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Abstract

Objective—To determine which clinical, laboratory and imaging features most accurately 

distinguished gout from non-gout.

Methods—A cross-sectional study of consecutive rheumatology clinic patients with at least one 

swollen joint or subcutaneous tophus. Gout was defined by synovial fluid or tophus aspirate 

microscopy by certified examiners in all patients. The sample was randomly divided into a model 

development (2/3) and test sample (1/3). Univariate and multivariate association between clinical 

features and MSU-defined gout was determined using logistic regression modelling. Shrinkage of 

regression weights was performed to prevent over-fitting of the final model. Latent class analysis 

was conducted to identify patterns of joint involvement.

Results—In total, 983 patients were included. Gout was present in 509 (52%). In the 

development sample (n=653), these features were selected for the final model (multivariate OR) 

joint erythema (2.13), difficulty walking (7.34), time to maximal pain < 24 hours (1.32), resolution 

by 2 weeks (3.58), tophus (7.29), MTP1 ever involved (2.30), location of currently tender joints: 

Other foot/ankle (2.28), MTP1 (2.82), serum urate level > 6 mg/dl (0.36 mmol/l) (3.35), 

ultrasound double contour sign (7.23), Xray erosion or cyst (2.49). The final model performed 

adequately in the test set with no evidence of misfit, high discrimination and predictive ability. 

MTP1 involvement was the most common joint pattern (39.4%) in gout cases.

Conclusion—Ten key discriminating features have been identified for further evaluation for 

new gout classification criteria. Ultrasound findings and degree of uricemia add discriminating 

value, and will significantly contribute to more accurate classification criteria.

Keywords

Gout; classification criteria; diagnostic ultrasound

Gout is the most common inflammatory arthritis in men and is increasing in prevalence (1, 

2). Most gout worldwide is managed in primary care where disease identification seldom 

relies upon identification of monosodium urate (MSU) crystals because synovial fluid or 

polarizing light microscopy may not be easily obtainable (2). Therefore highly sensitive and 

specific classification criteria that do not require microscopic MSU crystal identification 

Taylor et al. Page 2

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



would be useful for clinical research conducted in epidemiological or primary care settings. 

Six classification criteria for gout have been developed, with the most widely used one being 

the 1977 American Rheumatism Association (ARA) criteria (3, 4).

However, there are significant limitations to the ARA criteria. These include the use of only 

patients with selected diagnoses (rheumatoid arthritis (RA), calcium pyrophosphate 

deposition disease (CPPD) and acute septic arthritis) as controls even though other 

rheumatic diseases may be amongst the group of patients or respondents for which such 

classification criteria for gout need to be applied. Only 47% of the controls had synovial 

fluid examination to confirm absence of MSU crystals.

The gold-standard chosen for the ARA classification criteria was physician diagnosis. In this 

way, the performance of synovial fluid microscopy could be examined. Only in 76 of 90 

(84%) gout patients in whom synovial fluid was examined were MSU crystals identified. It 

is possible that excellent treatment of some patients led to clearance of MSU crystals, but 

the lower than expected sensitivity of synovial fluid analysis raises questions about the 

physician diagnosis (did the crystal-negative patients really have gout?) or the quality of the 

synovial fluid analysis. Many patients had incomplete data.

The ARA criteria were not tested in an external sample prior to publication, and thus were 

“preliminary” criteria. Subsequent external validation of the ARA survey criteria against a 

gold standard of synovial fluid analysis has been reported in two studies. In these studies the 

sensitivity was 70% and 80%, specificity was 78.8% and 64%, respectively (5, 6). Poor 

specificity is especially problematic in studies that seek to enroll patients into trials of new 

therapeutic agents, especially those with potential and unknown safety issues. It is important 

that patients accurately classified with gout are enrolled into studies to minimize 

inappropriate exposure to such drugs.

