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Sonographic Tophi and Inflammation Are Associated With Carotid Atheroma Plaques in Gout
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Objective: Gout and cardiovascular disease are closely related, but the mechanism connecting them remains unknown. This study aims to explore whether urate crystal deposits and inflammation (assessed by ultrasound) are associated with carotid atherosclerosis.

Methods: We included consecutive patients with crystal-proven gout newly presenting to a tertiary rheumatology unit. Patients under urate-lowering treatment were excluded. Ultrasound assessment was performed during intercritical periods. Musculoskeletal scans evaluated six joints and four tendons for urate crystal deposits (double contour, aggregates, and tophi), and power Doppler (PD) signal (graded 0–3) as a marker of local inflammation. The sum of locations showing deposits or a positive PD signal (≥1) was registered. Carotids were scanned for increased intima-media thickness (IMT) and atheroma plaques, according to the Mannheim consensus. Associations were analyzed using logistic regression.

Results: The study included 103 patients showing sonographic crystal deposits at the examined locations (mean sum 9.9, minimum 2); tophi were the most frequent. Two-thirds of participants presented a positive PD signal (30.1% grade 2–3). In the carotid scans, 59.2% of participants showed atheroma plaques, and 33.0% increased IMT. Tophi (odds ratio [OR] 1.24; 95% confidence interval [CI] 1.03–1.50) and a positive PD signal (OR 1.67; 95% CI 1.09–2.56) were significantly associated with atheroma plaques, while an increased IMT showed no sonographic association.

Conclusion: Sonographic crystal deposits and subclinical inflammation were consistently observed in patients with intercritical gout. Tophi and a positive PD signal were linked to carotid atherosclerosis. Our findings may contribute to understanding the complex relationship between gout and atherosclerosis.
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HIGHLIGHTS

- All patients with gout showed sonographic crystal deposits in at least two explored locations.

- Subclinical inflammation was also revealed by ultrasound despite performed during the intercritical period.

- A high prevalence of carotid atheroma plaques was confirmed.

- Sonographic tophi and power Doppler signal were associated with carotid atherosclerosis.



INTRODUCTION

Cardiovascular disease (CVD) constitutes the main cause of death worldwide (1) and in patients with inflammatory rheumatic disorders. All-cause mortality is twice as high in people with gout as in the general population (2, 3), mainly due to CVD (4, 5).

For a long time, elevated cardiovascular risk in gout has been attributed to traditional cardiovascular risk factors, which tend to be more prevalent in this group of patients than in the general population (6, 7). However, these risk factors cannot account for all the excess mortality seen, suggesting that gout is associated with additional cardiovascular risk, independent of known determinants of CVD (4, 5, 8, 9). Inflammation from any cause plays a crucial role in the atherogenesis process; not only is it considered an important cardiovascular risk factor by itself (10), it also boosts the effect of other risk factors. In gout, inflammation is stimulated by monosodium urate (MSU) crystals through IL-1β production and neutrophil extracellular traps (NETs) in flares. During intercritical periods, low-grade inflammation persists in peripheral blood (11), synovial fluid (12), and tophi (13), as indicated on ultrasound by a persistent power Doppler (PD) signal and progressive erosions in the absence of flares (14, 15). The formation of NETs (16), along with oxidative stress driven by hyperuricemia (17, 18), damages endothelial cells and leads to endothelial dysfunction, which ultimately results in atherosclerosis.

People with gout show variable levels of cardiovascular risk. Some disease characteristics, such as the presence of tophi, bone erosions, longer duration, oligoarticular or polyarticular presentations, and higher serum urate levels, are predictors of subsequent fatal and non-fatal cardiovascular events (19–21). These are indeed markers of severe disease, with a higher crystal and inflammatory load (11, 22).

Subclinical carotid atherosclerosis, and especially atheroma plaques, entail a very high cardiovascular risk, according to European Society of Cardiology guidelines (23, 24), predicting the development of stroke and coronary heart disease (25, 26). The prevalence of carotid atherosclerosis in people with gout ranges from about 29.1 to 48.9% (27–30) and is likely to be higher than in the non-gouty population. In one study, its identification by ultrasound helped reclassify 27.8% of newly seen gout patients to the very high cardiovascular risk level (30). This reclassification was independent of other cardiovascular risk factors, revealing the poor performance of risk assessment tools such as the Framingham Heart Study (FHS) or the Systematic Coronary Risk Evaluation (SCORE) to predict the presence of carotid atherosclerosis.

Two previous reports failed to demonstrate an association between clinical characteristics of gout and the presence of subclinical atherosclerosis (29, 30). This study aims to explore the association between sonographic signs of MSU crystal deposits and accompanying inflammation, and the presence of carotid atherosclerosis. We hypothesized that a higher sonographic crystal load, depicted as double contour (DC) sign, aggregates, tophi, or higher inflammatory signs, detected by a PD signal, would be associated with the presence of subclinical atherosclerosis in patients with gout.



