xu W, Gu B, et al. Febuxostat in the treatment of gout patients with low
serum uric acid level: 1-year finding of efficacy and safety study. Clin Rheumatol. 2018;37:3107-13.
Abhishek A, Courtney P, Jenkins W, Sandoval-Plata G, Jones AC, Zhang W, et al. Brief report: monosodium
urate monohydrate crystal deposits are common in asymptomatic sons of patients with gout: the sons
of gout study. Arthritis Rheumatol. 2018;70:1847-52.

Lee KA, Ryu SR, Park S], Kim HR, Lee SH. Assessment of cardiovascular risk profile based on measurement

of tophus volume in patients with gout. Clin Rheumatol. 2018;37:1351-8.

Perez-Ruiz F, Martinez-Indart L, Carmona L, Herrero-Beites AM, Pijoan ]I, Krishnan E. Tophaceous gout
and high level of hyperuricaemia are both associated with increased risk of mortality in patients with
gout. Ann Rheum Dis. 2014;73:177-82.

Perez-Ruiz F Perez-Herrero N, Richette P, Stack AG. High rate of adherence to urate-lowering
treatment in patients with gout: who's to blame? Rheumatol Ther. 2020;7:1011-9.

Explor Musculoskeletal Dis. 2023;1:20-5 | https://doi.org/10.37349/emd.2023.00004 Page 25


https://doi.org/10.37349/emd.2023.00004

	Abstract
	Keywords
	Abbreviations
	Declarations 
	Acknowledgments 
	Author contributions 
	Conflicts of interest 
	Ethical approval 
	Consent to participate 
	Consent to publication 
	Availability of data and materials 
	Funding 
	Copyright 

	References 