Due to the limitations of current criteria, ACR and EULAR have funded a project to update 

gout classification criteria (4). The Study for Updated Gout ClAssification CRiteria 

(SUGAR), undertaken as part of the gout classification project was designed to determine 

the performance of possible items that could discriminate between gout and non-gout, 

including diagnostic ultrasound findings. This study represents the first phase of the effort to 

develop updated classification criteria, aiming to identify the pertinent items to be 

considered for further evaluation and to assist with decision making in that evaluation. In 

addition, we examined the distribution of joint involvement amongst gout and non-gout 

patients to help distinguish patterns of joint involvement that should be considered in 

developing new criteria. It is important to re-iterate the difference between classification 

criteria, which are designed for entry into clinical studies, and diagnosis, which is a process 

that involves clinical care. The distinctions are more fully explained in existing literature (7–

9). The work in the present study concerns classification criteria rather than diagnosis.

The second phase of the project consists of an expert-based selection and weighting process, 

informed by the SUGAR study results that will determine the new gout classification criteria 

that we aim to have endorsed by both ACR and EULAR. The second phase together with the 

final criteria will be reported separately.
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Patients and Methods

Consecutive patients attending a rheumatology clinic with all of the following: a main 

complaint of joint(s) pain and swelling; GP or rheumatologist judges that gout is a possible 

differential diagnosis because of joint pain and swelling; patient has joint swelling currently 

or within the last 2 weeks or a possible tophus; there are no contraindications to 

arthrocentesis in the opinion of the clinical investigator, were enrolled into this crosss-

ectional study. At the visit, clinical manifestations and a clinical diagnosis were recorded 

using standardized case record forms, prior to synovial fluid (or tissue) microscopy by a 

certified observer (see below for how observers were certified). Each centre received Ethics 

Committee Approval or Institutional Review Board approval according to local 

requirements. Informed consent was obtained from participants according to the 

requirements of local Ethics Committee or Institutional Review Board. The STAndards for 

the Reporting of Diagnostic accuracy studies (STARD) statement was used to guide 

reporting (10).

Gold-standard for gout (case definition)

All patients underwent arthrocentesis or tissue/tophus aspiration for polarizing microscopy 

to identify MSU crystals. All microscopic examination 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) for those who passed the online test. The web-based test was strict and had a high 

non-pass rate (61%) (11). Each SF sample in the second stage needed to be correctly 

identified as demonstrating MSU crystals or not to achieve certification. SF samples with at 

least 10ml volume (to allow distribution of very small aliquots of the same specimens to all 

examinees) and typical findings for CPP crystals, MSU, and apatite (BCP, basic calcium 

phosphate) were selected. In addition, depot methylpredisolone crystals were added to a 

large osteoarthritic SF sample. Samples were pipetted into plastic tubes & sent with 

instructions to examine single drop specimens in the examinees microscope. Each SF 

sample was checked prior to shipping by express service to confirm stability of the crystals.

Cases of gout were defined as patients with MSU crystals identified by a certified observer. 

There were 42 certified observers involved in this study. Cases of non-gout were defined as 

patients without MSU crystals, irrespective of the clinical diagnosis. Synovial fluid/tissue 

microscopy by a certified observer was usually performed on the same day but could be 

done within 1 month of the visit to allow time to arrange an ultrasound guided aspiration. 

There was no restriction on the amount of fluid required from enrolled patients. 

Microbiological culture was sometimes not possible with small amounts of aspirated fluid, 

but this information was not mandatory. If arthrocentesis was not successful, investigators 

were able to repeat the procedure using US guidance. More than 1 joint could be aspirated 

according to the judgment of the clinical investigator, although this was uncommon. If no 

synovial fluid or tophus aspirate was obtained, the patient was not included in the study.
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Potential classification items

Clinical data were collected at the index visit. Items were collected that included elements of 

existing classification criteria or had been ranked highly by physicians or patients in a 

previous Delphi exercise, which aimed specifically to identify potentially relevant diagnostic 

features of gout (12). Those items with a rating of 7 to 9 (agreed to be potentially 

discriminatory) from physicians or patients were selected.