PATIENTS AND METHODS


Study Design and Population

We designed an observational, prospective study to assess the relationship between carotid atherosclerosis and both sonographic crystal deposits and subclinical articular inflammation, and the impact of a treat-to-crystal dissolution strategy (urate-lowering therapy [ULT], flare prophylaxis) and cardiovascular risk management. Here we present the baseline analysis of the study.

The study took place in a tertiary rheumatology unit of a university hospital, covering a population of 278,095 inhabitants (2019 data). Selection of participants followed a consecutive sampling of incident cases. Consecutive, newly seen patients with crystal-proven gout confirmed in synovial fluid or tophus material and not using ULT at diagnosis were eligible for the study. No exclusion criteria applied; previous use of ULT was accepted. Participants were recruited at the time of a gout flare or after its subsidence, but all cases were scanned during intercritical periods (free of inflammatory signs and symptoms). Flare prophylaxis with low-dose colchicine or other agents such as non-steroidal anti-inflammatory drugs was permitted.

Prior to data collection, investigators explained the aim of the study to eligible patients. According to the Declaration of Helsinki, all participants read the study information sheet and signed informed consent. The local Ethics Committee approved the protocol [PI2018/027].

This article was written in accordance with the STROBE statement (31) and EULAR recommendations for reporting ultrasound studies in rheumatic and musculoskeletal diseases (32).



Variables

Outcome variables were (a) increased intima-media thickness (IMT, > 0.9 mm, measured by automatic measurement system), and (b) the presence of atheroma plaques. Both variables were assessed following bilateral carotid artery ultrasound, performed according to the Mannheim consensus (33).

The primary explanatory variables were the presence of a DC sign, aggregates, tophi, and PD signal in the ultrasound evaluating MSU crystal deposits (according to OMERACT definitions for MSU crystal deposits and articular inflammation) (34, 35).

Secondary explanatory variables included demographic and clinical characteristics, including cardiovascular risk factors, history of CVD, cardiovascular risk categories, and others involving gout disease and therapeutics (full list of secondary explanatory variables provided in the Supplementary Data 1). These were collected at clinics by attending physicians.



Ultrasound Assessment

Participants were referred for a musculoskeletal and carotid ultrasound assessment. The two sonographers (AMS and MA) who performed the study had accredited experience in vascular and musculoskeletal ultrasound (AMS: 20 years of experience, level 2 European Federation of Societies for Ultrasound in Medicine and Biology competency, a teacher at the Ultrasound School of the Spanish Society of Rheumatology; MA: 10 years of experience, certified by the Ultrasound School of the Spanish Society of Rheumatology). They were blinded to clinical and laboratory data, and patients were asked not to talk about their disease and treatments. Immediately after ultrasound evaluation, sonographers reported their findings, which were available to the patient and the attending rheumatologist.

The ultrasound system used was the Mindray DC-70 device (Mindray Medical International Ltd, Shenzhen, PRC), with a high frequency (6–14 MHz) linear probe (L14-6NE model) and greyscale and Doppler modalities. Frequencies of at least 12 MHz were used to scan for elementary lesions; PD signal assessment was optimized by adjusting gain, reducing pulse repetition frequency, and placing the scanning box to the region of interest.

For the musculoskeletal assessment, we followed a binary (presence/absence) scoring system at the anatomical region level, as suggested by Naredo et al. (36). The domains were (a) elementary lesions of MSU crystal deposits (DC sign, aggregates, and tophi), following OMERACT definitions (34) (Figure 1); and (b) inflammation, assessed by the presence of a local PD signal and graded in a semiquantitative score as 0–3 (35) (Figure 1). The evaluated regions, adapted from Naredo et al. (36), were wrists (radiocarpal and midcarpal), second metacarpophalangeal (MCPs) and first metatarsophalangeal (MTPs) joints, and triceps and patellar tendons and their entheses. For upper limb scans, patients remained seated, with their hands over a flat surface for hand scans and with an elbow flexion of 90 degrees for triceps tendon scans. For lower limb scans, patients laid in a supine position, with knee flexion of 90 degrees for patellar tendon and feet scans. All regions were examined longitudinally for the whole width of their dorsal aspects; for second MCPs and first MTPs, medial aspects were also examined.


[image: Figure 1]
FIGURE 1. Representative ultrasound features of monosodium urate crystal deposits and associated inflammation. (Up-left) A double contour sign at the cartilage of the 1st metatarsal bone. (Up-right) Two aggregates inside distal patellar tendon. (Bottom-left) A tophus seen at the radial aspect of the 2nd metacarpophalangeal joint. (Bottom-right) A positive (grade 2) power-Doppler signal at 1st metatarsophalangeal joint, indicative of synovitis.


Carotid arteries were bilaterally scanned for increased IMT and presence of atheroma plaques, according to the Mannheim consensus (33) (Figure 2). Participants laid in a supine position with a mild hyperextension of the neck. Common carotids and their branches were scanned longitudinally and transversally for plaques, while IMT was measured longitudinally at common carotids.
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FIGURE 2. Representative ultrasound features of carotid atherosclerosis. (Left) An increased intima-media thickness (1.048 mm), measured 1 cm proximal to the carotid bulb according to the Mannheim consensus. (Right) A partially calcified atheroma plaque (maximal thickness 3.1 mm) at the anterior wall of the common carotid artery.




