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What was previously known:

Non-pharmacological measures (NPM) are recommended to reduce hyperuricemia. Like other urate-lowering therapies these measures are under-used in the management of gout.

Results:

The study included 630 patients: 80.7% were obese or overweight, 51% reported excessive alcohol consumption. Physicians identified fewer modifiable risk factors than their real prevalence in the cohort. Physicians proposed NPM to 57% of patients, particularly diet modifications (46.4%).

Increasing physical activity (p<0.0001) was the best followed NPM. The physician's influence in the decision of starting NPM was more frequent among GPs' patients (p=0.01). Three patients' compliance profiles were identified. "Very good responders" (55.8%) implemented all the proposed NPM. "Good responders" (12.7%) had a more severe disease and followed the proposed NPM, but for alcohol consumption. "Bad responders" (31.5%) didn't modify their life style: these were older patients with a very recent gout diagnosis.

Conclusion:

More personalized care about NPM requires adapting the practitioner's approach to patients' compliance profiles, especially elderly patients with recent gout. 

Introduction

Gout is the commonest inflammatory arthritis in adults with a constantly increasing prevalence in Western countries (0.9% to 4.5%) (1)(2) [START_REF] Bardin | Prevalence of Gout in the Adult Population of France[END_REF]. It is caused by the deposition of monosodium urate crystals in tissues, within and around joints, favored by chronic hyperuricemia (>6.0 mg/dL) [START_REF] Shiozawa | Serum Uric Acid and the Risk of Incident and Recurrent Gout: A Systematic Review[END_REF]. The cause of hyperuricemia is genetic (mostly defect in renal elimination), and due to a mix of environmental (medications, alcohol, diet), gender (sex hormone effects), and comorbid factors (hypertension, obesity, metabolic syndrome, diabetes). Many of this factors can be modified: reducing consumption of food rich in purines or in fructose (which induces uric acid production), of alcohol and beers, of fructosesweetened soft drinks, and increase physical activity [START_REF] Williams | Effects of diet, physical activity and performance, and body weight on incident gout in ostensibly healthy, vigorously active men[END_REF] [START_REF] Desideri | The management of hyperuricemia with urate deposition[END_REF].

Gout management includes the treatment of acute episodes [START_REF] Wechalekar | The efficacy and safety of treatments for acute gout: results from a series of systematic literature reviews including Cochrane reviews on intraarticular glucocorticoids, colchicine, nonsteroidal antiinflammatory drugs, and interleukin-1 inhibitors[END_REF], and then the prevention of new attacks and joint destruction by decreasing serum uric acid level with drugs [START_REF] Becker | Determinants of the clinical outcomes of gout during the first year of urate-lowering therapy[END_REF]. The European League Against Rheumatism (EULAR) recommends and supports the association of pharmacological treatments to decrease serum uric acid level with non-pharmacologic measures (NPM) that act on the modifiable risk factors of hyperuricemia (9) [START_REF] Zhang | 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)[END_REF] [START_REF] Richette | updated EULAR evidence-based recommendations for the management of gout[END_REF]. Indeed, body weight reduction and dietary changes can lead to a reduction of the serum uric acid level to about 1.0 mg/dL (12)(13) or a lower risk for gout [START_REF] Rai | The Dietary Approaches to Stop Hypertension (DASH) diet, Western diet, and risk of gout in men: prospective cohort study[END_REF].

The study GOSPEL (Goutte -Observation des Stratégies de Prise en charge En médecine ambuLatoire;

Gout -Observation of the primary care management strategies) allowed the constitution of a prospective cohort to study the features of patients with gout and their management by general practitioners (GP) and private-practice rheumatologists (RH) in France (15)(16) [START_REF] Goossens | GOSPEL 3: Management of gout by primary-care physicians and office-based rheumatologists in France in the early 21st century -comparison with 2006 EULAR Recommendations[END_REF], and to compare with recent 2008 EULAR recommendations for gout management However, NPM within the GOSPEL cohort have not been studied yet.

The main objective of the present study was to describe the NPM proposed by physicians for gout management as well as their implementation by patients of the GOSPEL cohort after 3-6 months. The secondary objective was to identify patients' profiles based on their NPM compliance.
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2-Methods

GOSPEL study

The GOSPEL cohort was constituted between October 2008 and September 2009 [START_REF] Lioté | GOSPEL: prospective survey of gout in France. Part I: design and patient characteristics (n = 1003)[END_REF]. Its objective was to study the primary care management of gout in France. This was a French national epidemiological, transversal study that included 1003 patients with gout, selected by a representative sample of 398 GP and 109 RH. Each physician included two consecutive patients who consulted for acute or chronic gout.