All potential classification items (symptoms, signs, laboratory values and imaging results) 

were collected at the index visit and prior to synovial/tissue microscopy, using standardized 

case record forms. Currently swollen or tender joints were recorded on a homunculus. 

Advanced imaging items (magnetic resonance imaging, computing tomography, dual energy 

computing tomography) were recorded if available but were not mandatory. Ultrasound and 

conventional radiography were intended to be mandatory but since data were usually 

collected within routine clinical care without specific funding, not every patient had 

radiography and ultrasound data available.

For participants with their first episode, items that referred solely to previous episodes were 

marked as non-applicable but predictors were constructed from items so as to include all 

episodes (current and previous).

Statistical analysis and sample size

The overall analytic plan is shown in supplementary Figure 1. Forty-five items were 

collected with the expectation of these reducing to 30 items for a multivariate analysis. It 

was planned that the dataset be randomly divided into development (2/3 of data) and test 

sets (1/3 of data), which was performed after all patients were included using a 

computerized random number generator. Using the rule of thumb for multivariate models of 

10 participants per item divided by the smallest proportion of cases or controls (0.5) and 30 

items for analysis, we estimated that 860 participants would be required for building a robust 

multivariate model (13).

Step 1: univariate analyses—In the development set, univariate logistic regression 

analysis was performed for each item, calculating the sensitivity (true positive rate, 

proportion of cases having the feature), 1-specificity (false positive rate, proportion of 

controls having the feature) and odds ratio (OR, odds of having the feature in cases, 

compared to controls) with its associated p-value.

After univariate analyses, 30 items were considered for inclusion in a multivariate model 

based on p-value (p<0.05; we did not use a more lenient p<0.1 at this stage due to the 

number of variables that were statistically significantly associated). Moreover, it was agreed 

that only items that were disease manifestations of gout would be included; thus risk 

indicators (as opposed to features of the disease itself) such as age, sex, diet and co-

morbidities were not included. For items that were highly related (e.g., if there were >1 item 

regarding time to resolution or time to maximal pain), the item with the best clinical 

feasibility or, if equivalent, the item with the lowest p-value was selected.
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Step 2: multivariate analyses—Two approaches were then taken to further develop the 

prediction model: firstly, a purely statistical approach starting with a full model containing 

all variables selected after univariate analyses, followed by backward selection using one-

by-one deletion of items based on the size of the highest p-value of the regression 

coefficients until all p<0.2 (13). This was the ‘statistically optimal model’ used to gauge the 

performance of a clinical model. The second approach was a clinical hierarchical model 

using clinical reasoning and a forward selection procedure by collecting the major features 

of gout, sorted into domains of clinical information (joint inflammation, time course of 

symptoms, physical examination, laboratory test, and imaging). For that model, variables 

were selected from univariate analyses based on p-value (p<0.05), OR (stronger the better), 

fit to the domains (while avoiding duplication), and feasibility with regards to assessment. 

Variables in a domain were included all at once and backward selection was applied until all 

p-value<0.20; then the variables of the next domain were added all at once and the 

procedure was repeated for that domain. Variables from previously added domains were 

only removed again if their p-value became >0.50. We chose a final model from these two 

approaches based on statistical parameters indicating better model fit (Akaike Information 

Criterion, AIC) and predictive accuracy (c-statistic) to determine the strength of associations 

between the included factors and presence of crystal-proven gout.

Step 3: correcting for over-optimism—We applied a standard method of shrinkage to 

reduce error in predicted values when the model is applied to new data and to avoid over-

estimating the predictive ability of the model. The regression coefficients of the final model 

were reduced by multiplication with a shrinkage factor determined by performing a 

bootstrap procedure with 300 repetitions (14, 15).