Statistical Analysis
 
Sample Size

The prevalence of carotid atheroma plaques ranges between 29.1 and 48.9% (27–30). Assuming a prevalence of 40%, with 80% power, a significance level of 95%, and an estimated rate of refusal to participate of 10%, the estimated sample size was a minimum of 86 patients.



Statistical Analysis

Descriptive statistics are presented as frequencies (n) and percentages (%) for qualitative variables and as mean (standard deviation) or median (interquartile range) for parametric or non-parametric quantitative variables, respectively. Three quantitative variables were categorized by standard definitions: obesity (body mass index ≥30 kg/m2), chronic kidney disease (glomerular filtration rate < 60 mL/min/1.73 m2, according to the CKD-EPI equation) and severe chronic kidney disease, stage 4–5 (glomerular filtration rate < 30 mL/min/1.73 m2, according to the CKD-EPI equation).

To ensure intra- and interobserver reliability, both sonographers performed the aforementioned musculoskeletal and carotid ultrasound assessment in three patients on the same day and repeated the examination 2 weeks later. Reliability was evaluated by Cohen's κ. The κ for intra-observer agreement ranged from 0.65 to 0.75 (p < 0.001); for inter-observer concordance, κ was 0.66 (p = 0.001). These results indicate a good level of agreement, similar to the work by Naredo et al. (36).

The sum of locations showing elementary lesions of MSU crystal deposits or positive PD signal (≥1) was estimated to assess crystal and inflammatory burden, respectively. Sum scores for DC sign, aggregates and tophi were given for locations with deposits or a positive PD signal, and individually for each elementary lesion.

The association analysis employed simple logistic regression, considering increased IMT or atheroma plaques as the dependent variables.

A sensitivity analysis was planned, limiting a positive PD signal to scores of 2 or 3, which represent a significant inflammatory burden; a grade 1 PD signal may sometimes be found in healthy individuals (37).

No specific approaches were followed to deal with missing data.

IBM SPSS Statistics for Windows, version 25.0 (IBM Corp., Armonk, N.Y., USA) was used for the analyses.





RESULTS


Clinical, Demographic, and Gout Characteristics

A total of 103 patients with crystal-proven gout were included in the study between December 2017 and June 2020; no patients were excluded. Table 1 presents the characteristics of the enrolled participants. Patients were mostly white men, with a mean age of 62 years. At diagnosis, 91 (90.1%) had hyperuricemia (serum urate level ≥ 6.8 mg/dL), and 26 (25.2%) had chronic kidney disease. Twenty-three (22.3%) had established CVD. According to the cardiovascular risk categories, 33% were at moderate risk, 29% at high risk and 38% at very high risk, while none showed a low risk. Regarding gout characteristics, time from the first flare to diagnosis was long (median 4 years), tophi were present in 17 (16.7%), and almost half the patients presented with an oligo- or poly-articular flare, all features indicating a high MSU crystal burden. Ninety patients were taking colchicine at the time of the ultrasound (mode dose of 0.5 mg/day, 17.8% received 1 mg/day).


Table 1. Participants' characteristics and comparisons according to carotid ultrasound findings.
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Ultrasound Assessment

All participants underwent ultrasound assessment, performed a mean of 28.9 days (SD 22.6) after diagnosis. Table 2 shows the extent of the signs of MSU crystal deposit and inflammation. All participants showed sonographic signs of crystal deposits at the examined locations, with a mean sum of 9.9 and a minimum of 2, with tophi standing out as the most frequent. The mean sum of locations with positive PD signal was 1. The rate of patients presenting positive PD signal was 67.0% (grade 2–3 in 30.1%). Positive PD signal significantly correlated with deposits (r = +0.37, p < 0.001), mainly due to tophi (r = +0.37, p < 0.001), and aggregates (r = +0.20, p = 0.040), but not to the DC sign (r = +0.12, p = 0.232).


Table 2. Musculoskeletal ultrasound findings and their association with carotid atherosclerosis.
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Regarding the carotid scans, atheroma plaques were present in 61 individuals (59.2%) and were found bilaterally in 33 (32.0%). IMT measurement was not possible in three patients due to extensive calcified atherosclerosis. Thirty-three participants showed increased IMT, which was bilateral in 13.

The distribution of musculoskeletal and carotid ultrasound findings across secondary explanatory variables is shown in Table 1 and Supplementary Tables 1, 2.



Association Analysis

Table 2 presents the results of the logistic regression, assessing the association between carotid ultrasound findings and signs of MSU crystal deposits and inflammation. The extent of tophi and positive PD signal were significantly associated with the presence of atheroma plaques. No association was found with increased IMT.

An analysis of bilateral carotid ultrasound findings (Supplementary Table 3) showed that bilateral atheroma plaques were linked to the extent of locations with deposits, tophi, and positive PD signal. As above, no associations were found with a bilateral increased IMT.