Data were collected in two steps. The first step involved the clinical evaluation (structured questionnaire completed by the physician) and a self-questionnaire (SQ1) filled in by the patients within 15 days after inclusion. Then (step 2), after 3 to 6 months, the second structured questionnaire and self-questionnaire (SQ2) were completed during a new visit or by telephone. The structured questionnaires concerned the patient's sociodemographic characteristics, comorbidities and usual treatments, gout history, available clinical laboratory data, modifiable risk factors of hyperuricemia, current gout management, compliance and gout clinical course. The self-questionnaires concerned the patient's lifestyle and the NPM introduced after the first visit.

GOSPEL data used for this study

For this ancillary observational study, data on the modifiable risk factors of hyperuricemia identified by the physicians and the NPM proposed to each patient were included (structured questionnaires). These data were coded in categories after text analysis and were stored in the GOSPEL database. Other relevant data extracted from the structured questionnaires were: sex, age, body mass index (BMI), reason for the consultation (acute gout, chronic gout flare, other), history of the gout disease, presence of comorbidities, modifications of the usual treatment (particularly, stopping a diuretic treatment).

The data extracted from the patients' SQ1 and SQ2 were: practice of a physical activity and time dedicated to this activity per week; dietary changes; quantification of alcohol consumption (in g/day) and changes after the diagnosis of gout; consumption of alcohol-free beer and sweetened soft drinks; and consumption of food rich in purines [START_REF] Dalbeth | Discordant American College of Physicians and international rheumatology guidelines for gout management: consensus statement of the Gout, Hyperuricemia and Crystal-Associated Disease Network (G-CAN)[END_REF]. Excessive alcohol consumption was defined as more than three glasses of alcohol per day for men and two glasses of alcohol per day for women [START_REF] Organization | Global Status Report on Alcohol and Health[END_REF].
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In the case of modification of a lifestyle feature, the patient estimated the physician's influence in this decision.

Analyses

Qualitative variables were described as numbers and percentages; quantitative variables as numbers, means and standard deviation. For group comparisons (RH vs GP), the chi square and Fisher's exact tests were used for qualitative variables, and the Student's t test for quantitative variables. Paired tests (Student's t test for quantitative variables, McNemar's test for qualitative variables) allowed comparing the number of NPM proposed at inclusion and the number still followed by the patients after 3-6 months.

Descriptive statistics were performed using SAS, version 9.4. A p value <0.05 was considered as significant.

Patient profiles in function of their NPM compliance were determined by multiple correspondence analysis (MCA), followed by hierarchical clustering analysis (HCA). HCA grouping is done by "minimum leaps" bringing together 2 to 2 patients whose data are closest to form classes [START_REF] Escofier | Analyses factorielles simples et multiples ; objectifs, méthodes et interprétation[END_REF]. Analysis were performed using FactoMineR package for R. This analysis included only patients without missing data. The MCA was based on the following eight NPM, defined as "active variables": increasing physical activity, reducing the consumption of alcohol, soft drinks, offal, red meat, game meat and charcuterie, and mushrooms, and increasing the consumption of dairy products. Then, the HCA was performed to group patients with similar profiles. These clusters were described by taking into account the patients' sociodemographic and clinical data.

Ethics and regulatory considerations

The GOSPEL project was approved by the Commission Nationale Informatique et Libertés (French data protection authority -number CNIL2007) and the physicians' financial compensation was accepted by the Conseil National de l'Ordre des Médecins (French Board of Physicians). Patient's written informed consent was obtained to be involved in GOSPEL cohort and to keeping data for scientific use.
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Role of the funding source

The sponsors had no role in the decision to submit this manuscript.

3-results

Patients' characteristics

Among the 1003 patients included in the GOSPEL study, only 630 were selected for this study on the basis of the availability of all four (inclusion and follow-up) questionnaires [Appendix A, fig; S1; See the supplementary material associated with this article online]. This population included mainly men (89.0%) and had a mean age of 62.9 ± 11.3 years, without significant difference between patients seen by a GP or by a RH (Table 1). The mean BMI was 28.5 ± 4.3 kg/m², and 51.1% of patients were overweight (BMI ≥25kg/m²) and 29.6% obese (BMI ≥30kg/m²). Dyslipidemia and diabetes were more frequent among patients with gout followed by a GP compared with those seen by a RH ((p=0.002 and p=0.023, respectively). Conversely, patients with a diagnosis of chronic kidney disease were more numerous in the RH group (p=0.005). Overall, patients were mostly sedentary (76.5% of them answered «no» to the question concerning the practice of a sports activity). Among the 148 patients who practiced a physical activity, 23.5% quantified this activity to less than 1 hour per week, and 36.4% between 1 and 2 hours per week. Excessive alcohol consumption concerned 24.2% of women and 54.1% of men.