Step 4: testing model performance—The performance of the ‘shrunken’ model in the 

test set was analyzed using the c-statistic, Nagelkerke’s R2, the Hosmer-Lemeshow test and 

by plotting the predicted probabilities with the observed probabilities for groups classified 

according to deciles of the classification rule (calibration plot). The c-statistic is an estimate 

of discrimination, being equivalent to the area under the curve of a ROC curve, with values 

of 1 indicating perfect discrimination between gout and non-gout and 0.5 indicating 

discrimination no better than chance. The R2 statistic is a measure of the difference between 

the observed class (gout/non-gout) and the class predicted by the prediction model (values of 

0 indicating no explained variance and 1 indicating 100% of the variance in class 

membership are explained by the model). The Hosmer-Lemeshow test is a statistical test of 

model fit by assessing how well the observed class membership of subgroups correspond to 

class membership predicted by the model. A non-significant test indicates good model fit. 

The optimal cut point that corresponded to the inflexion point of the ROC curve signifying 

maximum sensitivity and specificity was also determined for this shrunken prediction 

model.

To further inform the decision-making process regarding which joints are most frequently 

involved during symptomatic episodes, patterns of joint involvement were analyzed in the 

development set of the SUGAR data. This was based upon currently swollen and tender 

joint involvement during the study visit as recorded on a homunculus following physician 
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examination. First, we assessed the crude prevalence of each joint area with respect to 

reported tender vs. swollen joint involvement, and involvement of left-sided vs. right-sided 

joints in cases and controls separately. Once it was determined that prevalences were similar 

for both tender and swollen joints, and for left vs. right, tender and swollen joints were 

analyzed together (i.e., each joint was categorized as tender OR swollen), and both left-sided 

and right-sided joints were analyzed together in the same model.

We performed latent class analysis (LCA) on cases separately from the controls. LCA is a 

statistical approach that identifies underlying subgroups (i.e., latent classes or clusters) of 

individuals based upon their responses to a set of observed categorical variables. In this 

case, it was ascertainment of symptomatic involvement of each joint (yes vs. no) on a 

homunculus. This framework is the categorical analog to factor analysis, which is based on 

continuous variables. (16–18)

We used LCA to model the symptomatic joints to identify clusters representing a 

homogeneous subgroup that have a similar pattern of joint involvement. We first modeled 

all joints of the homunculus together, then repeated analyses limited to the following 4 joints 

areas: i) lower extremity joints only, ii) foot and ankle joints only, iii) upper extremity joints 

only, and iv) hand and wrist joints only. For each model, the optimal number of clusters was 

determined by statistical parameters (likelihood ration G2 statistic, degrees of freedom, AIC 

and BIC). We obtained the prevalence of the identified clusters in each model, and the item-

response probability of each item within each cluster.

Results

Twenty-five centres from 16 countries and 4 continents contributed data on 983 patients 

(509 cases, 472 non-cases), collected between January 2013 and April 2014. The majority, 

702 (71.4%) were male. The mean (SD) age was 58.5 (17.2) years and median (interquartile 

range) duration of disease since first recalled symptoms was 4 (0.6 to 10) years (Table 1). In 

the development and test sets 30 (9%) and 17 (10%) of gout patients presented with their 

first episode of symptoms. Thirty-seven percent of the participants were non-Caucasian. 

Non-cases had a clinical diagnosis of acute calcium pyrophosphate arthritis (109), 

spondyloarthritis (71), rheumatoid arthritis (70), osteoarthritis (69), undifferentiated arthritis 

(60), clinical gout (but MSU crystals were not observed by microscopy, 49), septic arthritis 

(10), systemic lupus erythematosus (5), or other (31).