DISCUSSION

The relationship between gout and CVD has been amply documented, with some studies supporting a causative role for gout. Nonetheless, the mechanism by which these entities are connected is still unknown. In this study, we discovered that MSU crystal deposits and consequent intercritical inflammation are linked with the presence of subclinical carotid atherosclerosis. We found that the extent of sonographic MSU crystal load (mainly by tophi) and inflammatory load expressed as a positive PD signal, were associated with the presence of carotid atheroma plaques. This finding may represent a paradigm shift for gout management. All patients with gout, even those with infrequent flares, showed sonographic signs of MSU crystals, especially tophi. The consistent presence of deposits, along with the deleterious association identified in our study, would merit an early initiation of ULT, even after the first flare, once the disease is definitively diagnosed. An early treatment of gout has indeed demonstrated a reduction of flares and inflammation by imaging (38); this approach would hypothetically reduce the ultimate risk of developing CVD. However, experts still recommend delaying the initiation of ULT until the disease has reached a certain severity (39).

Doppler techniques show the degree of vascularization or blood flow at the examined locations. A positive PD signal translates to inflammation in chronic inflammatory arthritis, and it correlates with the cytokine profile (40) and histopathological synovitis (41). In gout flares, the PD signal is markedly increased; it can persist at lower levels during intercritical periods (14, 42, 43) and decrease during ULT (43). In our series, where two out of three patients showed a positive PD signal (a surrogate marker of crystal-led inflammation), an association was observed with atheroma plaques. Our data thus suggest that the PD signal might be an indicator of cardiovascular risk and a potential target for preventing CVD. In line with our clinical practice, 87% of participants were on prophylactic colchicine initiated after proving the diagnosis of gout, which might have influenced the results due to its anti-inflammatory effect (44). In the study by Peiteado et al. (43), a positive PD signal was found in 96% of patients, with a smaller proportion taking prophylactic colchicine (71%). Thus, our findings should be replicated in a population not under prophylactic agents. Still, the 67% rate of positive PD signal is significant, considering the anti-inflammatory therapeutic background and the intercritical situation of the patients.

Ultrasound in gout has mainly been advocated for diagnosis (45), though some recent papers have proven an interesting role in monitoring the disease, such as checking the reduction of deposits during ULT (46), and predicting the occurrence of flares after discontinuation of colchicine (47) or the achievement of remission criteria in the following 12 months (48). Furthermore, ultrasound could also be of interest for establishing cardiovascular risk. Our results on the extent of tophi and joint inflammation strengthen the value of crystal burden assessment to predict cardiovascular outcomes in patients newly diagnosed with gout. A recent paper from France (49) sustains this point of view. The volume of MSU crystals measured by dual-energy computed tomography predicted subsequent cardiovascular events and mortality in the follow-up. Accordingly, the estimated crystal burden by imaging may even be used, like subcutaneous tophi, to individualize the proper serum urate target for the patient (39).

Our findings support a close relationship between MSU crystals and inflammation, on the one hand, and atherosclerosis on the other. However, the cross-sectional design impedes establishing causality. In addition, all the analyzed variables related to CVD and gout are closely intertwined, as shown in Table 1 and Supplementary Tables 1, 2. Potentially, these issues could have introduced some bias into the association analysis. Larger prospective studies would be desirable, but including groups without ULT is unethical. Nonetheless, the MSU crystal–inflammation–atherosclerosis relationship is supported by the current knowledge available for the atherosclerotic process (10).

This study carries a risk of selection bias, as participants were patients with gout who attended our rheumatology clinic, but not those who are monitored in primary care or those who self-managed their flares. This may have led to a higher rate of comorbidities, cardiovascular risk, crystal burden or a more inflammatory disease.

Women were also underrepresented in our study. Although gout is more prevalent in men, the percentage of female participants (8.7%) is too low. A lower suspicion of gout in women, and accordingly a lower referral to the rheumatology unit, could explain this fact.



CONCLUSION

Sonographic deposits of MSU crystals were consistently observed in newly seen patients with gout, and two out of three had inflammation in the intercritical period despite a month on colchicine as average. Crystal and inflammatory load, here shown as tophi and positive PD signal, were found to be associated with carotid atherosclerosis. This new finding may contribute to understanding the complex relationship between gout and atherosclerosis.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Alicante General University Hospital, Institute of Sanitary and Biomedical Research (ref. PI2018/027). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

IC: data curation, investigation, project administration, visualization, writing—original draft, and writing—review and editing. AM-S: funding acquisition, investigation, and writing—review and editing. MA: conceptualization, formal analysis, funding acquisition, investigation, methodology, supervision, visualization, and writing—review and editing. All authors contributed to the article and approved the submitted version.



FUNDING

This work was supported by the Spanish Foundation of Rheumatology (Grant exp. 17/EM253/0201). The funder had no role on the study design, data analysis or results communication.



