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Abstract:	
Objectives: To compare the sensitivity and specificity of different classification criteria for gout in early and late disease.
Methods: This was a case-control study of rheumatology clinic patients in which gout was defined by presence or absence of monosodium urate (MSU) crystals as observed by a certified examiner. Early disease was defined as patient-reported onset of symptoms of 2 years or less. 
Results: Data from 983 patients (509 cases, 474 controls) were collected. Early disease was present in 144 cases and 228 controls. Sensitivity across criteria was better in late disease (95.3% vs 84.1%, p<0.001) and specificity was better in early disease (79.9% vs 52.5%, p<0.001). The overall best performing criteria were the New York criteria with sensitivity/specificity in early and late disease of 100/87.7 and 100/70.1. No criteria that did not require synovial fluid analysis had sensitivity and specificity of more than 80% in both early and late disease. 
Conclusions: Existing classification criteria for gout have sensitivity of over 80% in early and late disease but currently available criteria that do not require synovial fluid analysis have inadequate specificity especially in later disease. Classification criteria for gout with better specificity are required.


Gout is the most common inflammatory arthritis in men and is increasing in prevalence and incidence (1). Most gout is managed in primary care where the diagnosis seldom relies upon identification of MSU crystals.  Therefore, classification criteria that do not require MSU crystal identification would be useful for clinical research conducted in primary care settings. Six classification criteria for gout have been developed but the most widely used is the 1977 American Rheumatism Association criteria (2). 
Current classification criteria have been tested in patient populations with average disease duration of 7 to 10 years (2, 3) or where disease duration was not reported (4-7). However, identification of patients with early disease is likely to be important to test important questions related to early treatment of gout or in order to study the natural history of gout in inception cohorts.
The Study for Updated Gout ClAssification CRiteria (SUGAR) was undertaken as part of an American College of Rheumatology (ACR) and European League Against Rheumatism (EULAR) project to update gout classification criteria (8) and allows a direct comparison of existing criteria in early disease compared to later disease duration.
Methods
Consecutive patients attending a rheumatology clinic with joint swelling or a subcutaneous nodule within the previous 2 weeks, either of which was judged by a clinical investigator to be conceivably due to gout were enrolled into this case-control study. A clinical diagnosis was recorded by the rheumatologist prior to synovial fluid/tissue microscopy. Clinical data including all items within published classification criteria were collected at the index visit.  Each centre received Ethics Committee Approval or Institutional Review Board approval according to local requirements.
Gold-standard for gout (case definition)
All patients underwent arthrocentesis or tissue aspiration for polarizing microscopy to identify MSU crystals. All microscopy was undertaken by observers who had passed a 2-stage MSU-identification certification procedure, which consisted of a web-based crystal recognition test followed by examination of 5 to 8 vials of synovial fluid (SF) from the laboratories of Eliseo Pascual (European centres) or H. Ralph Schumacher (rest of the world). The web-based test was strict and had a high non-pass rate (9). Each SF sample in the second stage needed to be correctly identified as demonstrating MSU crystals or not to achieve certification. 
Cases (gout) were defined as patients with MSU crystals identified by a certified observer. Controls (non-gout) were defined as patients without MSU crystals, irrespective of the clinical diagnosis. Synovial fluid/tissue microscopy by a certified observer was performed within 1 month of the index visit and was blinded to the collection of potential classification items.  
Disease duration
Disease duration was defined by patient self-report of the time since onset of first symptoms. Early disease was defined as symptom onset of no more than 2 years; late disease was defined as symptom duration of more than 2 years. 
Statistical analysis
The comparison criteria sets from published studies were the 1977 ARA preliminary criteria (both survey format and complete format) (2), an abbreviated form of the ARA criteria (Mexico) (10), a criteria set developed in primary care (Netherlands) (4), the Rome and New York (11) criteria and modified versions of the Mexico, Rome and New York criteria that excluded SF or tissue microscopy. The details of these criteria are shown in Supplementary Table 1. The sensitivity and specificity of each criteria set was calculated in early and late disease separately. In addition, a sensitivity analysis that excluded the control patients who had a clinical diagnosis of gout but were MSU crystal negative was performed to check that specificity estimates were not unduly under-estimated by contamination of the control sample with gout cases. It should be noted that specificity is likely to be over-estimated in this analysis.
Statistical comparison of differences in sensitivity or specificity was done using logistic regression in cases (for sensitivity) and controls (for specificity). The ARA (survey) criteria were the reference category for criteria so that the quoted odds ratio are relative to the sensitivity/specificity of the ARA (survey) criteria. Separate regression models were used for early and late disease to compare sensitivity/specificity by disease duration and a full regression model that included disease duration (early/late) as a categorical covariate and as an interaction term was also calculated to assess the overall effect of disease duration on sensitivity and specificity across all criteria sets. For zero cells, 0.5 was added to permit estimation.
Receiver operating characteristic curves were plotted. These are the false positive (proportion of controls classified as cases) and true positive (proportion of cases classified as cases) rates plotted against each other. Plots for each criteria-set were constructed separately for early and late disease.