Modifiable risk factors of hyperuricemia and NPM proposed by physicians

Physicians identified at least one modifiable risk factor of hyperuricemia in 46.3% of patients (45.8% of all patients seen by a GP and 48.3% of all patients seen by a RH) (Table 2).

Physicians proposed to 57% of patients to put in place at least one NPM. The NPM types recommended by GP and RH were comparable, but for the suggestion to increase physical activity (more frequently proposed by RH; p=0.02), and to change diet and decrease purine intake (more frequently suggested by GP; p=0.005 and p=0.008, respectively). Specifically, dieting was proposed to 26.8% and 14.3% of patients with overweight (BMI ≥25 kg/m 2 ) by GP and RH, respectively. Physicians identified fewer risk factors than their real prevalence within the cohort. For example, 80.7%
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of patients were overweight or obese, but this risk factor was identified only in 5.3% of patients. Moreover, they suggested dieting only to 22.2% of all patients. Alcohol consumption was excessive in 51% of patients but was identified as a risk factor by physicians in 16.3% of them, and only 8.6% of patients received the recommendation of decreasing its intake. The measure "reducing sweetened soft drinks" was proposed to 0.4% of patients, although 28.9% reported their consumption. Conversely, the consumption of food rich in purines was better monitored. It was identified by physicians in 8.1% of patients and was the objective of a NPM in 8.4% of the cases.

Non-pharmacological measures targeted by patients and their compliance

At inclusion (SQ1) and then 3-6 months later (SQ2), the priority measure targeted by patients was reducing the consumption of offal/game meat/charcuterie (Table 3). Patients said that they improved their compliance for several targeted NPM: diet (p=0.03), physical activity increase (p<0.0001), and alcohol consumption reduction (p=0.001). The physician's influence in the decision of starting a diet was described as "full" by 51% of patients, "partial" by 44.2% and «non-existent» by 4.8% of patients.

The "full" influence was more frequent among patients followed by a GP (p=0.01).

Patient profiles in function of their NPM compliance

The hierarchical clustering analysis concerned 387 patients without missing data on the 8 NPM (Figure 1). These analyses allowed the identification of three clusters or patient profiles (Table 4 and Appendix A, Fig. S2). Cluster 1 included patients considered as "very good responders" (55.8%): they followed most of the proposed NPM, with the exception of increasing the consumption of dairy products. Cluster 2 included patients defined as "good responders" (12.7%) who adopted all proposed NPM, including increasing the consumption of dairy products, but who were less disposed to reduce the alcohol intake. Cluster 3 grouped patients considered as "bad responders" (31.5%) who tended not to modify their lifestyle.

"Very good responders" (cluster 1) had more frequently diabetes and dyslipidemia, compared with "bad responders" (cluster 3) (Table 5). "Good responders" (cluster 2) seemed to be more affected by gout compared with the other two profiles: higher number of attacks per year, more tophi, more consequences,
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and more consultations. "Bad responders" (cluster 3) were older and with a more recent disease. In this cluster, the number of patients who did not receive any lifestyle recommendation by their doctor was higher than in the other clusters.

4-Discussion

A total of 57% of physicians proposed at least one NPM for gout management but physicians identified fewer modifiable risk factors of hyperuricemia than those actually present in their patients. For example, 80.7% of patients were overweight or obese (Table 1; compared with 13.1% of the general population [START_REF] Charles | Monitoring the obesity epidemic in France: the Obepi surveys 1997-2006[END_REF]), but this risk factor was identified only in 5.3% of patients (Table 2). These are well-known modifiable risk factors of hyperuricemia that were nevertheless under-reported by both GP and RH. On the other hand, soft drink consumption could have been overlooked because the information about their role in gout is recent [START_REF] Choi | Soft drinks, fructose consumption, and the risk of gout in men: prospective cohort study[END_REF] and was not included in the EULAR recommendations for 2006. Conversely, the consumption of food rich in purines (classical knowledge) was better monitored, possibly because this is among the gout causes classically taught in medical schools.