ACKNOWLEDGMENTS

To our colleagues Paloma Vela Ph.D., Vega Jovaní Ph.D., Pilar Bernabeu MD, Ximo Esteve Ph.D., Marisa Peral MD, Laura Ranieri MD, and Salvador López-Salguero MD for their contribution to the recruitment of participants. To Silvia Gómez B.Sc., and Rocío Caño Ph.D. for their research assistance. To Ms. Megan Harris for the language edition of the manuscript.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2021.795984/full#supplementary-material



REFERENCES

 1. Roth GA, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global, regional, and national age-sex-specific mortality for 282 causes of death in 195 countries and territories, 1980–2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet. (2018) 392:1736–88. doi: 10.1016/S0140-6736(18)32203-7

 2. Disveld IJM, Zoakman S, Jansen TLTA, Rongen GA, Kienhorst LBE, Janssens HJEM, et al. Crystal-proven gout patients have an increased mortality due to cardiovascular diseases, cancer, and infectious diseases especially when having tophi and/or high serum uric acid levels: a prospective cohort study. Clin Rheumatol. (2019) 38:1385–91. doi: 10.1007/s10067-019-04520-6

 3. Kuo C-F, See L-C, Luo S-F, Ko Y-S, Lin Y-S, Hwang J-S, et al. Gout: an independent risk factor for all-cause and cardiovascular mortality. Rheumatology. (2010) 49:141–6. doi: 10.1093/rheumatology/kep364

 4. Clarson LE, Chandratre P, Hider SL, Belcher J, Heneghan C, Roddy E, et al. Increased cardiovascular mortality associated with gout: a systematic review and meta-analysis. Eur J Prev Cardiol. (2015) 22:335–43. doi: 10.1177/2047487313514895

 5. Krishnan E, Baker JF, Furst DE, Schumacher HR. Gout and the risk of acute myocardial infarction. Arthritis Rheum. (2006) 54:2688–96. doi: 10.1002/art.22014

 6. Richette P, Clerson P, Périssin L, Flipo R-M, Bardin T. Revisiting comorbidities in gout: a cluster analysis. Ann Rheum Dis. (2015) 74:142–7. doi: 10.1136/annrheumdis-2013-203779

 7. Meek IL, Picavet HSJ, Vonkeman HE, Verschuren WMM, van de Laar MAFJ. Increased cardiovascular risk factors in different rheumatic diseases compared with the general population. Rheumatology. (2013) 52:210–6. doi: 10.1093/rheumatology/kes194

 8. De Vera MA, Rahman MM, Bhole V, Kopec JA, Choi HK. Independent impact of gout on the risk of acute myocardial infarction among elderly women: a population-based study. Ann Rheum Dis. (2010) 69:1162–4. doi: 10.1136/ard.2009.122770

 9. Choi HK, Curhan G. Independent impact of gout on mortality and risk for coronary heart disease. Circulation. (2007) 116:894–900. doi: 10.1161/CIRCULATIONAHA.107.703389

 10. Ridker PM, MacFadyen JG, Glynn RJ, Bradwin G, Hasan AA, Rifai N. Comparison of interleukin-6, C-reactive protein, and low-density lipoprotein cholesterol as biomarkers of residual risk in contemporary practice: secondary analyses from the Cardiovascular Inflammation Reduction Trial. Eur Heart J. (2020) 41:2952–61. doi: 10.1093/eurheartj/ehaa160

 11. Diaz-Torne C, Ortiz MA, Garcia-Guillen A, Jeria-Navarro S, Sainz L, Fernandez-Sanchez S, et al. The inflammatory role of silent urate crystal deposition in intercritical gout. Rheumatology. (2021) 60:5463–72. doi: 10.1093/rheumatology/keab335

 12. Pascual E. Persistence of monosodium urate crystals and low-grade inflammation in the synovial fluid of patients with untreated gout. Arthritis Rheum. (1991) 34:141–5. doi: 10.1002/art.1780340203

 13. Dalbeth N, Pool B, Gamble GD, Smith T, Callon KE, McQueen FM, et al. Cellular characterization of the gouty tophus: a quantitative analysis. Arthritis Rheum. (2010) 62:1549–56. doi: 10.1002/art.27356

 14. Chowalloor P, Raymond WD, Cheah P, Keen H. The burden of subclinical intra-articular inflammation in gout. Int J Rheum Dis. (2020) 23:661–8. doi: 10.1111/1756-185X.13811

 15. Carter JD, Kedar RP, Anderson SR, Osorio AH, Albritton NL, Gnanashanmugam S, et al. An analysis of MRI and ultrasound imaging in patients with gout who have normal plain radiographs. Rheumatology. (2009) 48:1442–6. doi: 10.1093/rheumatology/kep278

 16. Döring Y, Soehnlein O, Weber C. Neutrophil extracellular traps in atherosclerosis and atherothrombosis. Circ Res. (2017) 120:736–43. doi: 10.1161/CIRCRESAHA.116.309692