Results
Twenty-five centres from 16 countries were involved with the data collection.  Data from 983 patients (509 cases, 474 controls) were collected, of whom 702 (71.4%) were male (Table 1). Early disease (2 years or less) was observed in fewer gout cases (144, 28.5%) than non-gout controls (228, 48.5%). Controls had various clinical diagnoses shown in Table 1. 
Across all criteria-sets, later disease was associated with better sensitivity (95.3%) than early disease (84.1%), (OR 4.4, 95%CI 2.5 to 7.8, p<0.001). Conversely, early disease was associated with better specificity (79.9% versus 52.5%), (OR 4.7, 95%CI 2.8 to 7.7, p<0.001). There was no significant interaction between disease duration and particular criteria in respect of sensitivity or specificity.
The sensitivity (Table 2) and specificity (Table 3) for each classification criteria by disease duration are shown. The point estimates for sensitivity and specificity are also shown plotted on a receiver operating characteristic curve (Supplementary Figure 1) and performance of each criteria in the combined data is shown in Supplementary Table 2). Note that criteria which include MSU crystals in synovial fluid or tissue alone as sufficient for classification will show 100% sensitivity by definition, since case-ness in the SUGAR dataset only required demonstration of MSU crystals. Exclusion of MSU crystal examination as a criterion for classification generally led to a marked reduction in sensitivity. Nevertheless, all criteria had adequate sensitivity in later disease. The Netherlands criteria and the version of the Mexico criteria that did not rely upon MSU crystals demonstrated adequate sensitivity even in early disease. Conversely, specificity was generally less satisfactory and worse in later disease, particularly for the Mexico and Netherlands criteria.
Excluding controls with a clinical diagnosis of gout (but who were negative for MSU crystals) specificity estimates improved somewhat to 69.3% to 90.4% (early disease) and 39.3% to 77.1% (later disease) (Supplementary Table 2). The criteria with the best specificity were the New York criteria (90.4% in early disease and 77.1% in later disease). 
Discussion
Early disease is more challenging to accurately classify since not all characteristic features will present early. This analysis of the SUGAR dataset has shown that older gout classification criteria that include MSU examination perform well in late disease and that newer clinical-only classification criteria (Mexico and Netherlands) have fairly good sensitivity even for early disease. Specificity in early disease for all criteria is better than in late disease, but specificity is problematic for well-established disease. 
The context of study is likely to be important when deciding on the optimal sensitivity and specificity of classification criteria. For early phase studies of new treatments of unknown toxicity, criteria with very high specificity is likely to be necessary, whereas epidemiological or outcomes researchers may wish to be more inclusive and value sensitivity over specificity. For studies in early disease, the preferred trade-offs in misclassification also depend on the purpose of the study. Probably intervention studies that aim to test the effectiveness of treatment in early disease would also require highly specific classification criteria.  
A previous study showed the specificity of the clinical versions of the Rome, New York and ARA criteria to be 78.8% to 88.5%, which is somewhat greater than we observed (6). The difference may be due to the selection of patients in that study, who were recruited because they had undergone synovial fluid aspiration at any time (6), leading to the possibility of diagnostic confounding. In another study of the ARA criteria in general practice patients presenting with symptoms possibly due to gout, the specificity was only 64% (5), which is closer to what we observed. It is likely that the large number of controls with CPPD (23% of control group) and inclusion of patients with a clinical diagnosis of gout but negative for MSU crystals as control patients (10%) contributed to the lower specificity estimates observed in our study.
The strengths of this study include the rigorous gold-standard diagnostic test being available in all cases and controls, the large numbers of participants from multiple geographic sites, pertinent comparator diseases, and the comprehensive data collection that allowed classification by multiple criteria sets. In addition, we confirmed specificity estimates in controls without clinical diagnoses of gout. The main limitation is the recruitment of patients from specialist rheumatology centres, which confers unavoidable spectrum bias (likelihood of more severe disease than is seen in primary care).  
Nonetheless, the results of this study suggest that the major problem for existing classification criteria is not so much inadequate sensitivity in early disease but rather low specificity in early and (even more so) in later disease, particularly for criteria that do not require MSU crystal examination. Criteria with better specificity are required, especially for well-established disease.