Missingness

MSU crystal identification was available for all patients. Clinical data collection and 

arthrocentesis was on the same day for 91% of patients and within 11 days for 99% of 

patients. Most variables had 0 or <1% missing only; serum uric acid level was missing for 

8%, current location of tender joints, whether MTP1 was first ever joint involved were 

missing in <10%. Radiographs/ultrasound scans were not available from 12.4/18.5% of gout 

cases and 11.8/13.9% of non-gout cases. DECT and MRI were undertaken too infrequently 

to be usefully analyzed and were not considered further.
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Univariate analysis

In the development sample (n=653), the univariate association of individual items with 

having MSU-proven gout is shown in Table 2. Overall, most items tested were associated 

with MSU-proven gout in univariate analyses, though some had weak associations in terms 

of magnitude of effect. The items with the highest OR were tophus on ultrasound (18.8), 

SUA >6mg/dl (0.36 mmol/l) (17.8), double contour sign on ultrasound (14.7), patient belief 

that he/she has gout (14.2), clinically evident tophus (10.0), dietary trigger (8.7), MTP1 ever 

involvement (8.1), radiographic erosion (6.7), male gender (6.4), joint erythema (6.1), 

marked tenderness (6.0), at least 2 episodes that start abruptly and resolve by 2 weeks (6.0), 

resolution of symptoms by 14 days (5.7), and difficulty walking or using joint (5.4). 

Additionally, we found a clear monotonically increasing relation of SUA levels with gout, 

with OR 5.9 for SUA 6 to 8mg/dl (0.36 to 0.48mmol/l) and 39.4 for SUA above 10mg/dl 

(0.6mmol/l). Nonetheless, a therapeutic cut-point of 6mg/dl (0.36mmol/l) was used in the 

final prediction model for this study to be more consistent with the dichotomous format of 

SUA in published criteria-sets and to be consistent with the data analysis that was presented 

to an expert panel in the second phase of the project.

Pattern of joint involvement

In the LCA model that included all currently involved (i.e., tender or swollen) joints among 

gout cases, 4 clusters emerged. The cluster with the highest prevalence was that of 1st MTP 

involvement, with a prevalence of 39.44% (Table 3). With just a slightly lower prevalence, 

the second most prevalent cluster was associated with predominantly knee or ankle/midfoot 

involvement (37.14%); the third was primarily elbow, wrist, and hand involvement 

(14.85%), and the fourth was polyarticular involvement, affecting virtually any joint 

(8.57%). This cluster pattern was in contrast to the non-gout patients, in which prevalence of 

knee involvement, predominantly monoarticular, appeared to be higher (56.83%), and no 

MTP pattern was seen (Table 3).

When limited to just lower extremity joints in the gout cases, monoarticular presentation of 

either knee, ankle, or 1st MTP was high (83.49%); limited to just the foot and ankle, 1st 

MTP monoarticular presentation was common (84.16%). For non-gout patients, when 

limited to the lower extremity, monoarticular involvement of the knee was most common 

(60.84%); when limited to the foot/ankle, 1st MTP monoarticular presentation was 

uncommon (6.36%). Upper extremity as well as hand/wrist clusters were similar for cases 

and controls.

Multivariate models

The multivariate model developed from backward removal of items based solely on 

statistical criteria is shown in Table 4 along with the hierarchical models that included 

clinical reasoning. Two items were removed again from the hierarchical models because of 

large p-values (p>0.50). The final hierarchical model parameters are shown in Table 5. This 

model was chosen over the statistically derived model because of smaller AIC (303 vs. 677) 

and larger c-statistic (0.93 vs. 0.91).
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We applied a shrinkage factor of 0.76 that was estimated using bootstrapping to the 

regression coefficients of the hierarchical model to form a final prediction model that 

provided insights into the strength of association between the included items and presence of 

MSU-proven gout (the regression coefficients or weights are shown in Table 5).

In the multivariate analyses, the items regarding marked tenderness and having at least 2 

episodes that start abruptly and resolve within 2 weeks were no longer significantly 

associated with presence of crystal-proven gout. There was conceptual similarity between 

the item “having at least 2 episodes that start abruptly and resolve within 2 weeks” and 2 

other variables that remained in the model, that of “maximal pain within 24 hours” and 

“resolution by 14 days”. This redundancy led to removal of the first of these 3 items. 