Physicians identified fewer modifiable risk factors as previously reported (17) but more precisely analyzed in our study. They implemented very few NPM or have made specific suggestions to their patients. The inadequate search of modifiable risk factors and consequently the insufficient number/limited scope of the proposed NPM are not specific to France. In the study by Roddy et al, only half of the patients reported having received recommendations concerning alcohol consumption, weight loss or diet adaptation [START_REF] Roddy | Concordance of the management of chronic gout in a UK primary-care population with the EULAR gout recommendations[END_REF]. Similarly, only 17.4% of the 321 patients with gout included in an Australian study declared to have benefitted from suggestions concerning their lifestyle by their physician [START_REF] Jeyaruban | Prevalence of comorbidities and management of gout in a tropical city in Australia[END_REF].

Altogether, data from our study highlight the physicians' poor knowledge (both GP and RH) about these recommendations.

Interestingly, patients followed NPM according to three profiles, classified from "very good" to "bad" responders. Patients mainly targeted NPM concerning the consumption of alcohol and of some foods rich in purines (offal, game meat, cold meats and delicatessen), which are commonly known by the
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general population. Overall, patients targeted more often the physical activity increase and the diet implementation, which are measures routinely suggested for chronic diseases. Nevertheless, half of the patients did less than two hours of physical activity per week, which is below the recommendation of 150 minutes of moderate intensity activity per week [START_REF]Global Recommendations on Physical Activity for Health[END_REF]. The compliance for other NPM remained stable between inclusion and follow-up at 6 months, suggesting that patients can implement them on the long-term.

For the first time, we have identified three patient profiles that could help physicians to adapt their explanations/recommendations in function of the patient typology. We did not find any specific sociodemographic feature for the "very good responders" who followed most of NPM (55.8%). As this group included more patients with diabetes and dyslipidemia than the "bad responders" group, we could hypothesize that they are more aware of the need of lifestyle changes. There are obvious differences in terms of body phenotypes between French and US populations: variations in terms of prevalence of diabetes, hypertension and obesity are found in both directions [START_REF] Schneider | Trends and stabilization up to 2022 in overweight and obesity in Switzerland, comparison to France, UK, US and Australia[END_REF] [START_REF] Nyberg | Comorbidity Burden in Trial-Aligned Patients with Established Gout in Germany, UK, US, and France: a Retrospective Analysis[END_REF]. These variations could make it possible to discuss the transposition of our results to each country, however the impact on the global relevance could be discussed for specific conclusions, but not for the overall patient's and physician's behaviors. Among "good responders", the symptom intensity and the gout professional, social and psychological consequences could have motivated their lifestyle change to better control their disease. Nevertheless, "good responders" were less keen to decrease their alcohol consumption than the "very good responders", suggesting the presence of dependence, particularly because the other NPM were well accepted and followed. It should be noted that in the GOSPEL cohort, excessive alcohol consumption was defined according to French recommendations as more than three glasses of alcohol per day for men and two glasses of alcohol per day for women while it is two and one, respectively, in United States. The prevalence of heavy drinking in the cohort would therefore be higher according to the definition in other countries. NPM implementation was more difficult among "bad responders".

Physicians should monitor better these patients and devote more time to explain the therapeutic path and create a therapeutic partnership.

The strengths and limits of the GOSPEL cohort have been described previously [START_REF] Lioté | GOSPEL: prospective survey of gout in France. Part I: design and patient characteristics (n = 1003)[END_REF]. This ancillary study described the physicians' practices and NPM implementation and compliance by patients.
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Nevertheless, it was an observational study and, therefore, did not allow demonstrating links between the physician's action (explanations/recommendations of some NPM) and the patients' lifestyle modifications. Moreover, data on the recommended NPM were collected by using open-ended questions that were then coded. This could have led to a lower precision or loss of information. With the exception of alcohol, the other NPM were not evaluated quantitatively. Therefore, the patients' responses and their coding are sources of bias. In addition, we could hypothesize that the patients who filled in the two questionnaires were potentially more involved in gout management than patients who were lost to follow-up or with missing data. Three clusters were identified for this study. Beyond three, the grouping did not seem homogeneous enough (long aggregation distances, Fig S2). Clusters could have been set up at the lower level, which seemed less relevant for carrying out a typology of homogeneous patients with an objective of interest results for practice. An interventional study with a control group and a longer follow-up could be useful to assess the effect of implementing NPM by physicians and the longterm maintenance of lifestyle changes by patients. Moreover, it could be useful also to assess NPM effect on the control of serum uric acid level because only few studies on small populations are currently available [START_REF] Holland | Comprehensive dietary education in treated gout patients does not further improve serum urate[END_REF].