	Table 1. Participant characteristics

	
	Case (MSU crystals observed, n=509)
	Control (MSU crystals not observed, n=474)

	Time since first episode of symptoms (years), mean (SD)
	8.51 (8.61)
	5.49 (7.45)

	Male (%)
	440 (86%)
	262 (55%)

	Age, mean (SD)
	60.12 (14.75)
	59.31 (15.84)

	Clinical diagnosis*

	Gout
	494
	48

	
	Calcium pyrophosphate deposition disease
	4
	109

	
	Spondyloarthritis
	1
	71

	
	Rheumatoid arthritis
	2
	70

	
	Osteoarthritis
	3
	69

	
	Undifferentiated arthritis
	1
	60

	
	Other
	2
	31

	
	Septic arthritis
	2
	10

	
	Systemic Lupus Erythematosus
	0
	5

	Ethnicity
	White/European/Caucasian
	347
	276

	
	African/Black
	12
	11

	
	Hispanic
	23
	21

	
	South Asian
	47
	38

	
	East Asian
	67
	113

	
	Pacific Island
	3
	1

	
	Other indigenous
	3
	4

	
	Other
	7
	10


* Clinical diagnosis was independent of MSU crystal identification
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	Table 2. Sensitivity of criteria sets, by duration of symptoms (n, %)

	 
	Up to 2 years
	OR (95% CI)*
	More than 2 years
	OR (95% CI)*

	ROME
	131
	(92.9%)
	5.4 (2.5,11.4)
	350
	(99.4%)
	16.1 (3.8, 68.6)

	ROME (2 of 3 clinical)
	85
	(60.3%)
	0.62 (0.37, 1.04)
	297
	(84.4%)
	0.5 (0.3, 0.8)

	NEW YORK†
	144
	(100.0%)
	117.8 (7.1, 1944.4)
	362
	(100.0%)
	66.8 (4.0, 1100.6)

	NEW YORK (2 of 4 clinical)
	83
	(57.6%)
	0.56 (0.3, 0.9)
	315
	(87.5%)
	0.6 (0.4, 1.07)

	ARA (full)†
	144
	(100.0%)
	117.8 (7.1, 1944.4)
	362
	(100.0%)
	66.8 (4.0, 1100.6)