Similarly, marked tenderness was likely analogous in concept to experiencing great 

difficulty in walking or inability to use affected joint. Further, while all ultrasound features 

were initially included in the hierarchical model, subsequently only DCS remained 

significant. Similarly, the only x-ray features that were retained for the multivariate model 

were erosions with sclerotic margins and overhanging cortical edges and/or subcortical 

cysts.

In the test data-set (n=329, 50.5% with gout), a logistic regression model in which gout/non-

gout (based upon MSU presence) was the dependent variable and the model-derived 

‘shrunken’ score (based upon the ‘shrunken’ regression coefficients derived in the 

development data-set; Table 5) was the independent variable, a close association between 

the score and the presence of gout was noted with R2 0.58, c-statistic 0.90 and Hosmer-

Lemeshow Chi-square 7.11 (df=8), p=0.53. The model parameters for the version without 

imaging were R2 0.52, c-statistic 0.87 and Hosmer-Lemeshow Chi-square 1.90 (df=9), 

p=0.99. Using a statistically derived cut-point from the data-derived prediction model in 

which the sum of sensitivity and specificity was maximized, we found the sensitivity of the 

model was 83.9% (88.1% for the model without imaging) and specificity was 81.2% (71.6% 

for the model without imaging).

Discussion

In this study, we found that a large number of clinical and imaging parameters are highly 

associated with presence of MSU-crystal gout compared to other diseases associated with 

joint swelling. However, in multivariate analyses, some were no longer significantly 

associated with gout, while 10 factors remained independently predictive of the presence of 

gout, representing clinical, laboratory, and imaging features. Even so, the data-derived 

prediction model possessed sensitivity and specificity that were both less than 90%.

We also confirmed that MTP1 involvement was typical of gout, although the latent class 

analysis showed that knee/ankle/midfoot involvement was almost as common. Knee 

monoarthritis was more typical of non-gout, although also occurred frequently in gout cases. 

It should be acknowledged that this analysis was performed on currently involved joints, 

which does not necessarily capture the full spectrum of joint involvement that could ‘ever’ 

occur in a given patient.
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In this study, we chose a therapeutic value of 6mg/dl (0.36mmol/l) as a cutoff to define high 

serum urate, but the association of serum urate with gout/non-gout varies continuously. This 

has been well described at a population level (19) but not previously in a diagnostic context. 

In the SUGAR data, we found that the odds ratio of having gout vs. non-gout increases non-

linearly with quartiles of the highest ever recorded serum urate from nearly 6 for the lowest 

quartile (less than 6 mg/dl, 0.36mmol/l) to 39 for the highest quartile (more than 10 mg/dl, 

0.6mmol/l). This is shown graphically in Figure 1. Future proposals for gout classification 

criteria should possibly incorporate levels of serum urate rather than simple presence vs. 

absence of a high serum urate level.

This study took several steps to minimize bias, including a requirement that all subjects 

underwent a rigorous gold-standard procedure, collection of pre-defined items that were 

previously included in existing criteria sets and additional ones identified through Delphi 

methods, application of ‘shrinkage’ to estimated regression coefficients to minimize over-

fitting, and testing the derived criteria in a randomly selected subset of the data that did not 

contribute towards the development of the criteria. The sample size was large enough to test 

a range of possible items including key ultrasound features. Further, the subjects comprising 

our control group included a broader, relevant spectrum of diseases than prior classification 

criteria studies.