 17. Dai Y, Cao Y, Zhang Z, Vallurupalli S, Mehta JL. Xanthine oxidase induces foam cell formation through LOX-1 and NLRP3 activation. Cardiovasc Drugs Ther. (2017) 31:19–27. doi: 10.1007/s10557-016-6706-x

 18. Kattoor AJ, Pothineni NVK, Palagiri D, Mehta JL. Oxidative stress in atherosclerosis. Curr Atheroscler Rep. (2017) 19:42. doi: 10.1007/s11883-017-0678-6

 19. Disveld IJM, Fransen J, Rongen GA, Kienhorst LBE, Zoakman S, Janssens HJEM, et al. Crystal-proven gout and characteristic gout severity factors are associated with cardiovascular disease. J Rheumatol. (2018) 45:858–63. doi: 10.3899/jrheum.170555

 20. Perez-Ruiz F, Martínez-Indart L, Carmona L, Herrero-Beites AM, Pijoan JI, 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. doi: 10.1136/annrheumdis-2012-202421

 21. Vincent ZL, Gamble G, House M, Knight J, Horne A, Taylor WJ, et al. Predictors of mortality in people with recent-onset gout: a prospective observational study. J Rheumatol. (2017) 44:368–73. doi: 10.3899/jrheum.160596

 22. Nakayama DA, Barthelemy C, Carrera G, Lightfoot RW, Wortmann RL. Tophaceous gout: a clinical and radiographic assessment. Arthritis Rheum. (1984) 27:468–71. doi: 10.1002/art.1780270417

 23. Reiner Ž, Catapano AL, De Backer G, Graham I, Taskinen M-R, Wiklund O, et al. ESC/EAS Guidelines for the management of dyslipidaemias: the task force for the management of dyslipidaemias of the European Society of Cardiology (ESC) and the European Atherosclerosis Society (EAS). Eur Heart J. (2011) 32:1769–818. doi: 10.1093/eurheartj/ehr158

 24. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al. 2016 European Guidelines on cardiovascular disease prevention in clinical practice: the sixth joint task force of the european society of cardiology and other societies on cardiovascular disease prevention in clinical practice (constituted by representatives of 10 societies and by invited experts)Developed with the special contribution of the European Association for Cardiovascular Prevention & Rehabilitation (EACPR). Eur Heart J. (2016) 37:2315–81. doi: 10.1093/eurheartj/ehw106

 25. Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE. Common carotid intima-media thickness and risk of stroke and myocardial infarction: the Rotterdam study. Circulation. (1997) 96:1432–7. doi: 10.1161/01.CIR.96.5.1432

 26. Chambless LE, Heiss G, Folsom AR, Rosamond W, Szklo M, Sharrett AR, et al. Association of coronary heart disease incidence with carotid arterial wall thickness and major risk factors: the Atherosclerosis Risk in Communities (ARIC) study, 1987–1993. Am J Epidemiol. (1997) 146:483–94. doi: 10.1093/oxfordjournals.aje.a009302

 27. Çukurova S, Pamuk ÖN, Ünlü E, Pamuk GE, Çakir N. Subclinical atherosclerosis in gouty arthritis patients: a comparative study. Rheumatol Int. (2012) 32:1769–73. doi: 10.1007/s00296-011-1900-4

 28. Friedlander AH, Graves LL, Grabich SG, Aghazadehsanai N, Chang TI. Prevalence of calcified carotid artery atheromas on panoramic images of older men with gout: a descriptive retrospective study. Dentomaxillofac Radiol. (2017) 46:20160406. doi: 10.1259/dmfr.20160406

 29. Gancheva R, Kundurdjiev A, Ivanova M, Kundurzhiev T, Kolarov Z. Evaluation of cardiovascular risk in stages of gout by a complex multimodal ultrasonography. Rheumatol Int. (2017) 37:121–30. doi: 10.1007/s00296-016-3556-6

 30. Andrés M, Bernal JA, Sivera F, Quilis N, Carmona L, Vela P, et al. Cardiovascular risk of patients with gout seen at rheumatology clinics following a structured assessment. Ann Rheum Dis. (2017) 76:1263–8. doi: 10.1136/annrheumdis-2016-210357

 31. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP, STROBE Initiative. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies. Bull World Health Organ. (2007) 85:867–72. doi: 10.2471/BLT.07.045120

 32. Costantino F, Carmona L, Boers M, Backhaus M, Balint PV, Bruyn GA, et al. EULAR recommendations for the reporting of ultrasound studies in rheumatic and musculoskeletal diseases (RMDs). Ann Rheum Dis. (2021) 80:840–7. doi: 10.1136/annrheumdis-2020-219816

 33. Touboul P-J, Hennerici MG, Meairs S, Adams H, Amarenco P, Bornstein N, et al. Mannheim carotid intima-media thickness and plaque consensus (2004-2006-2011). An update on behalf of the advisory board of the 3rd, 4th and 5th watching the risk symposia, at the 13th, 15th and 20th European Stroke Conferences, Mannheim, Germany, 2004, Brussels, Belgium, 2006, and Hamburg, Germany, 2011. Cerebrovasc Dis. (2012) 34:290–6. doi: 10.1159/000343145