	ARA (survey)
	88
	(71.0%)
	REF
	282
	(91.6%)
	REF

	NETH
	124
	(87.9%)
	3.0 (1.6, 5.6)
	333
	(96.0%)
	2.2 (1.1, 4.3)

	MEX (clinical)
	123
	(87.2%)
	2.8 (1.5, 5.2)
	342
	(98.6%)
	6.3 (2.4, 16.6)

	MEX (full)†
	144
	(100.0%)
	117.8 (7.1, 1944.4)
	362
	(100.0%)
	66.8 (4.0, 1100.6)

	* OR represent the odds of each criteria being positive vs being negative in cases compared to the ARA (survey) criteria. Higher OR means that the criteria are more sensitive than the ARA (survey) criteria.
 †These criteria can be fulfilled with presence of MSU crystals alone



	Table 3. Specificity of each criteria, by duration of symptoms (n, %)

	 
	Up to 2 years
	OR (95% CI)*
	More than 2 years
	OR (95% CI)*

	ROME
	171
	(86.4%)
	1.3 (0.7, 2.0)
	131
	(63.6%)
	1.7(1.0, 2.5)

	ROME (2 of 3 clinical only)
	171
	(86.4%)
	1.3(0.7, 2.0)
	131
	(63.6%)
	1.7 (1.0, 2.5)

	NEW YORK
	199
	(87.7%)
	1.4 (0.8, 2.5)
	169
	(70.1%)
	2.0 (1.4, 3.3)

	NEW YORK (2 of 4 clinical)
	199
	(87.7%)
	1.4 (0.8, 2.5)
	169
	(70.1%)
	2.0 (1.4, 3.3)

	ARA (full)
	107
	(85.6%)
	1.1 (0.6, 2)
	67
	(47.2%)
	0.8 (0.5, 1.30.8, 2.0)

	ARA (survey)
	147
	(84.0%)
	REF
	97
	(53.0%)
	REF

	NETH
	148
	(75.1%)
	0.6 (0.3, 1.0)
	96
	(47.1%)
	0.8 (0.5, 1.1)

	MEX (clinical)
	130
	(66.3%)
	0.4 (0.2, 0.6)
	70
	(34.3%)
	0.5 (0.3, 0.7)

	MEX
	130
	(66.3%)
	0.4 (0.2, 0.6)
	70
	(34.3%)
	0.5 (0.3, 0.7)

	* OR represent the odds of each criteria being negative vs being positive in controls compared to the ARA (survey) criteria. Higher OR means that the criteria are more specific than the ARA (survey) criteria.



	Supplementary Table 1. Existing classification criteria for gout

	Rome (1963)

	1. Serum uric acid >7mg/dl (male) or >6mg/dl (female)

	2. Presence of tophi

	3. MSU crystals in synovial fluid or tissue

	4. History of attacks of painful joint swelling  with abrupt onset and resolution within two weeks

	TWO OR MORE criteria required

	New York (1968)

	1. At least two attacks of painful joint swelling with  complete resolution with two weeks

	2. A history or observation of podagra

	3. Presence of tophi

	4. Rapid response to colchicine treatment, defined as  a major reduction in the objective signs of inflammation within 48 hours

	TWO OR MORE criteria required
OR MSU crystals in synovial fluid or tissue

	ARA (full) (1977)

	1. More than one attack of acute arthritis

	2. Maximum inflammation developed within one day

	3. Monoarthritis attack

	4. Redness observed over joints

	5. First metatarsophalangeal joint painful or swollen

	6. Unilateral first metatarsophalangeal joint attack

	7. Unilateral tarsal joint attack

	8. Tophus (suspected or proven) 

	9. Hyperuricemia

	10. Asymmetric swelling within a joint on x-ray

	11. Subcortical cysts without erosions on xray

	12. Joint fluid negative for organisms during attack

	SIX OR MORE criteria required 
OR MSU crystals in joint fluid or tophus

	ARA (survey) (1977)