The main limitations to the interpretation of the results arise from the population that was 

studied. This was not a primary care population and all patients needed to have synovial 

fluid or tissue aspiration in order to be included in the study. This confers unavoidable 

spectrum bias, whereby the studied population likely had more severe than would be seen in 

primary care, and does not necessarily represent the full spectrum of clinical gout. In 

addition, this sample is biased towards chronic disease by inclusion of people with more 

persistent or recurrent features. Patients with persistent disease have more opportunity to 

accumulate disease features. Therefore the results of the study may not be generalizable to 

primary care settings.

It is possible that patients with large joint disease were preferentially selected because of the 

need for joint aspiration. However, this is unlikely to have been a major factor since 74% of 

gout cases had MTP1 involvement at some time in their disease course, which is within the 

range of what is observed in other gout cohorts (20) and furthermore 128/1004 (13%) joint 

aspirations were from the MTP1 joint. There were 34% of gout cases with currently tender 

MTP1.

Whether these same items are also predictive of presence of crystal-proven gout in a sample 

that may have milder disease that is not tophaceous or disease that involves only small joints 

is presently not known. This is one of the reasons that additional work has been planned to 

develop the new gout classification criteria. We also could not test the performance of 

presence of MSU crystals itself given that our case-control status was defined by their 

presence (i.e., gold standard).

We emphasize that the prediction model described in this study was intended to inform the 

next stages of classification criteria development and are not the final ACR-EULAR 
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endorsed gout classification criteria. The study has demonstrated which items and which 

combinations of items are most strongly associated with gout. In particular, it has 

demonstrated that ultrasound features, even when unstandardized and performed according 

to local practice, can significantly contribute to classification of gout.

Nonetheless, in order to overcome the limitation of spectrum bias, the need for all patients to 

have undergone the diagnostic gold-standard procedure and to allow expert opinion to be 

integrated into new classification criteria, the second phase of the project incorporating a 

paper patient exercise and an expert clinician workshop was undertaken (reported 

separately).

Despite efforts to incorporate key diagnostic features of gout, classification of patients 

without searching for MSU crystals remains inaccurate with combined sensitivity and 

specificity of the prediction model derived from these data both under 90%. This highlights 

the importance of synovial fluid examination for diagnostic purposes in ordinary clinical 

care and cautions against the use of classification criteria for diagnosis. In situations where 

high positive predictive value is required, a high suspicion of gout (pre-test probability), 

criteria with lower sensitivity or a crystal diagnosis should be determined. Ultrasound 

features also contribute strongly to classification of gout and may have sufficient specificity 

to be useful in such situations.
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Significance and innovation

• Accurate classification criteria for gout that do not require MSU identification 

would be useful for clinical research.

• Key clinical, imaging and laboratory features that distinguish between gout and 

non-gout were identified in a cross-sectional, multi-national study.

• The degree of uricemia and ultrasound findings contribute independently to the 

classification of gout and should be included in future classification criteria.
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Figure 1. 
Association of highest serum urate (mg/dl) with gout. The size of the bars represent the ratio 

of the proportion of gout/non-gout with each level of serum urate. The bar labels are the 

actual observed proportion in the gout or non-gout groups with each level of serum urate.

Taylor et al. Page 14

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Taylor et al. Page 15

Table 1

Participant characteristics Gout

Gout (MSU positive, n=509) Non-gout (MSU negative, n=474)

Time since first episode of symptoms (years), median (IQR) 6 (2 to 13) 3 (0.23 to 8)

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

Age, mean (SD) 60 (15) 59 (16)

Clinical diagnosis* Gout 494 49

Calcium pyrophosphate deposition disease 4 109

Spondyloarthritis 1 71

Osteoarthritis 3 69

Rheumatoid arthritis 2 70

Undifferentiated arthritis 1 33

Septic arthritis 2 10

Systemic Lupus Erythematosus 0 5

Other 2 31

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

MSU = monosodium urate; IQR = interquartile range; SD = standard deviation
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Table 3

Prevalence of joint involvement clusters among gout and non-gout

Gout Nongout

Joint Pattern Prevalence Joint Pattern Prevalence

MTP1 39.4% Knee only 56.8%

Knee/ankle 37.1% Any lower extremity joint 30.1%

Elbow/wrist/hand 14.9% Wrist/hand + knee 8.0%

Polyarticular 8.6% Polyarticular 5.1%

MTP1 = first metatarsophalangeal joint
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Table 4

Multivariate model development. Two approaches are shown – by statistical selection only or by progressive 

addition of clinically informed groups of variables (see text for details).