 34. Terslev L, Gutierrez M, Schmidt WA, Keen HI, Filippucci E, Kane D, et al. Ultrasound as an outcome measure in gout. A validation process by the OMERACT ultrasound working group. J Rheumatol. (2015) 42:2177–81. doi: 10.3899/jrheum.141294

 35. Dougados M, Jousse-Joulin S, Mistretta F, d'Agostino M-A, Backhaus M, Bentin J, et al. Evaluation of several ultrasonography scoring systems for synovitis and comparison to clinical examination: results from a prospective multicentre study of rheumatoid arthritis. Ann Rheum Dis. (2010) 69:828–33. doi: 10.1136/ard.2009.115493

 36. Naredo E, Uson J, Jiménez-Palop M, Martínez A, Vicente E, Brito E, et al. Ultrasound-detected musculoskeletal urate crystal deposition: which joints and what findings should be assessed for diagnosing gout? Ann Rheum Dis. (2014) 73:1522–8. doi: 10.1136/annrheumdis-2013-203487

 37. Padovano I, Costantino F, Breban M, D'Agostino MA. Prevalence of ultrasound synovial inflammatory findings in healthy subjects. Ann Rheum Dis. (2016) 75:1819–23. doi: 10.1136/annrheumdis-2015-208103

 38. Dalbeth N, Saag KG, Palmer WE, Choi HK, Hunt B, MacDonald PA, et al. Effects of febuxostat in early gout: a randomized, double-blind, placebo-controlled study. Arthritis Rheumatol. (2017) 69:2386–95. doi: 10.1002/art.40233

 39. 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 Care Res. (2020) 72:744–60. doi: 10.1002/acr.24180

 40. do Prado AD, Bisi MC, Piovesan DM, Bredemeier M, Batista TS, Petersen L, et al. Ultrasound power Doppler synovitis is associated with plasma IL-6 in established rheumatoid arthritis. Cytokine. (2016) 83:27–32. doi: 10.1016/j.cyto.2016.03.014

 41. Andersen M, Ellegaard K, Hebsgaard JB, Christensen R, Torp-Pedersen S, Kvist PH, et al. Ultrasound colour Doppler is associated with synovial pathology in biopsies from hand joints in rheumatoid arthritis patients: a cross-sectional study. Ann Rheum Dis. (2014) 73:678–83. doi: 10.1136/annrheumdis-2012-202669

 42. Thiele RG. Role of ultrasound and other advanced imaging in the diagnosis and management of gout. Curr Rheumatol Rep. (2011) 13:146–53. doi: 10.1007/s11926-010-0156-4

 43. Peiteado D, Villalba A, Martín-Mola E, de Miguel E. Reduction but not disappearance of Doppler signal after two years of treatment for gout. Do we need a more intensive treatment? Clin Exp Rheumatol. (2015) 33:385–90.

 44. Pascual E, Castellano JA. Treatment with colchicine decreases white cell counts in synovial fluid of asymptomatic knees that contain monosodium urate crystals. J Rheumatol. (1992) 19:600–3.

 45. Neogi T, Jansen TLTA, Dalbeth N, Fransen J, Schumacher HR, Berendsen D, et al. 2015 Gout Classification Criteria: an American College of Rheumatology/European League Against Rheumatism collaborative initiative. Arthritis Rheum. (2015) 67:2557–68. doi: 10.1002/art.39254

 46. Hammer HB, Karoliussen L, Terslev L, Haavardsholm EA, Kvien TK, Uhlig T. Ultrasound shows rapid reduction of crystal depositions during a treat-to-target approach in gout patients: 12-month results from the NOR-Gout study. Ann Rheum Dis. (2020) 79:1500–5. doi: 10.1136/annrheumdis-2020-217392

 47. 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 phase 2 (USEFUL-2): duration of flare prophylaxis. Joint Bone Spine. (2020) 87:647–51. doi: 10.1016/j.jbspin.2020.09.014

 48. Cipolletta E, Di Battista J, Di Carlo M, Di Matteo A, Salaffi F, Grassi W, et al. Sonographic estimation of monosodium urate burden predicts the fulfillment of the 2016 remission criteria for gout: a 12-month study. Arthritis Res Ther. (2021) 23:185. doi: 10.1186/s13075-021-02568-x

 49. Marty-Ané A, Norberciak L, Andrès M, Houvenagel E, Ducoulombier V, Legrand J, et al. Crystal deposition measured with dual-energy computed tomography: association with mortality and cardiovascular risks in gout. Rheumatology. (2021) 60:4855–60. doi: 10.1093/rheumatology/keaa920

Conflict of Interest: MA declares consultancies and speaking fees from Menarini and Grünenthal.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Calabuig, Martínez-Sanchis and Andrés. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-795984-t001.jpg
Increased IMT

Atheroma plaque

Variables Total (1=103)  Yes(n=33)  No(n=67) p Yes(n=61) No(n=42) p
Demographic characteristics