	1. More than one attack of acute arthritis

	2. Maximum inflammation developed within one day

	3. Oligoarthritis attack

	4. Redness observed over joints

	5. First metatarsophalangeal joint painful or swollen

	6. Unilateral first metatarsophalangeal joint attack

	7. Unilateral tarsal joint attack

	8. Tophus (suspected or proven) 

	9. Hyperuricemia

	10. Asymmetric swelling within a joint on x-ray

	11. Complete termination of an attack

	SIX OR MORE criteria required

	Mexico (2011)	

	1. More than 1 attack of arthritis

	2. Rapid onset of pain and swelling (less than 24 hours)

	3. Mono and/or oligo-articular attacks 

	4. Podagra

	5. Joint erythema

	6. Unilateral tarsal joint attack

	7. Tophus (suspected or proven)

	8. Hyperuricemia (more than 2 SD greater than the normal population average)

	FOUR OR MORE criteria required 
OR MSU crystal identification	

	Netherlands (2010)

	2 Male sex

	2 Previous patient reported arthritis attack

	0.5 Onset within one day

	1 Joint redness

	2.5 MTP1 involvement

	1.5 Hypertension or more than 1 cardiovascular disease

	3.5 Serum uric acid level > 5.88 mg/dL

	13 Presence of a tophus

	Each item contributes its weighted score as shown. A summed score of 4 or less excludes gout; 8 or more suggests gout; between 4 and 8 suggests need for synovial fluid analysis. 





	Supplementary Table 2. Overall performance of each classification criteria set (combined early and late disease)

	
	Sensitivity (%)
	Specificity (%)
	AUC (95%CI)*
	Not able to be classified (%)

	ROME
	97.6
	74.5
	0.87 (0.84, 0.90)
	8.1

	ROME (2 of 3 clinical only)
	77.6
	74.5
	0.77 (0.73, 0.81)
	8.1

	NEW YORK
	100.0
	78.4
	0.89 (0.86, 0.92)
	0.2

	NEW YORK (2 of 4 clinical)
	78.9
	78.4
	0.79 (0.76, 0.83)
	0.5

	ARA (full)
	100.0
	64.8
	0.83 (0.79, 0.86)
	20.8

	ARA
	85.7
	68.1
	0.79 (0.75, 0.83)
	19.2

	MEX (Clinical)
	95.3
	49.5
	0.74 (0.70, 0.78)
	9.1

	MEX
	95.3
	49.5
	0.76 (0.72, 0.80)
	7.1

	NETH
	93.7
	60.7
	0.78 (0.74, 0.82)
	9.0

	* Area under the curve of a receiver operating characteristic curve. Values of 1 indicate that the criteria perfectly discriminate between cases and controls and values of 0.5 indicate that the discrimination is no better than chance.




	Supplementary Table 3. Specificity of each criteria, having excluded controls with a clinical diagnosis of gout

	 
	Up to 2 years (n, %)
	More than 2 years (n, %)

	ROME
	162
	(90.0%)
	126
	(70.0%)

	ROME (2 of 3 clinical only)
	162
	(90.0%)
	126
	(70.0%)

	NEW YORK
	188
	(90.4%)
	162
	(77.1%)

	NEW YORK (2 of 4 clinical)
	188
	(90.4%)
	162
	(77.1%)

	ARA (full)
	102
	(86.4%)
	66
	(51.6%)

	ARA (survey)
	141
	(87.6%)
	96
	(58.2%)

	MEX (clinical)
	124
	(69.3%)
	70
	(39.3%)

	MEX
	124
	(69.3%)
	70
	(39.3%)

	NETH
	141
	(78.8%)
	93
	(52.2%)






Supplementary Figure 1. Performance of each criteria-set is shown on a receiver operating characteristic curve. [A] Disease duration less than or equal to 2 years; [B] disease duration greater than 2 years. 
	[A]

	[B]
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