Model name Variables AIC* c-statistic (AUC)†

STATISTICAL SELECTION ONLY Sex, onset of maximal pain, complete resolution of episode, 
xray features‡, US DCS, tophus, MTP1 involved, disability, 
hyperuricemia, location of current joint involvement

380 0.91

HIERARCHICAL MODEL DEVELOPMENT

JOINT INFLAMMATION Joint erythema, marked tenderness, joint warm to touch, 
disability

746 0.75

+ COURSE + onset of maximal pain with 24 hours, attack resolves within 
14 days, at least 2 episodes

669 0.82

+ GOUT FEATURES + tophus, MTP1 ever involved, current tender joint location 531 0.89

+ URATE + highest recorded SUA>6mg/dl (0.36mmol/l),§ 463 0.89

 + ULTRASOUND  + US features 354 0.92

 + US only DCS  + US DCS sign 355 0.92

 + XRAY  + xray features 396 0.90

 + XRAY one sign  + xray erosion or cyst,§ 392 0.90

+ US AND XRAY + US DCS, xray erosion or cyst,§ 303 0.93

*
AIC, Akaike Information Criterion is an index of model fit adjusted for parsimony (lower values indicate better fit);

†
Area under the curve of a receiver operating characteristic curve (values of 0.5 indicate prediction of class membership no better than chance, 

values of 1.0 indicate perfect prediction of class membership);

‡
Xray features were erosion, subcortical cyst or asymmetric soft tissue swelling within a joint;

§
Item shown as deleted because it was removed due to p=0.47 (at least 2 episodes), p=0.22 (marked tenderness).

US DCS = ultrasound double-contour sign; MTP1 = first metatarsophalangeal joint; SUA = serum urate
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Table 5

Item parameters of final model from development data-set (n=654)†

Variable OR (95% CI) p-value Regression coefficient
Regression 

coefficient with 
shrinkage‡

Intercept −5.70 −4.05

Joint erythema 2.13 (1.06, 4.29) 0.03 0.76 0.54

At least 1 episode involved difficulty walking 7.34 (1.17, 46.06) 0.03 2.00 1.42

Time to maximal pain less than 24 hours 1.32 (0.71, 2.47) 0.38 0.28 0.20

Resolution by 2 weeks 3.58 (1.85, 6.95) 0.0002 1.28 0.91

Tophus 7.29 (2.42, 21.99) 0.0004 1.99 1.41

MTP1 ever involved 2.30 (1.18, 4.49) 0.01 0.83 0.59

Location of currently tender joints*
Other foot/ankle 2.28 (1.00, 

5.19) 0.01

0.21 0.14

MTP1 2.82 (1.37, 5.81) 0.42 0.30

Serum urate level > 6mg/dl (0.36mmol/l) 3.35 (1.57, 7.15) 0.002 1.21 1.43

US double contour sign 7.23 (3.47, 15.04) <0.0001 1.98 1.40

Xray erosion or cyst 2.49 (1.26, 4.90) 0.009 0.91 0.65

*
Ref. category is joint proximal to ankle

†
Logistic regression model details: LR Chi-square 305 (df 11), p<0.001; c-statistic 0.93

‡
The regression coefficients show the strength of the association between the variable and having gout (values > 0 indicate a positive association) 

in the original units of the variable. The shrinkage factor is applied to prevent over-estimating the predictive ability of the model (see text for more 
details).

OR = odds ratio; MTP1 = first metatarsophalangeal joint; US = ultrasound
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