Age in years, mean (SD) 62.3(14.1) 70.1 (10.2) 58.3 (14.2) <0.001 68.1(10.8) 539 (14.83)  <0.001
Men, n (%) 94(91.9) 31(93.9) 60(89.6) 0471 55(90.2) 39(92.9) 0,634
White, n (%) 92 (80.3)" 31(93.9) 58(86.6) 0268 55(90.2) 37 88.1) 0738
Clinical characteristics

Serum urate (mg/dL), mean (SD) [n = 101] 82(1.5) 8.1 (1.8 83(1.3) 0.606 82(16) 83(1.4) 0.805
GFR (CKD-EPI, mUminv1.73 m?), mean (SD) 752 (22.4) 695 (18.7) 78.1(23.5) 0.067 706 (22.6) 818(207) 0012
CKD (GFR < 60 mUmin/1.78 m2), n (%) 26(25.2) 11(33.9) 14 (209) 0477 1931.1) 7(16.7) 0,096
CKD stage 4-5 (GFR < 30 mUmin/1.73 m?), n (%) 329 0(0.0) 3(45) 0549 3(4.9) 0(0.0) 0.145
LDL-cholesterol (mg/dL), mean (SD) 112.8 (43.4) 111.4 (46.7) 113.6 (49.2) 0813 110.4 (46.6) 116.3(385) 0946
BMiI (kg/m?), mean (SD) [0 = 98] 30.3(4.5) 30.4 (4.3) 30.4 (4.7) 0988 30.4 (4.6) 30.2 (4.5) 0819
Obesity (BMI = 30), 1 (%) [ = 98] 47 (48.0) 16(53.9) 31(47.0) 0609 27 (47.4) 20(48.8) 089
Tobacco consumption, n (%) [ = 701) 22(21.8) 719 13 (19.7) 0.802 14(233) 8(19.5) 0,648
Hypertension, n (%) 62 (60.2) 22 (66.7) 38 (56.7) 0340 41(67.2) 21 (50.0) 0.079
Diabetes, n (%) 23(22.9) 10(303) 13 (19.4) 0223 21(34.4) 2048 <0.001
Dysiipidernia, n (%) 57 (65.9) 21(63.6) 35 (52.2) 0280 44 (72.1) 13(31.8)  <0.001
Use of diuretics, n (%) 40(38.8) 17(515) 21(31.3) 0051 30(49.2) 10 (23.8) 0.009
Use of lipid-lowering drugs, n (%) 37 (35.9) 14 (42.4) 23(34.9) 0.430 30 (49.2) 7(16.7) 0.001
History of CVD, n (%) 23(22.9) 11(333) 10 (14.9) 0.034 1931.1) 4(95) 0010
SCORE, mean (SD) [n = 9] 4839 7249 3628 <0.001 62(43) 28(2.1) <0.001
FHS, mean (D) [ = 9] 6.4(39 86(4.7) 54(30) <0.001 78(39) 4529) <0.001
Gout-related variables

Years since the first flare, median (QR) [1 = 700] 40(00-100)  40(0.0-100) 40(00-100) 0909  50(00-11.8) 10(00-65)  0.004
Number of flares, median (IQR) [N = 100] 3.0 (1.0-10.0) 20(1.0-50) 35(10-12.8) 0054  40(20-135) 20(1.0-50)  0.009
Number of involved joints, median (QR) 20(1060)  20(1.0-80) 20(1.0-60) 0198  25(1.0-60  20(1.0-30) 0007
Presence of tophi, n (%) [N = 102] 17 (16.7) 5(15.6) 11 (16.4) 0.920 14(23.3) 3@.1) 0.031
Pattern of last flare

Monoarticular, n (%) 58 (56.9) 13 (39.4) 42 (62.7) 0.083 29(47.5) 29(69.0) 0,094
Oligoarticular, n (%) 37359 16 (48.5) 21(31.3) - 26 (42.6) 11(262) -
Polyarticular, n (%) 8(7.8) 4(12.1) 4(6.0) - 6(9.8) 2(4.8) -
Prophylaxis at the time of ultrasound, n (%) 91 (88.3)t 29(87.9) 60 (89.6) 0.801 53(86.9) 38 (90.5) 0577
P values were considered significant below 0.050 (bold).

“Ancestries other than white European: Latin American, n = 4 (3.9%); Arabic, n = 4 (3.9%); Roma, n = 2 (1.9%); Asian, n = 1 (1.0%).

T Lipid-lowering drugs: statins, n = 34 (2 in combination with fibrates and 1 with ezetimibe); fibrates in monotherapy, n

#Prophylactic agents: colchicine, n = 90 (87.4%); prednisone, n = 1 (1.0%).
IMT, intima-media thickness; SD, standard deviation; GFR, glomerular filtration rate; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; CKD, Chronic Kidney Disease; LDL,
low-density lipoprotein; BMI, body mass index; CVD, cardiovascular disease; SCORE, Systematic Coronary Risk Evaluation; FHS, Framingham Heart Study; IQR, interquartile range.
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