For the practice, it could be summarized as: propose more NPM and personalize the management of gout. A better identification of risk factors is a key step during the consultation that should allow physicians to propose more NPM. Particularly, we recommend the systematic calculation of the BMI during a gout consultation as well as questioning about alcohol and high fructose-content soft drink consumption because of their association with hyperuricemia [START_REF] Neogi | Alcohol Quantity and Type on Risk of Recurrent Gout Attacks: An Internet-based Case-crossover Study[END_REF]. A better knowledge of hyperuricemia physiopathology should facilitate the identification and memorization of the modifiable risk factors (29), and consequently the recommendation of adapted NPM.

The identification of three NPM compliance profiles could modify the physicians' practice towards a more personalized management of patients with gout. For example, physicians should monitor better "bad responders" by devoting more time to explain the therapeutic path and create a therapeutic partnership.

Ethics approval and consent to participate: The GOSPEL project was approved by the 

  Commission Nationale Informatique et Libertés (French data protection act) and the physicians' financial compensation was accepted by the Conseil National de l'Ordre des Médecins (French order of physicians).Consent for publication: Not applicable. rheumatologists who contributed to data collection; and the patients who agreed to participate in the study.

Figure 1 .

 1 Figure 1. Patients' distribution in the three clusters (n=387).

Table 1 :

 1 Characteristics of the included patients

	n	%

Table 2 :

 2 Modifiable risk factors of hyperuricemia identified by the physicians and targeted NPM

	Modifiable risk factors	n	%	NPM targeted by the	n	%
	identified by the physician			physician		
	(n=620)			(n=599, open-ended		
				questions)		
	Rich food	169	27.3	Lifestyle/diet changes	294	49.1
	Alcohol consumption	101	16.3	Diet changes	278	46.4
	Purine consumption	50	8.1	Weight-loss diet	129	22.2
	Diuretics	45	7.3	Alcohol reduction	49	8.6
	Overweight	33	5.3	Physical activity	36	6.3
	Absence of physical activity	7	1.1	Stopping diuretics $	23	3.9
	Beer consumption	5	0.8	Beer reduction	5	0.9
	Soft drink consumption	1	0.2	Soft drink reduction	2	0.4
	$ if used for other indication than heart failure			

Table 3 :

 3 Measures put in place at inclusion and followed by the patients after 3 -6 months (n = 618)patients responses (yes/no)

	Measure at inclusion, n (%)	SQ1	SQ2	p
	Diet (followed or planned)	268 (43.0)	296 (47.9)	p = 0.030
	Increase of physical activity	30 (5.1)	150 (25.4)	p < 0.0001*
	Reduced consumption of			
	Offal	315 (67.7)	309 (66.5)	p = 0.59
	Game meat/Charcuterie	336 (60.6)	368 (66.4)	p = 0.017*
	Alcohol	285 (51.6)	309 (56.0)	p = 0.09
	Alcohol consumption, g/day (mean ± SD)	31.9 ± 31.3	26.1 ± 31.3	p = 0.001*
	Red meat	209 (34.6)	221 (36.5)	p = 0.38
	Mushrooms	53 (10.5)	89 (17.6)	p = 0.0001*
	Increased consumption of			
	Dairy products	43 (7.3)	45 (7.6)	p = 0.78
	SQ: self-questionnaire; SD: standard deviation, * : p< 0.05.		

Table 4 .

 4 Description of patient clusters relative to the eight NPM compliance (n = 387)

	NPM, n (%)	Cluster 1	Cluster 2	Cluster 3
		"Very good	"Good	"Bad responders"
		responders"	responders"	(n = 122)
		(n = 216)	(n = 49)	
	Increased physical activity	94 (43.5)	20 (40.8)	15 (12.3)
	Reduced consumption of			
	Offal	209 (96.8)	45 (91.8)	51 (41.8)
	Alcohol	203 (94.0)	40 (81.6)	30 (24.6)
	Sugary/soft drinks	128 (59.3)	26 (53.1)	13 (10.7)
	Mushrooms	69 (31.9)	16 (32.7)	1 (0.8)
	Game meat/Charcuterie	210 (97.2)	42 (85.7)	55 (45.1)
	Red meat	143 (66.2)	26 (53.1)	33 (27.0)
	Increased consumption of			
	Dairy products	0 (0.0)	49 (100.0)	0 (0.0)
	NPM: non-pharmacological measures.			

Table 5 .

 5 Description of the clusters in function of the patients' characteristics (n=387)

	Cluster 1	Cluster 2	Cluster 3
	(n =216)	(n = 49)	(n = 122)
	"Very good	"Good	"Bad
	responders"	responders"	responders"
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